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H i s t a m i n e  R e l e a s e  f r o m  M a s t  C e l l s :  R o l e  of  M i c r o t u b u l e s  

The release of h i s t amine  and other  pharmacologica l  
media to rs  is a p r o m i n e n t  fea ture  of acute  i n f l a m m a t o r y  
processes including immed ia t e  t y p e  anaphy lac t i c  reac- 
t ions. H i s t amine  is located in mas t  cells in cy toplasmic  
granules 1 and i ts  release m a y  be accompl ished by  two 
d is t inc t  mechanisms2:  a selective discharge of amine-  
conta in ing  granules t h rough  a process of exocytosis ,  and  
a non-select ive  release of amine  and o ther  cellular com- 
ponen t s  as a resul t  of lysis of cell membrane .  The selective 
release of h i s t amine  is supposed a to  be consequen t  to  a 
conformat ional  change in a p la sma  m e m b r a n e  cons t i t uen t  
which m a y  be t r iggered ei ther  by  pos i t ive ly  charged 
molecules, such as compound  48/80 * and po l imorpho-  
nuclear  lysosomal  po lypep t ides  5, or following the  inter-  
ac t ion of an t igen  wi th  cel l -bound IgE  ant ibody% In  
b o t h  cases, the  reac t ion  is d e p e n d e n t  upon  the  in t ra-  
cellular level of cyclic AMP ~, t hus  suggest ing t h a t  act iva-  
t ion of a secre tory  s tep modu la t ed  by  cAMP is involved.  
In  m a n y  cell types ,  including m a s t  cells, cyclic nucleot ides 
modi fy  processes t h o u g h t  to require  an in tac t  micro tubule  
functionS; in fact, mic ro tubule  pro te ins  have  been found 
to be subs t ra tes  for specific cAMP-ac t iva t ed  pro te in  
kinases 9. Therefore,  it  has  been  suggested ~0 t h a t  exocytosis  
of pharmacologica l ly  act ive  subs tances  depends  upon  
in tegr i ty  of microtubules .  

To tes t  th is  hypothes is ,  we have  examined  the  effects 
of drugs, such as colchicine and v inb las t ine  which  
di rec t ly  affect  micro tubules  in tegr i ty  n- la ,  on the  release 
of h i s t amine  f rom mas t  cells induced by  compound  48/80 
and  by  a pur i f ied Ascaris degranula to r  1~. 

Mater ia l  and methods. Prepa ra t i on  of m a s t  cells. Male 
\ u  ra ts  (200-300 g) were anes the t i zed  wi th  e ther  and 
decapi ta ted .  10 ml  of r o o m - t e m p e r a t u r e  Tyrode  solut ion 
conta in ing  10 U/ml  of hepar ine  U.S .P .  were in jec ted  
into the  per i tonea l  cavi ty ,  the  a b d o m e n  was massaged  
gent ly  for 60 sec and, t h rough  a midl ine  incision, the  
resul t ing cell suspension was asp i ra ted  in to  a siIiconized 
Pas t eu r  p ipe t te .  The cells were washed  twice by  centr i fuga-  
t ion  at  500 g for 10 min  in sil iconized tubes,  r e suspended  
at  a concen t ra t ion  of 5 • 10 a m a s t  cells per  ml  and  d iv ided  
in to  0.25 ml  a l iquots  for expe r imen ta l  procedures .  

Ion-exchange  ch roma tog raphy .  D ie thy l amino e t h y l -  
cellulose ( D E A E - S H  cellulose, 0.85 meq/g) was  ac t iva ted  
according to  KING 1~ and equi l ibra ted  wi th  5 m M  p h o s p h a t e  
buffer  p H  7.9. Samples  to  be c h r o m a t o g r a p h e d  were 
equi l ibra ted  wi th  the  s t a r t ing  buffer  and  f rac t iona ted  

wi th  9 g DEAE-cel lu lose  in a co lumn of 2.2 • 18 cm at  
4~ Stepwise  elut ion was per fo rmed  using buffers  of 
increasing molar i ty .  Frac t ions  of 6 ml  were collected and 
pro te in  was de tec ted  by  measure  of its ex t inc t ion  at  280 nln. 

Po lyac ry lamide  disc electrophoresis .  The procedure  
descr ibed by  DAVIES ~6, wi th  s l ight  modif icat ions ,  was 
performed.  E lec t rophores i s  was carr ied out  in a 7~o 
acry lamide  gel (Cyanogum 41, B D H  Chem.) a t  a cons t an t  
cur ren t  of 2.5 mA/ tube .  P ro te in  bands  were localized by  
f ix ing gel in t r ichloroacet ic  acid (TCA) 12.5% and s ta in ing  
wi th  Coumassis  bleu 0.05% in TCA. 

