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Characteristic High Label of Stomach Mast 
Cells after Subcutaneous Injection of 5-Hydroxy-  

tryptamine in Mice 

B y  p r e v i o u s  i n v e s t i g a t i o n s ,  m a s t  cells  in  t h e  p e r i t o n e a l  
f luid  h a v e  b e e n  s h o w n  to  be  c a p a b l e  of t a k i n g  u p  a d m i n -  
i s t e r e d  l abe l Ied  5 - h y d r o x y t r y p t a m i n e  (5-HT)  (FORANO 
e t  al. 1) o r  5 - h y d r o x y t r y p t o p h a n  (5 -HTP)  (RITZI~N e t  al. 2). 
W e  h a v e  r e c e n t l y  o b s e r v e d  t h a t  c h a r a c t e r i s t i c a l l y  s t r o n g  
r a d i o a c t i v i t y  a p p e a r e d  in  m a s t  ceils in  t h e  s t o m a c h  wal l  
fo l lowing  s u b c u t a n e o u s  or  i n t r a p e r i t o n e a l  i n j e c t i o n  of C ~4- 
5 - H T  in  mice  b y  m e a n s  of  r a d i o a u t o g r a p h y .  

A d u l t  m a l e  mice  w e r e  i n j e c t e d  s u b c u t a n e o u s l y  w i t h  
C14-5-HT ( 5 - H T - Y - C  14 c r e a t i n e  s u l p h a t e )  (sp. a. 32.0 
mc/mWI), 0.4/~c/g  b o d y  we igh t ,  o r  i n t r a p e r i t o n e a l l y  w i t h  
C14-5-HT (5 -HT-2 ' -C  1. h y d r o g e n  oxa la t e )  (sp. a. 2.5 
mc/mM), 0.5 # c / g  b o d y  we igh t .  T h e  a n i m a l s  were  sacr i -  
f i ced  u n d e r  e t h e r  na r cos i s  5, 15 a n d  30 m i n  a n d  1, 3, 6 
a n d  24 h a f t e r  i n j ec t ion .  T h e  exc i sed  s p e c i m e n s  f r o m  t h e  
a b d o m i n a l  skin,  t o n g u e ,  s t o m a c h  (pylor ic  po r t i on ) ,  d u o -  
d e n u m ,  s m a l l  a n d  la rge  i n t e s t i n e ,  hea r t ,  a n d  k i d n e y  were  
f i xed  in  10 % n e u t r a l  fo rma l in ,  e m b e d d e d  in pa ra f f i n ,  a n d  
c u t  i n t o  10 # t h i c k  sec t ions .  F o l l o w i n g  d e p a r a f f i n i z a t i o n ,  
u n s t a i n e d  s ec t i ons  were  c o a t e d  w i t h  K o d a k  A R  10 b y  t h e  
s t r i p p i n g  m e t h o d .  A f t e r  e x p o s u r e  for  1, 2 a n d  3 m o n t h s ,  
t h e  s l ides  were  d e v e l o p e d ,  f i xed  a n d  s t a i n e d  w i t h  G i e m s a  
so lu t ion .  A g ra in  c o u n t  was  m a d e  on  20 m a s t  cells each  in 
v a r i o u s  t i s sues ,  a n d  t h e  n u m b e r  of  g ra ins  w a s  r e c o r d e d  as  
t h e  a v e r a g e  n u m b e r  p e r  25 #~. T h e  n u m b e r  of  m a s t  ceils  
was  a lso  c o u n t e d  in 10 v i sua l  f ie lds  u s ing  a l i g h t  mic ro -  
s cope  w i t h  a 40 • o b j e c t i v e  a n d  a 10 • eyep iece .  

