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of reserpine, the  fus imotor  ac t iv i ty  d isappeared  s imul-  
t aneous ly  wi th  the  appearance  of t h e  r ig id i ty  in t h e  emg  
(Figure  1). 

The  spinal  reflexes were s tudied by  s t imula t ion  of the  
dorsal  root  of the  4 th  cauda l  segment  and  recording  f rom 
the  corresponding ven t r a l  root  in ra ts  l igh t ly  anaes-  
the t ized  wi th  Viadr i l  (Pfizer) and n i t rous  oxide.  Fusi-  
mo to r  a c t i v i t y  in t he  ven t r a l  roo t  and  the  gas t rocnemius  
e l ec t romyogram were also recorded.  Af te r  the  reserpine 
inject ion,  the  monosynap t i c  reflexes were s t rongly  in- 
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Fig; 2. The reflexes were recorded using two pairs of recording elec- 
trodes 9 mm apart on a coccygeal ventral root. The dorsal root was 
stimulated with a single test pulse (T) and with a conditioning pulse 
preceding the test pulse (C + T). Shock artefacts indicated by arrows. 
The spontaneous efferent discharge was also recorded from the ven- 
tral root (eft). Reserpine increased the monosynaptic reflex, abolished 
the fusimotor activity and+ induced rigidity. DOPA reversed the 

effects of reserpine. 

creased a t  the  same t ime  t h a t  r ig id i ty  appeared  and  fusi- 
m o t o r  a c t i v i t y  d isappeared  (Figure 2)9. 

I n  order  to  t e s t  whe the r  the  resul ts  had  bear ing  upon 
the  clinical s t a te  of Park insonan,  D O P A  (i00 mg/kg)  was 
in jec ted  i .v.  in t he  reserpine rats .  I t  caused a reversible  
d isappearance  of the  r igidity,  r eappearance  of  the  fusi- 
mo to r  ac t i v i t y  and reduc t ion  of the  monosynap t i c  re- 
flexes xo 

Reserpine thus  causes a shif t  f rom 7- to  ~-efferent-  
a c t i v i t y  s imul taneous ly  wi th  t he  appearance  of r igidi ty.  
The  s imilar  effects  of  D O P A  on reserpine r ig id i ty  in ra t s  
and Park insonian  r ig id i ty  suppor t  the  assumpt ion  t h a t  
t he  resul ts  gained in the  r a t  exper iments  ref lect  the  
pa thophys io logy  of Park insonism.  

All factors  discussed above  connec t  the  Park insonian  
and  the  reserpine r ig id i ty  and  indica te  an  a-r ig idi ty  in 
Parkinsonism.  

Zusammen/assung. E i n  parkinsonghnl iches  S y n d r o m  
yon Akinesie,  Rigidi t / i t  und T r e m o r  wurde  in R a t t e n  
durch  Reserp in  induzier t .  Gleichzei t ig mi t  d e m  Auf t r e t en  
der  Rigidit~Lt wurde  die spon tane  Ak t iv i t~ t  der  e inzelnen 
7-Efferenen zum St i l l s tand gebracht ,  weil  die mono-  
synapt i schen  Ref lexe  ges te iger t  geworden  waren.  Das 
reserpininduzier te  akinet ische  Synd rom ste l l t  also Pine a- 
Rigidi t i i t  dar.  

Die /~hnlichkeit  der  Wi rkung  yon  L-DOPA auf  das 
reserpininduzier te  S y n d r o m  und  das  Pa rk insonsyndrom 
bei  Menschen l~sst eine gemeinsame Pa thophys io log ie  
ve rmuten .  

G. STEG 

Department of Physiology, University o/Giiteborg (Sweden), 
August 74, 1963. 

