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P R O  E X P E R I M E N T I S  

E X P E R I E N T I A  XXII/6  

Cytochemical and Chromatographic Demonstra-  
tion of Platelet Histamine Release by Antigen-  

Antibody Reaction in vitro 

R e c e n t l y ,  p r o c e d u r e s  h a v e  b e e n  d e v e l o p e d  in o u r  
l a b o r a t o r y  for  s t a i n i n g  h i s t a m i n e  in ceils a n d  for  i so l a t ing  
a n d  i d e n t i f y i n g  t r ace  a m o u n t s  of h i s t a m i n e  b y  m e a n s  of  
t h i n  gel e l ec t rophores i s .  T h e  p r e s e n t  r e p o r t  desc r ibes  o u r  
e m p l o y m e n t  of t he se  t e c h n i q u e s  in t h e  d e t e c t i o n  of im-  
m e d i a t e  h y p e r s e n s i t i v i t y  in  r a b b i t s .  T h e  r e su l t s  are  com-  
p a r e d  w i t h  t h o s e  o b t a i n e d  u s i n g  the  d i rec t  b a s o p h i l  tes t .  

15 y o u n g  N e w  Zea l and  a lb ino  r a b b i t s  we re  sens i t i zed  
to  a l b u m i n  b y  m e a n s  of 3 i n t r a m u s c u l a r  i n j ec t ions  of  2 m l  
of 0 .5% c rys t a l l i ne  egg a l b u m i n  in the  c o m p l e t e  F r e u n d ' s  
a d j u v a n t .  R a b b i t s ,  n u m b e r  5-15, rece ived  a f o u r t h  in- 
j ec t ion  2 m o n t h s  la ter .  10 r a b b i t s  of e q u a l  w e i g h t  a n d  sex  
d i s t r i b u t i o n  s e rved  as con t ro l s .  T h e  fo l lowing  3 in v i t r o  
t e s t s  fo r  s e n s i t i z a t i o n  w e r e  done .  

(a) Direct basophil testk H e p a r i n i z e d  (1/50,000) a r t e r i a l  
b lood  f r o m  t h e  ea r  w a s  i n c u b a t e d  w i t h  v a r y i n g  concen-  
t r a t i o n s  of c rys t a l l ine  egg a l b u m i n  for  15 ra in  a t  r o o m  
t e m p e r a t u r e  (26~ Sa l ine  con t ro l s  we re  p e r f o r m e d  
s i m u l t a n e o u s l y .  T h e  b a s o p h i l s  were  s t a ined ,  e n u m e r a t e d  
a n d  m o r p h o l o g i c a l l y  t y p e d  in to  3 c lasses :  n o r m a l ,  de-  
g r a n u l a t i n g  a n d  ' f i red ' .  A s ign i f i can t  d r o p  in t h e  a b s o l u t e  
n u m b e r  of  b a s o p h i l s  (over  50%)  a n d / o r  a s t r i k i n g  in-  
c rease  in t h e  p e r c e n t a g e  of d e g r a n u l a t e d  b a s o p h i l s  (100 %) 
as  c o m p a r e d  w i t h  t h e  sal ine con t ro l  w a  s i n t e r p r e t e d  as a 
pos i t i ve  t es t .  

(b) Platelet histamine stain. H e p a r i n i z e d  a r t e r i a l  b lood  
w a s  i n c u b a t e d  for  5 m i n  a t  37 ~ w i t h  a n d  w i t h o u t  v a r y i n g  
d i lu t i ons  of c rys t a l l ine  egg a l b u m i n  (10 .3 , 10 .4 , 10-5). 
P l a t e l e t  r i ch  p l a s m a  w a s  t h e n  s e p a r a t e d  b y  a 2~/2 m i n  
sp in  a t  2500 r p m ,  u s i n g  a m i c rocen t r i f uge .  A s m e a r  w a s  
m a d e  a n d  2 d r o p s  of 0 .2% o - p h t h a l a l d e h y d e  (OPT)  in 
para-xylene app l i ed  for  3 ra in  ~. Slides were  v iewed  in  
U V - l i g h t  (3650 A) w i t h i n  5 min ,  u s ing  a Le i tz  f l uo re scen t  

o-Phthalaldehyde-histamine thin gel electrophoretic fluorograms of 
rabbit platelet incubation studies 

Ex- Antigen Fluorogram Interpretation 
ample 

1 Egg No histamine in platelets. 
albumin ( ~  Rabbit undergoing reaction. 

Unreadable test. 
Saline 
control ( ~  

2 Egg ( ~  No histamine in platelets 
albumin exposed to albumin. Rabbit 

sensitized to albumin. Pos- 
Saline ( ~  O itive test. 
control 

3 Egg ( ~  (~)  Histamine present in plate- 
albumin lets exposed to albumin. 

Rabbit not sensitized to 
Saline 0 ~ albumin. Negative test. 
control 

Histidine Histamine 

Application 
point Cathode 

m i c r o s c o p e  ( L a b o l u x  Leitz ,  m e r c u r y  l a m p ,  H B O  200 W, 
U G  1 fi l ter) .  

