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Evidence  for Serotonin  ( 5 - H y d r o x y t r y p t a m i n e )  as T r a n s m i t t e r  in the Penis  Retractor  Muscle  o f  
Helix pomatia L. 
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Summary. M i c r o c h r o m a t o g r a p h y  of d a n s y l a t e d  subs t ances  was used to  e s t ima te  t h e  se ro ton in  c o n t e n t  of the  penis  
r e t r a c t o r  muscle  (PRM) of Helix pomatia. Pharmaco log ica l  d a t a  in connec t ion  w i t h  t h e  b iochemica l  resu l t s  sugges t  
t h a t  5 -HT plays  a role in  the  r egu la t ion  of t he  mechan ica l  a c t i v i t y  of the  PRM.  

T h e  s ignif icance of 5 - h y d r o x y t r y p t a m i n e  (5-Ht) as a 
phys io logica l ly  ac t ive  s u b s t a n c e  in ce r t a in  mol luscan  
ne rve -ne rve  a n d  ne rve -musc le  synapses  is genera l ly  
accep ted  (~Z?LOREy1, GERSCHt~NFELD~). 5-Ht,  t o g e t h e r  
w i t h  enzymes  for  i ts  syn thes i s  and  i ts  b r e a k d o w n ,  h a v e  
been  shown  to  occur  also in Helix cen t r a l  ne rvous  s y s t e m  
and  n e u r o m u s c u l a r  j u n c t i o n  (KERKUT et  a l ) ,  SXDDEN et  
al.% JuoRIO et  a l ) ,  OSBORNE et  al.6). However ,  t h e  ques-  

t ion  of w h e t h e r  5 -Ht  m a y  ac t  as n e u r o m u s c u l a r  t r a n s -  
m i t t e r  w i t h i n  the  penis  r e t r a c t o r  muscle  (PRM) of He- 
lix pomatia has  n o t  been  answered.  Us ing  a f luorescence 
histochemical technique, BOGUSCH ~ demonstrated a 
yellowish formaldehyde-induced fluorescence (indicative 
of 5-Ht)  w i t h i n  t h e  var icos i t ies  of n e u r o n a l  e l emen t s  in  
the  PRM.  A n  ex tens ive  b iochemica l  ana lys i s  of in t r a -  
muscu l a r  5-Ht,  as well  as a pha rmaco log ica l  t e s t  of t h e  
effect  of t h e  biogenic  amine  on  t h e  PRM,  is st i l l  lacking:  
T h e  p r e s en t  e x p e r i m e n t s  were des igned f i r s t ly  to  s t u d y  
t h e  ac t ion  of 5 -H t  on the  i so la ted  P R M  p rep a ra t i o n .  T h e  
second purpose  of t h e  p re sen t  s t u d y  was to d e t e r m i n e  t h e  
c o n c e n t r a t i o n  of 5 -Ht  in t h e  P1RM b y  t h e  sens i t ive  dansy -  
lation method (NEuHOFFS). Thirdly, the presence of free 
amino acids in this muscle was examined with regard to 
further investigations of their possible metabolic func- 
tions and/or their role in the neuromuscular transmission. 

Materials and methods. Spec imens  of Helix pomatia L. 
weighing 20-30 g inc lud ing  t h e  shells were used. T h e  
e x p e r i m e n t s  were pe r fo rmed  on t h e  i so la ted  penis  
r e t r a c t o r  muscles  of ac t ive  snails.  T h e  p r e p a r a t i o n  h a s  
been  descr ibed in de ta i l  b y  WABNITZ 9. T h e  p h a r m a c o l o g -  
ical ex p e r i men t s  were car r ied  o u t  a f te r  a n  equ i l ib ra t ion  
per iod  of 60 rain  in  o x y g e n a t e d  r inge r  so lu t ion :  NaCI 51.0 
mM/1, KC1 3.7 mM/1, CaCI~ 10.0 mM/1, MgCI~ 12.6 mM/1, 
glucose 1.0 mM/1, Tris 5.0 mM/1. The  p H  was a d j u s t e d  to 
7.2 b y  t h e  add i t i on  of N a O H .  

Auxo ton i c  con t rac t i l e  force recordings  were o b t a i n e d  
b y  us ing  a force t r ansduce r .  The  signals  wer  p h o t o g r a p h e d  
f rom a T e k t r o n i x  Type  5 103 N D u a l - B e a m  Storage  
oscilloscope. 

To ana lyze  5 -Ht  an d  free amino  acids, t h e  f resh ly  dis- 
sec ted  t issue was homogen ized  in sod ium c a r b o n a t e  buffer ,  
p H  10.0 (1 m g  per  100 ~zl) a n d  cen t r i fuged  a t  22,000 •  a t  
0~ for 30 min.  To t h e  s u p e r n a t a n t  twice  t h e  v o l u m e  of 
ace tone  was added,  v igorous ly  s h a k e n  an d  s to red  in a 
re f r igera tor  a t  - 2 8 ~  for  1 h. T h e  p I ec i p i t a t ed  p ro t e ins  
were r e m o v e d  b y  cen f r i fuga t ion  (30 min,  22,000 • g, 0 ~ ; 
4 ~1 of t h e  clear  s u p e r n a t a n t  were t r an s f e r r ed  to a c lean 
microglass  t u b e  an d  reac ted  w i t h  an  equa l  vo lume  of 
l~C-dansyl-chloride (Amersham-Buch le r ,  B r a u n s c h w e i g ;  
specific a c t i v i t y  20.3 m C i / m m o l ;  c o n c e n t r a t i o n  3 m g / m l  
acetone)  for 30 rain  a t  37 ~ in t h e  dark.  The  so lven t  was 
e v a p o r a t e d  a n d  t h e  res idue  dissolved in 5 ~xl ac tone /ace t i c  