A u t o r a d i o g r a m s  s h o w e d  s c a t t e r e d  p r e s e n c e  of  h e a v y  
c o n c e n t r a t i o n s  of  s i lver  g r a i n s  in t h e  i n t e r s t i t i a l  c o n n e c -  
t i ve  t i s sues  of  s o m e  o r g a n s  a f t e r  s u b c u t a n e o u s  i n j e c t i o n  
of  CI~-5-HT (F igure) .  T h e  cells, on  w h i c h  la rge  a m o u n t s  
of  s i lver  g r a i n s  w e r e  c o n c e n t r a t e d ,  s h o w e d  s t r o n g  m e t a -  
c h r o m a s i a  fo l lowing  G i e m s a  s t a i n  a n d  were  t h e r e f o r e  con -  
s i d e r e d  as  m a s t  ceils .  B es i de s  s i l ve r  g r a i n s  on  t h e  m a s t  
cells, a m o d e r a t e  n u m b e r  of  g ra ins  w a s  d i s s e m i n a t e d  
a r o u n d  t h e  m a s t  cells,  e spec i a l l y  a f t e r  s h o r t  i n t e r v a l s  
w h i c h  were  d e c r e a s e d  a f t e r  6 h.  M a s t  ceils  in  t h e  s t o m a c h  
wai l s  s h o w e d  m a r k e d  l abe l  15 m i n  a f t e r  s u b c u t a n e o u s  
in j ec t ion ,  s t i l l  h i g h  r a d i o a c t i v i t y  e v e n  a f t e r  6 h, b u t  no  
l abe l  a f t e r  24 h (Table  I).  M a s t  cells p r e s e n t  in t h r e e  
lyers  ( s u b m u c o s a ,  m u s c u l a r i s  a n d  subse rosa )  r e v e a l e d  a 
s i m i l a r  n u m b e r  of  g ra ins  e a c h  t i m e .  As seen  f r o m  T a b l e  I 
t h e r e  were  s o m e  d i f f e r e n c e s  of  u p t a k e  of  a d m i n i s t e r e d  
C14-5-HT in m a s t  cells  of  d i f f e r e n t  o rgans .  Sk in  m a s t  cells,  
e x c e p t  in m u s c u l a r i s ,  s h o w e d  l i t t l e  if a n y  l abe l  c o m p a r e d  
to  t h e  s t o m a c h  m a s t  cells. T o n g u e  m a s t  cel ls  s h o w e d  a 
s m a l l  n u m b e r  of  g ra ins ,  b u t  a c o n s i d e r a b l e  n u m b e r  a f t e r  
24 h. A f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  (Table  I I ) ,  t h e  
s t o m a c h  m a s t  cell  e x h i b i t e d  a sma l l  a m o u n t  of  l abe l  a t  

Table I. Grain counts on the mast ceils of the stomach (submucosa, 
muscularis, subserosa), tongue, and skin (dermis, subcutaneous, 
muscularis) after subcutaneous injection of Ci4-5-hydroxytryptamine 
(0.4 ~e/g body weight). The number of grains represents the mean 

number per 25 ~2 in 20 mast cells. Exposure time 1 month 

Time after injection 

15 rain 1 h 6 h 24h 

Stomach 

submueosa 21.5 (8) 22.0 (15) 22.4 (18) 0 (20) 
muscularis 20.0 (35) 22.2 (9) 19.7 (4) 0 (2) 
subserosa 25.9 (27) 22.8(I5) 10.4 (9) 0 (1) 

Tongue 
muscularis 2.3 (65) 7.1 (58) 0.1 (76) 12.6 (60) 

Skin 

dermis 0.7 (83) 1.7 (43) 1.5 (86) 0 (100) 
subcutaneous 1.0 (127) 3.4 (37) 1.5 (69) 1.3 (55) 
muscularis 12.7 (24) 7.2 (4} 13.4(12) 7.0 (2) 

The number of mast cells in 10 visual fields using a light microscope 
with a 40 x objective and a 10 x eyepiece. 

Table II. Grain counts on the mast cells of the stomach (submucosa, 
muscularis, subserosa) after intraperitoneal injection of C14-5 - 
hydroxytryptamine (0.5 #c/g body weight). Exposure time 2 months 

Time after injection 

15 min 1 h 3 h 6 h  24h 

Stomach 

submucosa 5.7 (3) 6.0 (10) 15.1 (28) 23.2 (28) 13.5 (46) 
muscularis 0 (1) 4.8 (10) 14.7 (11) 21.7 (9) 17.3 (7) 
subserosa 0 (1) 5.6 (6) 12.8(11) 28.0 (1) 0 (0) 

