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Rapid Appearance of Histamine Hypersensit ivity 

I t  is known  t h a t  mice have  a re la t ively  low sens i t iv i ty  
to  h is tamine .  However ,  PARFENTJEV and GOODLINE 2 
discovered t h a t  the  mice admin i s t e red  wi th  per tuss is  
vaccine had  h i s t amine  sens i t iv i ty  enhanced  and  indica ted  
shock-like s y m p t o m s  followed by  d e a t h  wi th  small  
a m o u n t  of h i s tamine .  Since t h e n , ' a  large n u m b e r  of 
s tudies  a on th is  p h e n o m e n o n  and  i ts  agent ,  t he  h i s t amine  
sensi t iz ing factor  (HSF) ~ of Bordtella pertussis, have  been  
carried out  for a good m a n y  years.  We  have  also s tud ied  
the  pur i f ica t ion and the  biological and phys icochemica l  
proper t ies  of H S F  and conf i rmed i t  as a prote in- l ike  
subs tance  hav ing  the  molecular  weight  of abou t  13, 000 5, 6. 

On the  o ther  hand ,  in add i t ion  to H S F ,  a pro te in-  
like substance ,  we found 7 t h a t  an a n t i t u m o u r  poly-  
saccharide,  lent inan,  and  a few polysacchar ides  s t ruc tur -  
ally re la ted  to  this  substance,  also enhanced  the  h i s t amine  
sens i t iv i ty  of mice s,9. The f indings t h a t  cer ta in  poly-  
sacchar ides  were able to  induce h i s t amine  hype r sens i t i v i t y  
in mice, led us to  inves t iga te  the  possible h i s t amine  
hype r sens i t i v i t y  caused by  endo tox ins  which  conta in  
lipid and polysacchar ide .  Af ter  m a n y  trials,  the  adequa te  
controls  were also taken .  The resul ts  t hus  ob ta ined  and 
descr ibed in the  p resen t  pape r  ind ica ted  clearly t h a t  
h i s t amine  hype r sens i t i v i t y  was induced  rap id ly  in I h 
w i th  even a m inu t e  dose such as abou t  0.001 bag per  mouse  
of endo tox in  l ipopolysacchar ide .  In  con t r a s t  to our 
results,  i t  was wi th  large a m o u n t s  (sublethal  doses) of 
l ipopolysacchar ide  4 days  af ter  the  endo tox in  admin i s t ra -  
t ion  t h a t  fo rmer  workers1~ 1~ observed the  h i s t amine  
hype r sens i t i v i t y  caused by  endo tox in  in mice. 

Materials  and methods. The l ipopolysacchar ide  (LPS) 
ma in ly  used as endo tox in  p repa ra t ion  was p repa red  f rom 
E. colt 0 111 B4 cells by  e ther  t r e a t m e n t ,  pheno l  ex t rac t ion  
and  u l t racen t r i fuga t ion  in our  l abora to ry  13, and  i t  was 
provis ional ly  n a m e d  E. colt LPS-Y.  The o the r  L P S  
p repa ra t ions  were  purchased  f rom Difco Co. Female  mice 
(ddY strain) of several  age groups were tes ted .  In  order  to 
t e s t  t he  h i s t amine  hype r sens i t i v i t y  caused by  endotoxin ,  
mice were inocula ted  i.v. w i th  0.2 ml  of the  endo tox in  
solut ions conta in ing  var ious  amoun t s  of L P S  in pyrogen-  
free saline, and  af ter  var ied  per iods  (1 h to 8 days) t h e y  
were i.p. chal lenged wi th  h i s t amine  solut ions in the  volume 
of 0.5 ml. As one dose was given the  h i s t amine  solut ion 
conta ined  6 mg  of h i s t amine  d ihydrochlor ide  (Sigma Co.) 
for mice no t  older  t h a n  10 weeks old, or 3 mg for mice no t  
younger  t h a n  11 weeks old. Dea ths  were t a b u l a t e d  3 h 

in Mice by Minute Dose of Endotoxins  ~ 

la~er. The control  mouse  group, no t  t r ea t ed  wi th  endotox in ,  
ran  wi th  each t es t  as h i s t amine  control .  All glass ware,  
syringes and  needles  for use were hea t ed  for more  t h a n  
30 rain a t  250 ~ to  exclude py rogen  con tamina t ion .  