Ascaris fluid. Ascaris f luid was ob ta ined  f rom P .  
equorum he lmin th s  of b o t h  sexes by  cu t t ing  the  caudal  
par t .  The fluid was collected dropwise  and cent r i fuged 
twice (10 rain at  500 g and 30 min  at  60,000 g). Sed iments  
were d iscarded and clear supe rna t an t s  were dialyzed 
aga ins t  buffered saline p H  7.3 and  stored.  

Isola t ion of Ascaris degranula tor .  Ascaris degranula to r  
was puri f ied f rom the  pseudoglobul in  f rac t ion of the  
celomat ic  fluid by  sal t ing out  w i th  a m m o n i u m  su lpha te  a t  
50% satura t ion .  The precipi ta te ,  solubilized in and dialyz- 
ed agains t  5 m M  p h o s p h a t e  buffer  p H  7.9, was appl ied  to 
a DEAE-cel lu lose  co lumn equi l ibra ted  wi th  the  same 
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Table I. Effect of colchicine on histamine release from rat peritoneal 
mast cells induced by compound 48/80, Ascaris degranulator and 
decylamine 

Colchicine concentration 
(M) 

Histamine release (%) 

48/80 Ascaris Decylamine 

None 75 4- 4.5 88 i 5.0 85 i 5.0 

5 • 10 _6 72 • 6.0 84 • 5.8 82 :~ 4.8 

5• -5 60 ~ 3.2 b 70 + 2.8 b 804-5.2 

5• _4 53 4- 2.7 b 62 i 3.1 b 894-3.6 

Cells were incubated with or without colchicine at the indicated 
concentrations for 60 min before exposure to compound 48/80 (0.2 txg/ 
ml), Ascaris degranulator (1 mg in proteins/ml) or deeylamine 
(60 ~g/mI). Mast cell concentration = 1.25 • 10K b Difference from 
appropriate controls (no colchicine) significant at P < 0.05. 

Table II. Effect of vinblastine on histamine release from rat peritoneal 
mast ceils induced by compound 48/80, Asearis degranulator and 
decylamine 

Vinblastine concentration. 
(M) 

Histamine release ( % ) 

48/80 Ascaris Decylanline 

None 82 -E 4.0 89 4- 3.6 83 4- 5.0 

5 • 10 6 75 ~ 3.5 83 -t_ 4.0 79 4- 2.8 

5• 5 53 Jz 2.9 b 624-1.8 b 854-7.2 

5• 4 37=t=2.8 b 474-2.0 b 80=}:4.8 

Ceils were incubated with or without vinblastine at the indicated 
concentrations for 60 rain before exposure to compound 48/80 
(0.2 Izg/ml), Ascaris degranulator (i mg in proteins]ml) or decylamine 
(60 ~xg/inl). Mast cell concentration = 1.25 • 105. b Difference from 
appropriate controls (no vinblastine) significant at P < 0.01. 
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buffer .  A p ro t e in  peak ,  w h i c h  p r o v e d  to  c o n t a i n  m a s t  cell- 
d e g r a n u l a t i n g  factors ,  was  e lu ted  a t  t h i s  mola r i ty .  P ro t e in s  
compr iz ing  t h e  a scend ing  p a r t  of t he  p e a k  were pooled,  
c o n c e n t r a t e d  b y  u l t r a f i l t r a t i o n  a n d  r e c h r o m a t o g r a p h e d  
as before.  The  p ro t e i n  f rac t ion,  o b t a i n e d  a f te r  r e c h r o m a -  
t og raphy ,  a p p e a r e d  to  fulfi l l  c r i t e r ia  of p u r i t y  w h e n  t e s t ed  
on ac ry la ln ide  gel e lectrophoresis .  

H i s t a m i n e  assay.  Mas t  cell suspens ions  were i n c u b a t e d  
w i t h  t h e  specified c o n c e n t r a t i o n s  of colchicine or v in-  
b l a s t i ne  in a f ina l  v o l u m e  of I ml  for  60 m i n  before exposure  
to  c o m p o u n d  48/80 a t  0.2 ~xg pe r  ml or Ascaris  d e g r a n u l a t o r  
a t  1 m g  in p ro t e in s  pe r  ml.  Af te r  a f u r t h e r  10 rain,  t he  
r eac t ion  was s t opped  b y  c e n t r i f u g a t i o n  (500 g for 10 min)  
a n d  a l iquo t s  of t h e  s u p e r n a t a n t s  a n d  boiled cell debr i s  
were ana lyzed  for h i s t a m i n e  c o n t e n t  b y  a f luo romet r i c  
m e t h o d  ~7. 