Autoradiographie picture of the stomach mast cells of the mouse 
injected subcutaneously with Cl*-5-hydroxytryptamine (0.4 /zc/g 
body weight) 6 h before sacrifice. Three mast cells present in the 

subnmeosa are heavily labelled, x 370. 
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15 min,  fol lowed b y  a s l ight  increase  a t  1 h, m a x i m a l  up-  
t ake  a f te r  6 h, a n d  a cons iderab le  a m o u n t  of label  a t  24 h, 
wh ich  is m a r k e d l y  d i f fe rent  f rom the  case of s u b c u t a n e o u s  
in jec t ion .  Sk in  a n d  t o n g u e  m a s t  cells also showed m a x i m a l  
depos i t ion  s imi la r  to  s t o m a c h  m a s t  ceils a f te r  6 h, b u t  
t he i r  g ra in  n u m b e r s  were less t h a n  those  of t he  s t omach .  
The  gra in  coun t s  in  o the r  o rgans  showed  t h a t  m a s t  cells 
of t he  d u o d e n u m ,  smal l  i n t e s t ine  and  m y o c a r d i u m  h a d  
re l a t ive ly  h i g h  r ad ioac t iv i ty ,  b u t  t he  n u m b e r  of m a s t  
cells in  these  o rgans  was too  smal l  to  be  c o m p a r e d  w i t h  
the  s tomach ,  t o n g u e  a n d  skin,  wh ich  c o n t a i n e d  a con-  
s iderable  n u m b e r  (Tables I, II) .  

F r o m  our  r a d i o a u t o g r a p h i c  s t u d y  m e n t i o n e d  above ,  
the  u p t a k e  of C14-5-HT was cha rac te r i s t i ca l ly  h i g h  in t he  
s t o m a c h  m a s t  cells c o m p a r e d  w i t h  o the r  t i ssue  m a s t  ceils 
in  t he  case of s u b c u t a n e o u s  in ject ion.  I n  th i s  respec t  i t  is 
v e r y  i n t e r e s t i ng  t h a t  gas t r ic  u lce ra t ions  were r epo r t ed  
to be  caused b y  5-HT a d m i n i s t r a t i o n  (WILHELMI a, 
HEDINGER et  al. 4, and  NIKODIJI~Vld et  al. ~). Accordingly ,  
we suppose t h a t  cha rac t e r i s t i c  h igh  u p t a k e  of C~*-5-HT 
in s t o m a c h  m a s t  ceils m i g h t  be  re la ted  to t he  i nduc t i on  of 
gas t r ic  u lcera t ions .  

Our  obse rva t ions  also showed  t h a t  the re  were some dif- 
ferences of u p t a k e  of C14-5-HT in m a s t  cells accord ing  to 
t he  m e t h o d  of adm i n i s t r a t i on .  GERSHON et  al. 6 found  
t h a t  r ad ioac t ive  se ro ton in  was syn thes ized  and  b o u n d  in 
t he  m y e n t e r i c  p lexus  of t he  mouse  in te s t ine  a f te r  i n t r a -  
venous  in jec t ion  of i ts  r ad i oac t i ve  precursor  5 -HTP,  a 
r e su l t  wh ich  is en t i r e ly  d i f fe ren t  f rom our  p r e s en t  result .  
Therefore ,  i t  seems necessa ry  to  m a k e  a f u r t h e r  research  
on w h a t  connec t ions  or r e la t ions  exis t  be t w een  m a s t  cells 

a n d  t he  m y e n t e r i c  p lexus  (or ne rvous  s y s t e m  in general)  
in  t he  u p t a k e  a n d  t r a n s p o r t  of se ro ton in .  

Zusammen/assung. N a c h  s.c. u n d  i.p. I n j e k t i o n  v o n  C 14- 
5 - H y d r o x y t r y p t a m i n  an  M/iusen wurde  die Rad ioak t i v i -  
t ~ t  ve r sch iedener  Organe  a u t o r a d i o g r a p h i s c h  un t e r such t .  
L ine  cha rak te r i s t i s che  s t a rke  Rad ioak t iv i t / i t ,  welche bis 
zu 6 h anh ie l t  u n d  n a c h  24 h ve r schwand ,  wurde  bei  s.c. 
I n j e k t i o n  schon  n a c h  15 min  in den  Gewebsmas tze l l en  
der  M a g e n w a n d  Iestgestell t .  Mastze l len  andere r  Organe  
zeigten n u r  schwache  Rad ioak t iv i t / t t .  Bei  i.p. I n j e k t i o n  
t r i t t  eine verz6ger te  Spe icherung  der  r a d i o a k t i v e n  Sub-  
s t a n z  in den  Magenmas tze l l en  auf. Die cha rak te r i s t i s che  
Affinit~tt  von  Sero ton in  zu den  Magenmas t ze l l en  diirf te 
die Ursache  des expe r imen te l l en  Magengeschwfi rs  n a c h  
S e r o t o n i n b e h a n d l u n g  sein. 
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Role of 'Adreno-Ephedrine'  in the Induction of 
Persistent Vaginal Cornification 