Results  and discussion. In  Table I, the  3 relat ively large 
doses, 200, 20 and 2 bag per  mouse  of E. colt L P S - Y  were 
given i.v. to  each group of 40 mice, respect ively .  10 mice 
of each group were i.p. chal lenged wi th  h i s t amine  oh days  
1, 4, 6 and  8 af ter  the  endo tox in  admin i s t ra t ion ,  respec-  
t ively.  In  t he  h i s t amine  hype r sens i t i v i t y  of mice given 
200 bag dose of LPS-Y,  the  le tha l  r a te  (5/9) on the  4 th  day  
was s ignif icant ly  larger than  t h a t  of t he  h i s t amine  control ,  
bu t  the  o ther  3 ra tes  were no t  s igni f icant ly  larger. There-  
fore, t he  h i s t amine  hype r sens i t i v i t y  was ev iden t ly  
d e m o n s t r a t e d  only in mice admin i s t e red  wi th  L P S  4 days  
pr ior  to h i s t amine  challenge. This  fact  was a reconf i rma-  
t ion of the  former  observa t ions  of MALKIEL et  al. ~0 and  of 
PIXRONI et  al. 11 

On the  o ther  hand,  t he  h i s t amine  hype r sens i t i v i t y  of 
mice given 20 ~g dose was no t  ev iden t ly  d e m o n s t r a t e d  on 
any  days  tes ted,  while the  hype r sens i t i v i t y  of mice g iven 
2 bag dose was clearly d e m o n s t r a t e d  on the  1st day  bu t  no t  
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Table I. The change of histamine hypersensitivity after E. coli LPS administration 

LPS dose (bag/mouse % i.v.) Histamine lethality after LPS administration in the following periods (days) 

1 4 6 8 

Experiment 1 
200 3[6 b 5]9 f 3/10 2/10 
20 5/10 0/10 1/10 0110 

2 6110 a, ~ 2/10 1110 2110 
Totals on each histamine challenge day 14/26 r 7/29 5/30 4130 
(%) (53.8) (24.1) (16.6) (13.3) 
Histamine c control 1110 0/10 1/10 1/10 

Time response in days. * Mouse: female, 17 week old. b Numerator presents the number of dead mice, denominator the total number of mice 
used for histamine challenge. The number of denominator was 10, except in some groups of mice given with 200 rig, in which 5 mice were 
excluded by accident before the histamine challenge, o Histamine challenge dose is 6 mg of histamine dihydroehloride per mouse, a According 
to Fisher's exact test~ the rate is significantly different from that of histamine controls at e 5 %, f 2.5 % significant levels, respectively. 



207 

Experiment 

80 
% 

70 

LPS dose (Fg/mouse ~) Histamine lethality after LPS administration in the 
following periods (h) 

1 4 5 6 7 8 10 24 

Histamine o control 

2 20 0112~ 1/12 1/12 3/12 
2 0/12 2f12 7/12 d, g 3112 0112 

3 2 0/12 0/12 6/12f 5112~ 7/12~ 1112 
0.2 7112 ~ 4/12 ~ 0/12 

4 0.5 0120 3/20 4120 7120 
0.125 2/20 12/20 h 10120 ~ 12/20" 0/20 
0.031 5/20 ~ 13/20 h 12/20 ~ 9/20" 

Time response Ill hours. ~ Mouse: female, the age in Exp. 2 is 14 weeks, the ones in Exp. 3 and 4 are 11 weeks, b Numerator presents the 
number of dead mice, denominator the total number of mice used for histamine challenge, o Histamine challenge dose is 3 mg of histamine 
hydrochloride per mouse, a Statistical significance level against histamine control. ~ c~ = 0.05; f ~ = 0.025; ~ ~ = 0.01; " ~ = 0.001. 