9 G. STEG, Acta physiol, scand., to be published. 
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M a s t  C e l l s  a n d  M o n o a m i n e s  

S t u d i e s  on the  h u m a n  skin suggest  tha t ,  besides the  
adrenergic  nerves,  there  exis t  local t issue stores of some 
m o n o a m i n e  which  m a y  be a vasoconst r ic tor ,  and t h a t  
these stores m a y  be  represented  by  chromai f in  cells ~-5. 
The  cells m a y  belong to the  group k n o w n  as ' i issue m a s t  
cells 's,7. The  existence,  of chromaff in  cells in t he  h u m a n  
skin has  been ques t ioned  s 

W i t h  the  use of h igh ly  sensi t ive and specific fluores- 
cence me thods  g-18 for t he  d i rec t  demons t r a t ion  of  mono-  
amines  and some of the i r  precursors  (e.g. L-dopa) a t  the  
cel lular  level,  we h a v e  s ta r ted  exper iments  to  e lucidate  
t he  exis tence and  significance of local m o n o a m i n e  stores 
in the  tissues - especial ly the  skin - of mammals .  Some of 
the  results  ob ta ined  are repor ted  brief ly in this  paper .  Un-  
less o therwise  s ta ted ,  t he  t issues were  freeze-dried,  t r ea t ed  
wi th  fo rmaldehyde  gas, embedded  in paraffin,  sect ioned 
and m o u n t e d  for f luorescence microscopy according to  the  
fo rma ldehyde  m e t h o d  t°-x~. Catecholamines  and  5-hy- 
d r o x y t r y p t a m i n e  (5-HT) are  in this w a y  conver ted  to in- 
tens'ely f luorescent  3 ,4-dihydroisoquinol ines  (green) and a 
3,4-dihydro-f l-carboline (yellow), r espec t ive ly  la. 

Only  two monoamine-s to r ing  s t ructures  have  been 
found so far in the  skin of mouse,  rat ,  guinea-pig,  hamster ,  

r abb i t  and ca t :  (1) Adrenergic  nerves,  which h a v e  in thei r  
t e rmina l s  v e r y  h igh  concent ra t ions  of  noradrenal ine  ~1, 
and (2) specific cells t h a t  on the  basis of the i r  s ta ining 
wi th  As t rab lau  (at p H  0.2 according to BLOOM and 
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KELLY 14) and their strong metachromasia (toluidine blue 
staining) must be classified as mast  cells. In mouse and 
rat, most if not  all of the mast  cells develop an intense 
yellow fluorescence, which is no doubt  due to 5-HT n,18 
well known to be present in high concentrations in these 
cells. Most of the mast cells in hamster and rabbit skin, on 
the other hand, show a moderate and weak to very weak 
green fluorescence, respectively. The characteristics of the 
fluorescence reaction and the properties of the fluorescent 
products il,is,ls strongly support  the view tha t  these 
cells contain a primary catecholamine. No evidence 
for the presence of adrenaline was obtained in experi- 
ments with another fluorescence method °. The fact 
that  the fluorescence reaction is very markedly reduced 
2 4 h  after administration of reserpine (25 and 5 mg/kg, 
respectively) is further evidence tha t  it is due to some 
monoamine. 

After the administration of L-dopa (50 mg/kg subcuta- 
neously), the mast ceils tha t  in normal rabbits only flu- 
oresce weakly develop an intense and brill iant green (to 
yellow-green) fluorescence (Figure 1). I t  could then be  
clearly seen tha t  the fluorescent products, which on the 
basis of the histochemical criteria must derive from dopa 
itself or from primary catecholamines, are localized to the 
cytoplasmic granules (Figure 4). I t  was then easier also to 
identify the cells as mast  cells. (The sections were first 
photographed in the fluorescence microscope, then stained 
With Astrablau or toluidine blue and photographed again. 
The increase in fluorescence observed after dopa admin- 
istration became marked after 30 rain, reached a maxi- 
mum within 2 h and then showed no definite changes for 
24 h. A fairly marked increase was observed already after 
a dose of 5 mg/kg. A similar increase was produced also 
by I)-dopa but  at  a ten times higher dose level. The ad- 
ministration of dopamine (75 mg]kg subcutaneously, 30 
alin to 6 h), on the other hand, caused no increase in fluor- 
escence. If reserpine (5 mg/kg i.v.) was given 2 to 12 h be- 
fore the injection of dopa, no or only a slight increase was 
observed 4 to 12 h later. Inversely, the intense fluores- 
cence tha t  develops after dopa administration was very 
raarkedly reduced and sometimes practically abolished 8 
to 9 h a*ter the injection of reserpine. If  the potent  dopa 
decarboxylase inhibitor NSD 1015 ie, IT (100 mg/kg intra- 
peritoneally) was given 1 h before dopa and the animals 
Were killed 1 h later, it prevented the increase in fluores- 
cence intensity otherwise observed. This effect was par- 
tially overcome if the dose of dopa was increased to 100 
rag/kg and the animals were killed 2 h later. 