I n  t h e  n o r m a l  n o n - s e n s i t i z e d  r a b b i t ,  t he  p l a t e l e t s  
f luoresce  ye l low in b o t h  t h e  a n t i g e n  a n d  sa l ine  i n c u b a t i o n  
m i x t u r e s .  I n  t h e  sens i t i zed  s t a t e  i n c u b a t i o n  w i t h  the  
a n t i g e n  leads  speci f ica l ly  to  a r e d u c t i o n  in  t he  n u m b e r  of 
p l a t e l e t s  a n d  to  an  absence  or  r e d u c t i o n  in f l u o r e s c e n t  

Representative data from direct basophil tests in vitro; rabbits 
tested 1 month after sensitization 

Sensi- Absolute basophil count b 
tized 
rab- Saline Albumin Inter- 
bits con- 10 -a preta- 

trol 15-26 ~ tion 

% cells showing degrannlation 

Saline Albumin Interpre- 
con- 10 -3 tatiort 
trol 

1 243 28 + 36 0 - 
2 140 14 + 40 54 - 
3 309 260 - 30 66 + 
4 360 228 - 80 82 
5 221 153 - 27 72 + 
6 140 81 - 37 85 + 
7 108 5 + 98 100 a 
8 165 78 + 69 77 
9 200 50 + 78 55 

10 115 125 - 27 74 
11 78 I7 + 80 57 
12 153 90 - 70 91 
13 200 90 + 51 80 a 
14 65 40 - 80 94 
15 118 43 + 60 82 

Cumulative 8 positives 4 positives 

Total I2 of 15 rabbits showing positive basophil test, i.e. the count 
dropped 50% or the number of cells showing degranulation increased 
by 100%. 

Con- Absolute basophil count b 
fro1 
rab- Saline Albumin Inter- 
bits con- 10 .3 preta- 

trol 15-26 ~ tion 

% cells showing degranulation 

Saline Albumin Interpre- 
con- 10 -a tation 
trol 

C1 408 410 - 33 33 - 
C2 143 120 - 21 37 - 
C3 290 245 - 30 35 - 
C4 273 250 24 24 - 
C5 400 312 - 22 17 - 
C6 115 125 - 77 70 
C7 80 86 - 11 14 - 
C8 183 115 - 23 13 - 
C9 201 190 - 43 43 - 
C10 209 226 - 20 24 - 

Cumulative - none positive. 

a Unreadable due to marked degranulation in control tubes. 
b Basophil count is number per mm 8. 

i 
1 W. ]3. SHELLEY and W. A. CA~o, J. Am. reed. Ass. 782, 172 {1962}. 
2 L. JUHLIN and W. B, SHELLEY, J. Histochem. Cytochem., in 

press (1966). 
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s ta in ing.  Th i s  specific r educ t i on  or d i s a p p e a r a n c e  of t he  
yel low f luorescence of the  p la t e l e t s  in the  presence  of the  
an t i gen  cons t i t u t e s  a pos i t ive  tes t .  

{c) Thin gel eIectrophoresis histamine assay. Pla t e l e t - r i ch  
p l a s m a  was o b t a i n e d  b y  sp inn ing  hepar in ized  b lood for  
10 min  a t  2500 rpm.  Al iquots  (0.5 ml) were i n c u b a t e d  for  
30 m i n  a t  37 ~ w i t h  and  w i t h o u t  egg a l b u m i n  in v a r y i n g  
concen t ra t ions .  Fol lowing th i s  a 2 m i n  h igh-speed  spin  
a t  8000 r p m  p e r m i t t e d  r e m o v a l  and  d i sca rd ing  of super -  
ha te .  Add i t i on  of 0.03 ml  of dis t i l led wa te r  re leased t he  
h i s t a m i n e  f rom res idua l  p l a t e l e t  plug. Af te r  a second 
h igh-speed  spin, t he  dist i l led w a t e r  s u p e r n a t e  was p laced  
in a 1 m m  micro-wel l  in a t h i n  aga r  gel. 10 m i n  of electro-  
phores is  (Turne r  Model  310, 200 V, 30 mA) was fol lowed 
b y  spraying ,  f i rs t  w i t h  0 . 2 N  N a O H  a n d  t h e n  w i th  1% 
0 - p h t h a l a l d e h y d e  in xylene  a. B y  read ing  w i t h  t r a n s m i t t e d  
UV- l igh t  (3650 A) i t  was possible  to  see h i s t a m i n e  as a 
d i s t i nc t  s epa ra t e  b lue  f luorescen t  spo t  (Figure) .  