on any  o the r  days  tes ted .  A m o n g  to ta l  le thal  ra tes  includ-  
ing the  ra tes  of 3 L P S  doses, t he  to ta l  le thal  ra te  on 1 day 
was s ignif icant ly  d i i fe ren t  f rom those  on the  o ther  days.  
Fu r the rmore ,  in t he  ra tes  on 1 day  af ter  the  L P S  ad- 
min is t ra t ion ,  it  could be not iced  t h a t  the  sens i t iv i ty  was 
s ignif icant ly  d e m o n s t r a t e d  only in t he  mice given the  
smal les t  L P S  dose (2 Fg)- 

The above -men t ioned  facts  caused us to  inves t iga te  the  
h i s t amine  hype r sens i t i v i t y  of mice  due to  m u c h  smal ler  
doses of endotoxin ,  especiaIly wi th in  24 h af ter  the  
admin i s t r a t ion .  The d a t a  of 3 e x p e r i m e n t s  are  p re sen ted  
in Table  II .  E x p e r i m e n t  2 shows tha t ,  in t he  mice given 
2 Fg of LPS-Y,  the  hype r sens i t i v i t y  was s igni f icant ly  
d e m o n s t r a t e d  only  6 h af ter  t he  admin is t ra t ion , ,  bu t  
no t  a t  o the r  t imes,  while  in the  mice given larger dose 
(20 Fg) t he  change of t he  sens i t iv i ty  was no t  d e m o n s t r a t e d  
at  any  t imes  t e s t ed  af ter  t h e  admin i s t ra t ion .  In  Exper i -  
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Table II. The change of histamine hypersensitivity after E. coli LPS administration 

LPsO<)se 2 6.5 0.125 0_0~31 0.0'08 O~02~g/mouse 
Exp.5 1/13 4/13 6/13 11/13 4/15 1/13 
Exp.6 3/20 11/20 13/16 9/20 

Dose response curve of histamine hypersensitization induced by 
E. coli LPS administration. 

m e n t  3, the  h i s t amine  hype r sens i t i v i t y  of the  mice given 
2 ag of endo tox in  was  s igni f icant ly  d e m o n s t r a t e d  a t  least  
for 6 to  10 h a f te r  t he  admin i s t ra t ion ,  and  it could no t  be 
d e m o n s t r a t e d  again 24 h thereaf te r .  Such a t ime  response  
of the  h i s t amine  hype r sens i t i v i t y  to  endo tox in  is s imilar  
to t h a t  of SCHAYER'S 14 induced  h i s t amine  in t issues 
caused by  endotox in .  The re la t ion be tween  our  f indings  
and  SCHAYER'S induced  h i s t amine  remains  to be solved in 
fu r the r  s tudies .  Then  our a t t e n t i o n  focussed on the  
hype r sens i t i v i t y  responses  w i th  m u c h  more  minu te  
doses of endotox in .  In  E x p e r i m e n t  4, t he  h i s t amine  
hype r sens i t i v i t y  due to  the  smal les t  dose t e s t ed  (0.031 Fg) 
was s ignif icant ly  d e m o n s t r a t e d  in 1 h and la ter  a f te r  the  
admin i s t r a t i on ;  t h a t  due to  0.125 ~g in 2 h and  later ,  
and  t h a t  due to 0.5 ag only  in 7 h, respect ively .  These 
resul ts  suggested t h a t  the  more  minu te  the  endo tox in  
dose was, t he  earlier t he  h i s t amine  hype r sens i t i v i t y  was 
de tec tab le  wi th in  t h e  ranges  of doses tes ted .  In  o the r  
words,  the  h i s t amine  hype r sens i t i v i t y  due to re la t ively  
large dose canno t  be de tec ted  in ear ly  hours  af ter  the  
endo tox in  admin i s t ra t ion .  The real reason for these  
p h e n o m e n a  is qui te  obscure,  bu t  these  f indings  would be 
expla inable  by  the  charac ter i s t ic  dose response  curve of 
t h e  endo tox in - induced  h i s t amine  h y p e r s en s i t i v i t y  to  be 
m e n t i o n e d  later.  