The mast cells in hamster skin were examined in a simi- 
lar way. All the mast cells tha t  normally showed a distinct 
fluorescence developed a very much stronger fluorescence 
after the administrat ion of dopa (Figures 2 and 3). 

The amine metabolizing capacity of the specific mast  
Cells is thus clearly demonstrated. The results obtained 
give further support  to the view tha t  they normally con- 
tain low concentrations of a primary catecholamine. There 
is little doubt  tha t  the cells are able to take up large 
amounts of L-dopa, but  not  dopamine. The experiments 
With reserpine and NSD 1015 indicate tha t  the dopa taken 
Up cannot be retained by the cells but  is rapidly decar- 
hoxylated to pr imary amines which can be retained and 
Stored in high concentrations in the cytoplasmic granules. 
l~eserpine both blocks this amine storage and depletes the 
Stores formed before its administration. 

The cells thus seem to have the specific characteristics 
of monoamine-forming cells which can take up L-dopa, 
COntain dopa decarboxylase and have an amine storage 
.raechanism tha t  is blocked by reserpine. None of the find- 
lrlgs obtained so far conflict with this view, and we hope 

tha t  further evidence will be forthcoming in the continued 
experiments. 

The mast  cells in cat skin show a very weak green fluor- 
escence or none at all. The fluorescence was not observed 
in reserpinized animals (5 mg/kg, 24 h). After administra- 
tion of L-dopa (100 mg/kg subcutaneously, 2 to 6 h) many 
of the mast cells exhibited a strong green fluorescence ( n o t  

Fig. 1. Skin of rabbit ear 24 h after administration of L-dopa (50 
mg/kg). Strongly fluorescent mast cells, x 165. 

Fig. 2. Skin of hamster ear 1 h after administration of L-dopa. 
Abundant mast cells with strong fluorescence. × 165. 

Fig. 3. Skin of hamster hind foot 7 h after administration of L-dopa. 
× 165. 

Fig. 4. Skin of hamster ear 4 h after administration of L-dopa. x 660. 
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Tissues Rat (4) Guinea-pig (8) Hamster (7) Rabbit (4) Cat (3) 

1 2 1 2 1 2 1 2 1 2 

Skin, ear 2+ 100 2+ 0 4+ 50-75 2+ 80- 90 4+ 5-  10 
Skin, feet 1+" 0 2+ 40-50 1+ 70- 80 3+ 30- 50 
Skin, nose 2+ 0 2+ 30-50 1 + 90-100 2+ 80- 90 
Skin, abdomen 1+ 0 2+ 5-15 1+ 90-100 2+ 10- 20 
Skin, thigh 1+ 0 2+ 5-15 I+ 80- 90 2+ 10- 20 
Soles of the feet 2+ 0 1+ 30-50 I+  80- 90 
Tongue 3 + I00 1 + 0 3+ 0 Few 100 2 + 90-I00 
Oesophagus 2+ 100 1+ 0 2+ 0 2+ 20- 30 
Inf. nasal eoneha 14- 0 Few 0 1+ 90-100 
Cheek pouch 3+ 0 

1. Relative mast cell content (staining with Astrablau). 2. Number of mast ceils (in % of the total number) which became strongly 
fluorescent 2 to 4 h after administration of L-dopa (rabbit 50 mg/kg, the others 100 mg/kg). The rats were not treated with dopa. The 
figures in parentheses are the number of animals examined. 

so i n t ense  as t h a t  in  r a b b i t s  t r e a t e d  w i t h  lower  doses of 
dopa) ,  I n  guinea-pig, on  t h e  o t h e r  h a n d ,  all t h e  m a s t  cells 
in  t h e  sk in  were non - f luo re scen t  e v e n  a f t e r  t h i s  large  dose 
of clops. 