Drugs.  Colchicine (Sigma),  v i n b l a s t i n e  su l fa te  (Eli 
Lilly) a n d  c o m p o u n d  48/80 (Bur roughs  ~Vellcome) were 
dissolved in Tyrode  so lu t ion  i m m e d i a t e l y  before  use. 

Results and discussion. T he  resu l t s  in  Tab le  I a n d  I I  
show t h a t  p r e i n c u b a t i o n  of m a s t  ceils w i t h  colchicine or 
v i n b l a s t i n e  for a su i t ab le  t i m e  i n t e r v a l  i n h i b i t e d  t h e  
se lec t ive  h i s t a m i n e  release i nduced  b y  c o m p o u n d  48/80 
a n d  b y  Ascaris  deg ranu la to r .  B y  con t ras t ,  b o t h  d rugs  d id  
no t  af fec t  t h e  non-se lec t ive  h i s t a m i n e  release caused  b y  
decy lamine .  C o m p o u n d  48/80 a n d  Ascaris  d e g r a n u l a t o r  
b o t h  release h i s t a m i n e  f rom m a s t  cells w i t h i n  seconds b y  
a n  e n e r g y - d e p e n d e n t  process,  whereas  d e c y l a m i n e  is a 
surface  ac t ive  a g e n t  wh ich  d i s rup t s  m a s t  cells b y  a non-  
e n z y m a t i c  m e c h a n i s m  no t  i nvo lv ing  t he  b iochemica l  
s teps  requ i red  for g ranu le  exocytos is  xs. 

The  m e c h a n i s m  of h i s t a m i n e  release i nduced  b y  com- 
p o u n d  48/80 has  been  i n v e s t i g a t e d  in de ta i l  ~9, ~0. Morpho-  
logical  ev idence  suggests  t h a t  t he  f i rs t  e v e n t  wh ich  follows 
48/80 i n t e r a c t i o n  w i t h  cell m e m b r a n e  is a pore  f o r m a t i o n  
b y  fus ion of t h e  cell m e m b r a n e  w i t h  t h e  p e r i g r a n u l a r  
m e m b r a n e  of a d j a c e n t  granules .  E x p o s u r e  of h i s t a m i n e -  
c o n t a i n i n g  granules  to  t he  ex t race l lu la r  f luid t h e n  resu l t s  
a n d  h i s t a m i n e  is re leased b y  a s imple  ca t ion  exchange  
be tween  g ranu le  a m i n e  a n d  ex t race l lu la r  sodium.  On t h e  
basis  of th i s  m e c h a n i s m ,  i t  seems jus t i f i ed  to  e q u a t e  

h i s t a m i n e  release w i t h  d e g r a n u l a t i o n  a n d  to conc lude  t h a t  
colchicine a n d  v i n b l a s t i n e  affect  t he  d e g r a n u l a t i o n  
process,  p r o b a b l y  b y  in te r fe r ing  w i t h  m i c r o t u b u l e  
func t ion .  This  sugges t ion  is s u p p o r t e d  b y  t he  e lec t ron  
microscopic  d e m o n s t r a t i o n  of m i c r o t u b u l e s  in m a s t  cells ~1 
and  b y  the  findings13, 22 t h a t  colchicine and  v i n b l a s t i n e  
b i n d  to m i c r o t u b u l e  s u b u n i t s  wh ich  are in  equ i l ib r ium w i t h  
fo rmed  m i c r o t u b u l e s  t h e r e b y  p r e v e n t i n g  t h e i r  fo rmat ion .  

Micro tubules ,  in connec t ion  w i t h  mic rof i l aments ,  m a y  
p rov ide  a f r a m e w o r k  w h i c h  he lps  to  s u p p o r t  pe r iphe ra l  
cy top l a smic  s t r u c t u r e s  and  guide t he  m o v e m e n t s  of 
a m i n e - c o n t a i n i n g  granuIes  t owards  t h e  p l a s m a  m e m b r a n e  
or, if PADAWER'S sugges t ion  2"3 t h a t  g ranules  are s to red  in 
folds ex t e rna l  to  t he  cell p rove  to  be  correct ,  m i c r o t u b u l e s  
,.nay f a v o u r  t he  open ing  of the  fold and  ex t ru s ion  of t he  
granule .  