I n  order  to  measure  the  h i s tamine-sens i t i z ing  ac t iv i ty  
of endotoxin ,  t h a t  is, in order  to  de t e rmine  the  dose- 
response  relat ion,  the  mice p r e t r ea t ed  wi th  endotoxiI1 
m u s t  be chal lenged wi th  a c o n s t a n t  h i s t amine  dose in a 
cer ta in  hour  per iod af ter  endo tox in  admin i s t r a t ion .  We  
arb i t ra r i ly  ad o p t ed  the  5-hour per iod af ter  the  admin i s t r a -  
t ion  as a rule in the  following exper iments .  

In  E x p e r i m e n t  5, mice were admin i s t e red  i.v. wi th  
E.  coli L P S - Y  doses rang ing  f rom 2 to 0.002 Fg per  mouse  
in 4-fold serial d i lu t ions  and  5 h la ter  t h e y  were i.p. 
chal lenged wi th  h is tamine .  E x p e r i m e n t  6 was carr ied 
out  abou t  2 m o n t h s  af ter  t he  E x p e r i m e n t  5 in order  to 
check the  reproduc ib i l i ty  of the  results .  The le thal  ra tes  
of mice in b o t h  e x p e r i m e n t s  were  t abu l a t ed  at  the  b o t t o m  
of the  Figure.  In  t he  Figure,  the  2 dose- response  curves  
were  ve ry  s imilar  and  were shown as a un imoda l  curve  
the  peaks  of which  cor responded to  0.031 Fg dose per  mouse  
in b o t h  E x p e r i m e n t s  5 and  6. F r o m  the  peak  of t he  curve,  

t* R; W. ScnAv~R, in Bacterial Endotoxins (Eds. M. LANDV and 
W. BRAUN; Rutgers Univ, Press, New Brunswiek~ New Jersey 
(1964), p. 182, 
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2 slope l ines were h a n g i n g  a t  b o t h  sides and  t he  h i s t a m i n e  
h y p e r s e n s i t i v i t y  was de t ec t ab l e  a t  doses b e t w e e n  2 }xg 
a n d  0.002 tzg; t h e  l a t t e r  dose could be  accep tab l e  as t he  
m i n i m u m  sens i t iz ing  dose of t he  L P S  p r epa r a t i on ,  as 
shown  also in  a n o t h e r  expe r i m en t .  T he  l e tha l  r a t e  of t he  
p e a k  on  the  u n i m o d a l  cu rve  d id  n o t  so far  r e a c h  100%, 
showing  usua l ly  a b o u t  60 to 90o/0 . These  facts  were also 
app l icab le  to  o t h e r  L P S  p repa ra t i ons .  PIERONI e t  a l . n  
obse rved  t he  a p p e a r a n c e  of l e tha l  r a t e s  be t w een  zero 
and  less t h a n  100%, b u t  t h e y  d id  n o t  p o i n t  ou t  t h e  
u n i m o d a l  dose response  cu rve  so c lear ly  as we revea led  it. 