T h e  m a s t  cells in  t h e  o u t e r  layers  of t h e  ear  sk in  of 
hamster are  al l  p r ac t i c a l l y  of t h e  specif ic  t y p e  desc r ibed  
above .  However ,  m o s t  oI t h e  cells in  t h e  deepes t  layers  do 
n o t  deve lop  a n y  f luorescence  a t  al l  - even  a f t e r  t h e  ad -  
m i n i s t r a t i o n  of a large  dose of d o p a  (100 mg/kg) .  B o t h  
t y p e s  are  p r e s e n t  in  o t h e r  sk in  a reas  a n d  t he  a m i n e  cells 
are  u sua l ly  loca ted  in  t h e  s u b e p i d e r m a l  t issue.  I n  some 
t i ssues  of t h e  h a m s t e r ,  t h e  p i c t u r e  is qu i t e  d i f fe rent .  I n  t h e  
m u c o s a  of t h e  cheek  pouch ,  t o n g u e  a n d  oesophagus ,  t h e r e  
a re  a g r e a t  n u m b e r  of m a s t  ceils, al l  of w h i c h  be long  to  t h e  
t y p e  w h i c h  does  n o t  deve lop  f luorescence  e v e n  a f t e r  d o p a  
a d m i n i s t r a t i o n .  

T h e  g roup  classified as ' m a s t  cells '  on  t h e  basis  of t h e  
s t a in ing  p roper t i e s  of t h e i r  granules ,  t h u s  seems to con-  
t a i n  two  d i s t i n c t l y  d i f f e ren t  t ypes  of cells. Th i s  v iew is 
s t r o n g l y  s u p p o r t e d  b y  t h e  f ind ings  o b t a i n e d  w h e n  closer 
e x a m i n a t i o n s  were  m a d e  of t h e  m a s t  cell p o p u l a t i o n  in  
d i f f e ren t  sk in  a reas  a n d  some o t h e r  t i s sues  (Table) .  B o t h  
t y p e s  were r ead i l y  o b s e r v e d  in  c a t  a n d  h a m s t e r  bu t ,  as  
seen  in t h e  Table ,  t h e  two  species d i f fe r  as r ega rds  t h e  
loca l iza t ion  of t h e  a m i n e  cells. In  r a b b i t  m o s t  of t h e  m a s t  
cells h a v e  so far  b e e n  found  to  be long  to th i s  ca tegory ,  I n  
c o n t r a s t  to  o t h e r  an imals ,  t h e  gu inea -p ig  does n o t  seem 
to  h a v e  a n y  m a s t  cells of t he  a m i n e  t y p e  a t  all. All  of t h e  
A s t r a b l a u - p o s i t i v e  cells in  t he  r a t  t i s sues  e x a m i n e d  before  
t h e  a d m i n i s t r a t i o n  of dopa ,  on  t he  o t h e r  h a n d ,  showed  a n  
in t ense  f luorescence w h i c h  no  d o u b t  was  due  to  5-HT.  I n  
t h i s  c o n n e c t i o n  i t  is of g r e a t  i n t e r e s t  t h a t  t h e  new t y p e  of 
c h r o m a f f i n  cells s to r ing  d o p a m i n e ,  d i scovered  18 some 
years  ago in t he  t i ssues  of r u m i n a n t s ,  ha s  now  also b e e n  
def in i t e ly  p r o v e d  ~0 to be long  to  t he  m a s t  cell group.  No 
closer e x a m i n a t i o n  of t h e  m a s t  cell p o p u l a t i o n  in these  
species h a s  as ye t  been  made.  