Results. Direc t  basoph i l  d e g r a n u l a t i o n  tes t s  were done  
on  the  15 sensi t ized r a b b i t s  a t  1 (Table),  2, and  3 m o n t h s .  
A t  2 mon ths ,  12 of t he  r a b b i t s  st i l l  h a d  a pos i t ive  basoph i l  
t e s t  b u t  on ly  6 exh ib i t ed  a d rop  in n u m b e r  of ove r  50%.  
B y  3 m o n t h s ,  11 of the  15 r a b b i t s  sti l l  h a d  a pos i t ive  
basoph i l  tes t ,  b u t  on ly  4 showed  t he  d iagnos t ic  ba soph i l  
drop.  

A t  2 a n d  aga in  a t  3 m on t hs ,  all  15 of t he  sensi t ized 
r a b b i t s  showed a pos i t ive  p l a t e l e t  h i s t a m i n e  s t a in  tes t .  
]By con t ras t ,  all of the  con t ro l  r a b b i t s  showed  n o r m a l  

h i s t a m i n e  s t a in ing  of t he  p la t e l e t s  exposed  to  t he  egg 
a lbumin .  F ina l ly ,  i t  was possible  in 13 of these  15 r a b b i t s  
to  show on  t h i n  gel e lec t rophores i s  t h a t  p l a t e l e t s  f rom t h e  
sensi t ized r a b b i t s  re leased t he i r  h i s t a m i n e  u p o n  exposure  
to the  a lbumin .  I n  t he  o t h e r  2, h i s t a m i n e  was n o t  de- 
t e c t ab l e  in t he  p la te le t s  us ing  t he  regu la r  q u a n t i t i e s  of 
b lood employed  b y  us. None  of t he  10 con t ro l  r a b b i t s  
showed  loss of p l a t e l e t  h i s t a m i n e  w h e n  i n c u b a t e d  w i t h  
the  an t i gen  4. 

Zusammen/assung. E i n f a c h e  F / i r b e m e t h o d e  u n d  E lek-  
t r o p h o r e s e t e c h n i k  z u m  Nachweis  v o n  T h r o m b o c y t e n -  
H i s t a m i n  zur  A u f d e c k u n g  einer  a l le rg ischen ~ b e r e m p -  
f ind l i chke i t  v o m  Sofo r t -Typ :  z u m  Versuch  d i e n t e n  
gegenfiber  E l - A l b u m i n  i ibe rempf ind l i che  K a n i n c h e n ,  z u m  
Vergle ich  der  Basoph i l deg ranu l a t i ons t e s t .  
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E l e k t r i s c h e r  W i d e r s t a n d ,  A u s s e n d u r c h m e s s e r  
der  S p i t z e  u n d  W a n d s t i i r k e  v o n  G l a s - M i k r o -  

e l e k t r o d e n  ~ 

Fiir  die in t raze l lu lgre  Reg i s t r i e rung  der  e l ek t r i schen  
A k t i v i t g t  yon  E i n z e l n e u r o n e n  werden  Glas-Mikroe lek t ro-  
den  (GME) ve rwende t ,  de ren  A u s s e n d u r c h m e s s e r  (AD) 
a n  der  Spitze i m  Bere ich  v o n  0,5 /2 liegt.  Zuver lgss ige  
Messungen  der  G M E - S p i t z e  s ind d a m i t  n u r  e l ek t ronen -  
op t i sch  m6glich.  0b t i che rwe i se  wird  der  e lek t r i sche  Wide r -  
s t and  (EW) als Mass der  Sp i t zen6f fnung  der  G M E  und  
ind i r ek t  auch  des A D d e r  Spi tze  ve rwende t .  "vVir h a t t e n  
uns  zum Ziel gesetzt ,  die Bez iehung  zwischen E W  u n d  
e l ek t ronenop t i s ch  gemessenem AD zu b e s t i m m e n  und  m i t  
den  t heo re t i s ch  e r r e c h n e t e n  W e r t e n  zu vergle ichen.  Dabe i  
zeigt  sich, dass  theo re t i s che  u n d  gemessene  W e r t e  n u t  
i n n e r h a l b  eines b e s c h r g n k t e n  Bere ichs  f ibe re ins t immen.  
Von  b e s o n d e r e m  In te resse  war  der  Nachweis  eines kon-  
s t a n t e n  Verhg l tn i s ses  zwischen W a n d s t / t r k e  (WS) und  
AD im Bere ich  der  ausgezogenen  GME-Spi t ze .  