A d r e n a l i n  (epinephr ine)  is bel ieved to  be  invo lved  in 
t he  n o r m a l  release of g o n a d o t r o p h i n  f rom the  p i t u i t a r y  1, 
to  cause  an  increase  in size of adrena l s  in  h y p o p h y s e c t o -  
mized  r a t s  ~, and  to  decrease  t he  co r t i co t roph ic  c o n t e n t  of 
b o t h  t he  p i t u i t a r y  a n d  t he  b lood  in t he  ad rena l ec tomized  
ra t s  3. In  t he  p re sen t  paper ,  t he  effect  of t he  adreno- 
ephedrine (a long-ac t ing  a d r e n a l i n  p r epa r a t i on )  in  t he  fe- 
male  sex cycle is r epor ted .  

T w e n t y - f o u r  n o r m a l  cyclic female  r a t s  were selected for 
t he  e x p e r i m e n t s  a n d  were p rov ided  w i t h  a b a l a n c e d  
v i t a m i n i z e d  d ie t  and  w a t e r  to  d r ink  ad  l ib i tum.  In  t he  
p roes t rus  phase  of the  cycle, e igh teen  of the  an ima l s  were 
sub jec t ed  to  a chronic  t r e a t m e n t  of ad r eno - ephed r ine  (1 
ml  = ad rena l i n  1 :1000 a n d  ephedr ine  15 mg) subcu t a -  
neous ly  a t  a dose level  of 0,2 m l / d a y / a n i m a l  for a 15-day 
period.  Six of the  iden t i ca l ly  sa l ine - t rea ted  an ima l s  were 
t a k e n  as controls .  Va g i na l  smears  of b o t h  the  exper imen-  
t a l  a n d  con t ro l  an ima l s  were rou t ine ly  recorded.  A t  the  
end  of t he  expe r imen t s ,  all  t he  an imal s  of respec t ive  
g roups  were sacrificed.  A t  au topsy ,  the  p i tu i t a ry ,  u te r i  
a n d  the  ad rena l s  of t he  an i m a l s  were c o m p a r e d  gravi -  
me t r i ca l ly  a n d  t he  l iver  a n d  ovar ies  his tological ly .  

I n j ec t i ons  of a d r e n o - e p h e d r i n e  a p p a r e n t l y  a n d  iden t i -  
ca l ly  i nduced  c o n s t a n t  vag i na l  corn i f ica t ion  in all t h e  
e x p e r i m e n t a l  an ima l s  (Figure) .  B u t  t he  es t rous  cycles of 
t he  sa l ine - t r ea t ed  con t ro l  an imals ,  on  the  o the r  h a n d ,  
r e m a i n e d  una l t e red .  The  a d r e n a l  we igh t  of t he  experi- 

m e n t a l  an ima l s  was s ign i f ican t ly  g rea te r  t h a n  t h a t  of the  
controls .  B u t  no  such  difference in the  p i t u i t a r y  weigh t  
of the  respect ive  groups  of an ima l s  was  noted  (Tablel.  
His tological  e x a m i n a t i o n  of t he  l iver  showed  f a t t y  infil- 
t r a t i o n  of the  p a r e n c h y m a l  cells of t he  cen t r i l obu la r  areas 
in  t h e  e x p e r i m e n t a l  animals .  Ovar ies  of t he  e x p e r i m e n t a l  
an ima l s  con t a ined  follicles of va ry ing  size b u t  lacked 
m a t u r e  corpora  lutea .  I n  add i t i on  to c o n s t a n t  cornif ica-  
t i on  of vag ina l  ep i the l ium,  a g rea te r  u t e r ine  we igh t  of the  
e x p e r i m e n t a l  an ima l s  c o m p a r e d  w i t h  t h a t  of t he  cont ro ls  
revea led  an  increased  c o n c e n t r a t i o n  of c i rcu la t ing  estro- 
gen  (Tablej.  

Days 
P=Proestrus. E =Estrus, ~I=i'letestrus. D = Oiestrus 

Graph of vaginal smears, showing apparently persistent cornification 
after adreno-ephedrine administration. 
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