Riassunto. I1 r i lascio se le t t ivo  di i s t a m i n a  da  mas to r  
pe r i tonea l i  di  r a t t o  6 s i g n i f i c a t i v a m e n t e  r i do t t o  in  segui to 
a p r e i n c u b a z i o n e  delle cellule con colchic ina  o v inb l a s t i na .  
Poich6  e n t r a m b i  i f a rmac i  ag iscono a l t e r a n d o  iI g rado  di 
o rgan izzaz ione  degli  e l emen t i  s t r u t t u r a l i  del c i top lasma,  
p r i m a r i a m e n t e  i m ic ro tubu l i ,  v iene  sugger i to  che ta l l  
e l emen t i  espl icano u n  ruolo  p r e m i n e n t e  nel proeesso  di 
exoci tos i  delle a m i n e  f a rmaco log i camen te  s t r ive .  
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A S imple  Procedure  for the Preparat ion  of Ehrl ich  Asc i tes  Cells for the Induct ion of I m m u n i t y  

A l t h o u g h  E h r l i c h  asci tes  t u m o u r  (EAT) cells h a v e  been  
used ex tens ive ly  for b iochemica l  a n d  i m m u n o l o g i c a l  
s tudies ,  l i t t l e  is k n o w n  rega rd ing  t he  n a t u r e  of t h e  
an t igens  assoc ia ted  w i t h  t he  cell wh ich  are respons ib le  for 
i m m u n i z i n g  mice  aga ins t  a l e tha l  cha l lenge  w i t h  l iv ing  
ceils. As a resu l t  of i m m u n i z i n g  mice w i t h  E A T  cell 
he t e roka ryons ,  CHEN a n d  WATKINS 1 conc luded  t h a t  t he  
an t igens  respons ib le  for  p r o t e c t i n g  i m m u n i z e d  mice  f rom a 
s u b s e q u e n t  l e tha l  cha l lenge  w i t h  l iv ing  E A T  cells were no t  
of t he  class of s t rong  H-2 h i s t o c o m p a t i b i l i t y  an t igens .  
These  a u t h o r s  a t t r i b u t e d  t h e  p r o t e c t i o n  to  weak  an t i gens  
of a n  u n k n o w n  na tu r e .  

A v a r i e t y  of m e t h o d s  h a v e  been  used to p roduce  
dev i t a l i zed  asci tes  cells su i t ab le  for i m m u n i z i n g  mice2-7. 
These  m e t h o d s  suffer  f rom one or more  of t h e  fo l lowing 
d i s advan t ages .  1. The  an t igen ic  c o m p o n e n t s  m i g h t  be  
d a m a g e d  b y  t he  p rocedure  e.g. X - i r r a d i a t i o n  or chemica l  
t r e a t m e n t  r e su l t i ng  in t he  d e n a t u r a t i o n  of p r o t e i n s ;  
2. t h e  p r e p a r a t i v e  p rocedures  are i nvo lved  a n d  3. t h e  
r ecove ry  of an t igen ic  m a t e r i a l  is low. Th i s  r e p o r t  descr ibes  
a s imple,  mi ld  m e t h o d  for  t he  p r o d u c t i o n  of dev i t a l i zed  
E A T  cells wh ich  wil l  i nduce  a h igh  level  of i m m u n i t y  in  

t he  hos t  mice, w i t h  an  exce l len t  r ecovery  of an t igen ic  
ma te r i a l .  

E A T  cells were g rown rou t i ne ly  b y  serial  passage  in 
female  C F L P  mice  (Carwor th  Europe)  b y  ti le i nocu la t ion  
of 0.1 ml.  of f resh ly  d r a w n  asci t ic  f luid ( concen t r a t i on  
2 • 107 cells) i.p. The  cells were h a r v e s t e d  a f t e r  10 days.  
H y p o t o n i c  lysis  of t he  cells was  effected a f t e r  wash ing  t he  
suspens ion  twice  in P B S  (0.85% NaC1, 0.01 M p h o s p h a t e  
buf fe r  p H  7.4) a n d  s u b s e q u e n t l y  r e suspend ing  in 10 to  
20 t imes  t h e  packed  cell v o l u m e  of 0.01 M p h o s p h a t e  
buf fe r  p H  7.4. Af te r  s t a n d i n g  a t  4~ for  5 m i n  t h e  cells 
were s e d i m e n t e d  b y  cen t r i f uga t i on  a t  1,000 g for 5 ra in  a t  
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