Material und Methoden. Als Ausgangsmaterial w u r d e n  
G la s r6h rchen  aus  P y r e x  7740 (Corning 9530) m i t  e inem 
AD von  1,5 m m  u n d  e inem m i t t l e r e n  Verhg l tn i s  W S  zu 
AD yon  1:6,35 ve rwende t .  Die G M E  w u r d e n  auf  e inem 
Pu l l e r  der  F i r m s  I n d u s t r i a l  Science Associates,  Ridge-  
wood, N.Y.,  he rges te l l t ;  dabe i  r e su l t i e r t en  ausgezogene  
Sp i tzen  yon  bis zu 0,2 /2 AD. Die G M E  w u r d e n  n a c h  
TAS~KI et  al. 2 m i t  3 m KC1-L6sung gefiillt. Der  elehtrische 
Widerstand wurde  m i t  der  in  e inem Nega t ive  Capac i t ance  
E l e c t r o m e t e r  (Bak  U n i t y  Ga in  Ampl i f ie r  a) e i n g e b a u t e n  
<~Voltage R a m p ~  4 gegen physiologische  Kochsa lz l6sung  
gemessen.  Die v e r w e n d e t e n  R e c h t e c k i m p u l s e  v o n  1 k H z  
e n t s p r e c h e n  in bezug  auf  die Ans t iegsze i t  e iner  50 k H z  

S inus spannung .  Diese Me thode  wurde  gew/thlt ,  weil  sie 
auch  im T i e r v e r s u c h  a n g e w e n d e t  wird. W e n n  zur  E i c h u n g  
der  A p p a r a t u r  ein b e k a n n t e r  W i d e r s t a n d  m i t  5% Tole-  
r anz  v e r w e n d e t  wird u n d  die Ablesegenau igke i t  a m  Oszil- 
loskop 2 m V  ist, be t r / ig t  die Genau igke i t  der  Me thode  
unge fgh r  13,5%. Aus e iner  Serie yon  100 G M E  war  es uns  
m6glich,  an  22 sowohl  E W  als auch  AD zu b e s t i m m e n .  

Der  Aussendurchmesser (AD) der  E l e k t r o d e n s p i t z e  
wurde  im E l e k t r o n e n m i k r o s k o p  (Typ E l m i s k o p  I) bei  
e iner  S t r a h l s p a n n u n g  yon  80 kV m i t  8000facher  Ver-  
grOsserung p h o t o g r a p h i e r t  (Figur  1A). Die Messung de r  
Sp i t zen -AD wurde  m i t  e iner  Messlupe d i r ek t  a m  N e g a t i v  
ausgef i ih r t  ( P l a t t e n  Scient ia  23D50). Bei  e iner  Mess- 
genau igke i t  yon  ~ 0,1 m m  ist  der  p rozen tua l e  Feh le r  
2,5% im Bere ich  v o n  1 /2, 5% im Bere ich  von  0,5 /2 u n d  
25% im Bere ich  y o n  0,1 #. 

Die Konstanz des Verh~iltnisses WS zu A D w u r d e  a n  
s ieben m i t  Phosphorwol f r ams l iu re  (HaP[WaO10]a) • H 2 0  
als e l e k t r o n e n m i k r o s k o p i s c h e m  K o n t r a s t m i t t e l  gef t i l l ten 
G M E  t iberpr i i f t  (F igur  1B). 

Resultate. (a) Die e l e k t r o n e n m i k r o s k o p i s c h e n  Messun-  
gen der  m i t  K o n t r a s t m i t t e l  gefi i l l ten G M E  s ind in de r  
Tabel le  zusammenges t e l l t .  Ft i r  das  v o n  uns  v e r w e n d e t e  

1 Mit Untersttitzung des Schweizerischen Nationalfonds, Projekt 
Nr. 2903. 

2 I. TASAKI, E. H. POLLEY und F. 0RREGO, J. Neurophysiol. 77, 454 
(1954), 
A. F. BAK, E[ectroenceph. clin. NeurophysioL 70, 745 (1958}. 

4 K. FRANK und M. C. ]3I~.CK~:R, in Physic~ Techniques ~n Bio- 
logical Research, Vol. V, Part A (Ed., W. L. NASTVK; Academic 
Press, New York 1964), p. 72. 