F r o m  the  u n i m o d a l  response  curve,  i t  is a s s um ed  t h a t  
t he  m e c h a n i s m  of t h e  h i s t a m i n e  h y p e r s e n s i t i v i t y  caused  
b y  e n d o t o x i n  would  no t  be  s imple  a n d  t h a t  a t  leas t  two  
a n t a g o n i s t i c  ac t iv i t i es  would  be  induced  in mice  b y  
e n d o t o x i n  a d m i n i s t r a t i o n ;  the  h i s t a m i n e  sens i t iz ing  
a c t i v i t y  and  t h e  a c t i v i t y  of an t agon i s t i c  factor(s) .  
R o u g h l y  speaking,  as shown  in t he  Figure,  the  slope l ine 
decreas ing  f rom t h e  p e a k  could be  d e p e n d e n t  on  t h e  
h i s t amine - sens i t i z ing  ac t iv i ty ,  whi le  t h e  slope l ine 
increas ing  to t h e  p e a k  could r ep re sen t  re f lex ion  of t he  
h i s t a m i n e  sens i t iz ing  a n d  t he  p r e d o m i n a n t  a n t i - h i s t a m i n e  
sens i t iz ing  ac t iv i t ies .  Therefore,  i t  seems t h a t  t h e  p e a k  
response  m a y  be composed  of re f lex ion  of t h e  two 
i n d e p e n d e n t  act iv i t ies .  The  en t i t i e s  of t he  two  ac t iv i t i e s  
i nduced  b y  e n d o t o x i n  are obscure  a t  p resen t .  B u t  t he  
a n t i - h i s t a m i n e  sens i t iz ing  a g e n t  m i g h t  be  g lncocor t icoids  
induced  b y  endo tox in ,  s ince e n d o t o x i n  el ic i ted increases  
of b lood cortisoI c o n t e n t  and  of u r i n a r y  cor t isol  exc re t ion  
in dogs ~ a n d  gu inea  pigs ~6, whi le  t he  h i s t a m i n e  h y p e r -  
s ens i t i v i t y  of mice  due  to  e n d o t o x i n  was i n h i b i t e d  b y  t he  
a d m i n i s t r a t i o n  of hyd r oco r t i s one  ace t a t e  17. 

15 J .  C. ~[ELBY, R. I~. ]~GDAHL a n d  W. W. SPINK, J .  Lab .  clin. Med. 
56, 50 (1960). 
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Physiol. 20J, 551 (1961). 
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Japan. J. Baet. 29, 270 (1974) (in Japanese). 

is Acknowledgment: Thanks are due to Dr. M. t{IJROKAWA, Director 
of the Department, for his kind suggestions. 

O t h e r  t h a n  t he  E. coli L P S  p r e p a r a t i o n ,  t h e  L P S  
p r e p a r a t i o n s  of Salmonella typhosa, Salmonella typhimu- 
rium, Shigelta /lezineri a n d  Serratia marcescens were  
s tud ied  irt mice. All  p r e p a r a t i o n s  showed  the  h i s t a m i n e  
sens i t iz ing  effect  b e y o n d  t he  L P S  e x t r a c t i o n  m e t h o d s  
a n d  bac t e r i a l  origins,  b u t  no t  necessar i ly  t h e  same in- 
t ens i ty .  

The  age of mice  was found  as one of t he  m o s t  i m p o r t a n t  
factors ,  as a l r e a d y  described~2. The  older  are  mice, t he  
more  s t rong ly  t h e y  respond ,  w i t h i n  t h e  e x p e r i m e n t a l  
l imi ta t ions .  Therefore ,  t he  11- to  12-week-old mice were 
used  in p rac t i ce  t h r o u g h o u t ,  excep t  in  t h e  ear l ier  pe r iod  of 
t he  s tudy.  As shown  in Tab le  I, t h e  h i s t a m i n e  h y p e r -  
s ens i t i v i t y  i nduced  b y  e n d o t o x i n  was conf i rmed  a t  f i rs t  
b y  us ing  a b o u t  17-week-old mice  b y  chance.  F o r m e r l y  we 
t r i ed  to  con f i rm  t h e  h i s t a m i n e  h y p e r s e n s i t i v i t y  severa l  
t i m e s  b u t  the  resu l t s  h a d  no t  been  reproduc ib le .  W h e n  we 
t h i n k  of i t  now, i t  is p r o p e r  t h a t  t he  r ep roduc ib i l i t y  of t he  
resu l t s  shou ld  be  poor  in consequence  of us ing  4- to  
5-week-old mice.  

As a l r eady  repor tedg,  l e n t i n a n  induced  t h e  h i s t a m i n e  
h y p e r s e n s i t i v i t y  in  mice  u n d e r  con t ro l l ed  cond i t ions  a f t e r  
t he  f r a c t i o n a t e d  a d m i n i s t r a t i o n .  B u t  t h e  h y p e r s e n s i t i v i t y  
was no t  r ep r e sen t ed  in such  ear l ier  per iods  a f t e r  a single 
a d m i n i s t r a t i o n  of m i n u t e  dose of I e n t i n a n  as in  t he  case of 
e n d o t o x i n  a d m i n i s t r a t i o n .  The  fac t  suggests  t h a t  t h e  
m e c h a n i s m  of h i s t a m i n e  h y p e r s e n s i t i v i t y  i nduced  b y  
e n d o t o x i n s  m a y  be  d i f fe ren t  f rom t h a t  b y  l en t inan .  