The re  is t h u s  good ev idence  t h a t ;  w i t h  one excep t ion ,  
all  m a m m a l i a n  species so f a r  e x a m i n e d  w i t h  a d e q u a t e  
m e t h o d s  h a v e  local  t i s sue  s tores  of m o n o a m i n e s  in a sys-  
t e m  of specif ic  cells w h i c h  be long  to  t h e  large  g roup  k n o w n  
as ' t i s sue  m a s t  cells ' .  These  cells seem to  h a v e  t h e  specific 
cha rac t e r i s t i c s  of m o n o a m i n e - f o r m i n g  cells. I n  t h r ee  of 
t h e  four  species closely e x a m i n e d  w i t h  d i rec t  m e t h o d s  in 
the  p r e s e n t  work,  t h i s  cell s y s t e m  has  been  found  to  con-  
s t i t u t e  on ly  a p a r t  of t h e  m a s t  cells. On  t he  o t h e r  h a n d ,  
no  a m i n e - f o r m i n g  m a s t  cells h a v e  so fa r  b e e n  de t ec t ed  in  
t h e  guinea-pig .  F r o m  a b iochemica l  p o i n t  of view, t h e  
t i ssue  m a s t  ceils t h u s  seem to  be  a he t e rogeneous  group,  

c o n t a i n i n g  a t  l eas t  two  d i s t i n c t l y  d i f fe ren t  cell types .  
E l e c t r o n  microscopic  o b s e r v a t i o n s  on  h u m a n  m a s t  cells 
h a v e  p rev ious ly  r evea led  two  types  of cells w i t h  d i f fe ren t  
m o r p h o l o g y  6, ~. 

T h e  specific m a s t  cells in  r u m i n a n t s  (chromaff in)  a n d  
r a t  h a v e  h i g h  c o n c e n t r a t i o n s  of d o p a m i n e  a n d  5-HT,  re-  
spec t ive ly .  I n  h a m s t e r  t h e y  seem to  c o n t a i n  fa i r ly  large  
a m o u n t s  of a p r i m a r y  ca t echo l amine .  I n  r a b b i t  a n d  ca t ,  
on  t he  o t h e r  h a n d ,  t h e y  seem to  h a v e  a low c o n t e n t  of 
some a m i n e  be long ing  to  th i s  c a t e g o r y  bu t ,  in  sp i te  of 
this ,  h a v e  a h i g h  c a p a c i t y  to  s to re  some m o n o a m i n e  
fo rmed  in t h e m  f rom L-dOpa. W e  a re  the re fo re  work ing  
w i t h  t h e  h y p o t h e s i s  t h a t  t h e  a m i n e s  d e m o n s t r a t e d  in  t h e  
u n t r e a t e d  a n i m a l s  are  i n t e r m e d i a t e  m e t a b o l i t e s  a n d  t h a t  
t h e  f ina l  p r o d u c t  n o r m a l l y  s to red  in  t he  cells is a ca te -  
c h o l a m i n e  w h i c h  c a n n o t  condense  w i t h  f o r m a l d e h y d e  b u t  
m a y  fo rm d a r k  p i g m e n t s  on  o x i d a t i o n  w i t h  b i c h r o m a t e  
(see t he  i n t roduc t ion ) .  W i t h  t he  use of mode l  sys tems ,  we 
h a v e  found  ( u n p u b l i s h e d  da ta )  t h a t  c a t e c h o l a m i n e s  w h i c h  
are  t e r t i a r y  a m i n e s  fulfill  b o t h  these  r e q u i r e m e n t s .  Chem-  
ical  d e t e r m i n a t i o n s  will  be  m a d e  to  t e s t  t h e  h y p o t h e s i s  ~o. 

Zusammen/assung. Mit  e ine r  A u s n a h m e  sche inen  alte 
A r t e n  y o n  Sguget ie ren ,  die m i t  v e r g l e i c h b a r e n  M e t h o d e n  
u n t e r s u c h t  w o r d e n  sind,  lokale  Gewebs l age r  ,con Mono-  
a m i n e n  zu h a b e n  in  e i n e m  S y s t e m  y o n  spez i f i schen  Zellen, 
die zur  grossen  G r u p p e  de r  G e w e b s m a s t z e l l e n  geh6ren .  
Diese Zellen sche inen  die spezi f i schen M e r k m a l e  de r  m o n o -  
a m i n b i l d e n d e n  Zellen zu bes i tzen .  B i o c h e m i s c h  sche inen  
die G e w e b s m a s t z e l l e n  a n  e iner  h e t e r o g e n e n  G r u p p e  zu ge- 
h6ren ,  die aus  wen igs t ens  zwei g a n z  v e r s c h i e d e n e n  Zell- 
t y p e n  b e s t e h t .  
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