Riassunto. i~ d i m o s t r a t o  che l ' appa r i z ione  r a p i d s  en t ro  
60 min  de l l ' ipe rsens ib i l i tk  a i s t a m i n a  6 i n d o t t a  nei  top i  
con dosi  min ime ,  come n a n o g r a m m i  pe r  topo,  di  t u t t e  le 
sor t i  di  endo toss ine  e samina te .  La  r i spos t a  d ipende  
dall'etS~ del topo.  L a  re laz ione  I ra  il l oga r i tmo  del la  dose di 
endo to s s ina  e la morta l i tY,  la  dose d ' i s t a m i n e  essendo 
cos tan te ,  n o n  ~ l ineare ;  m a  r i su l t a  u n a  c n r v a  con  u n  
mass imo,  <~unimodal dose-response  curvets. 
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2-Allyl-2-Isopropylacetylurea and its Influence on the Haematopoetic  System 

After  t he  i n t r o d u c t i o n  of d rugs  c o n t a i n i n g  a11yl groups,  
t h e  occurence  of p o r p h y r i a  a n d  t h r o m b o c y t o p e n i a  was 
observed  in p a t i e n t s  rece iv ing  t h i s  t y p e  of d r u g s  E x a m -  
ples of such  cases h a v e  been  descr ibed  (DUESB~RO~; 
I)ENNIG2). A n i m a l  e x p e r i m e n t s  led to  the  discovery,  b y  
SCHMID and  SCHWARTZ 3, of a n  acu te  e x p e r i m e n t a l  
p o r p h y r i a  in  r a b b i t s  a f te r  oral  a d m i n i s t r a t i o n  of 2-allyl-2- 
i sop ropy lace ty lu rea  (AIAU) i n d i c a t i n g  t h a t  th i s  d rug  
m u s t  have ,  a t  leas t  for po rphyr i a ,  a d i s t u r b i n g  effect  on 
h a e m - m e t a b o t i s m .  S tudies  w i t h  a s imi la r  compound ,  2- 
a l ly l -2 - i sopropy lace tamide  (AIA), d e m o n s t r a t e d  a b reak-  
down of the  h a e m  c o n t a i n i n g  c y t o c h r o m e  P-450 in r a t  
l iver  (Dz  MATTEIS4). S u b s e q u e n t l y  m u c h  work  has  been  
car r ied  ou t  on  t h a t  t i s sue  (LEvlN et  al.5). I n v e s t i g a t i o n s  
a t t e m p t i n g  to  e luc ida te  t he  m e c h a n i s m  of the  t h r o m -  
b o c y t o p e n i a  h a v e  dea l t  w i t h  changes  of t he  t h r o m b o c y t e s  
s t e m  cell in  the  bone  mar row.  The  resu l t s  h a v e  t e n d e d  to  
be  c o n t r a d i c t o r y  (ACKROYn"). E x p e r i m e n t s  dea l ing  w i t h  
whole  b lood  h a v e  been  v e r y  l imi ted  (J/3RGENS 7). Thus  in 

connec t ion  w i t h  our  l ong - t e rm  p i g m e n t a t i o n  e x p e r i m e n t s  
w i t h  AIAU,  t he  h a e m a t o p o e t i c  sys t em has  been  examined ,  
a n d  t he  resu l t s  are  r epo r t ed  here.  

Materials and methods. 42 male  Sandoz  O F A - S P F  ra ts ,  
120-140 g, were dosed twice  da i ly  w i t h  a s.c. i n j ec t ion  of 
A I A U  s in  p r o p a n d i o l  (50 mg/ml) .  The  overa l l  da i ly  dose 
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