Caffeine Caffeine§ 

Fig. 1. Tension developed by an isolated PRM preparation. The 
first contraction (a) was induced by ACh injection into the normal 
saline to final concentration of 5 • 10 -4 M. The application of 5-HT 
(10 -7 M) in addition to ACh caused relaxation of the PRM. Pre- 
exposure in 5-HT (i0 -~ M,) for i0 rain caused a transient ACh 
contraction (b). The administration of caffeine (10 -9 M) caused a 
double contraction (c), The second slow component could be relaxed 
by 5-HT (10 -7 M). 
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Composition of substances separated by microchromatography 

Spot No. Dansylated substance occurrence 

1 Taurine + + + 
2 14C-Dansyl-Chloride-impurities 
3 Arginin and ~-amino-histidin + + 
4 N-Serotonin + 
5 Glutamic acid -t- + 
6 Aspartic acid + + 
7 Glutamine + + 
8 Serine + + 
9 Asparagine + 

10 Threonine (as dansyl-OH) + 
11 Tryptophan + 
12 bis-Lysine + + + 
13 Ornithine + 
14 Glycine + + + 
15 Unknown + 
16 Alanine (as dansyl-OH) + + + 
17 GABA + 
18 Phenylalanine + 
19 bis-Histidine + 
20 Leucine + 
21 Isoleucirze + 
22 bis-Tyrosine + + 
23 bis- Serotonin + 
24 Valine + 
25 Proline + + + 
26 Unknown + 
27 Unknown + 
28 5-Hydroxyindole + 
29 Unknown + 
30 14C-Dansylehloride impurities 
31 see No. 30 

acid (3:2,  v /v) .  A l iquo t s  of 0.2 ~xl were s p o t t ed  on to  a 
corner  of a 3 •  cm po lyamide  layer  (F 1700 micro-  
p o l y a m i d e  sheet ,  Schle icher  & Schiill) an d  deve loped  b y  
two  d imens iona l  c h r o m a t o g r a p h y  ( F i g u r e  2a). T he  
f luorescen t  spots  o b t a i n e d  were m a r k e d  w i t h  a soft  
penci l  u n d e r  UV- l igh t  (254 nm) ,  sc raped  off w i t h  a spe- 
cial knife  (NEuHOFF 8) an d  i m m e d i a t e l y  t r a n s f e r r e d  in to  
vials,  w h i c h  c o n t a i n e d  10 ml  of a sc in t i l l a t ion  l iquid  (4 g 
P P O  a n d  0.1 g P O P O P  in 1 1 to luene  for  sc in t i l l a t ion  
count ing)  a n d  co u n t ed  in a P a c k a r d  l iqu id  sc in t i l l a t ion  
c o u n t i n g  spec t romete r ,  model  2425. Resu l t s  h a v e  been  
o b t a i n e d  for 8 e x p e r i m e n t s ;  a f t e r  a cor rec t ion  for quench-  
ing, t h e  r e su l t ing  c o u n t s  could  be  c o n v e r t e d  i n t o  vmoles  
of 5 -Ht  us ing  a ca l ib ra t ion  cu rve  for d a n s y l a t e d  5-Ht.  

Resu l t s  e n d  d i scuss ion .  I t  h a s  been  shown  b y  m e c h a n i c a l  
a n d  e l ec t ro my o g rap h i ca l  s tudies  t h a t  in t h e  i n t a c t  penis  
r e t r a c t o r  mu s c l e -n e rv e -b r a i n  p r e p a r a t i o n  2 d i s t i nc t  types  
of neurogen ic  el ic i ted c o n t r a c t i o n s  ex i s t :  a) a phas ic  
c o n t r a c t i o n  an d  b) a ton ic  c o n t r a c t i o n  (WABNITZ3). W i t h  
ACh an d  5 -Ht  i t  was possible  to  mimic  c o n t r a c t i o n s  in  t he  
isola ted P R M  p r e p a r a t i o n  (free of pe r iphe ra l  gangl ion  
cells) s imi la r  to  those  occur r ing  s p o n t a n e o u s l y  in t he  
i n t a c t  p r e p a r a t i o n .  

F igures  l a  an d  b show t h e  e x c i t a t o r y  effect  of ACh and  
t h e  re lax ing  ac t ion  of 5-Ht.  The  effect ive  c o n c e n t r a t i o n  of 
A C h w a s  >_ 10 -~ M a n d t h a t  of 5 -Ht  _> 10 -~ M.  Whi le  
ACh caused  a ton ic  c o n t r a c t i o n  fol lowed on ly  b y  a slow 
decrease  of t h e  tonus ,  t h e  app l i ca t ion  of b o t h  ACh a n d  
5 -Ht  i nduced  a t r a n s i e n t  con t r ac t ion .  S tud ies  of t h e  effect  
of f ac i l a to ry  an d  i n h i b i t o r y  agen ts  of chol inergic  t r a n s -  
miss ion  on  t h e  P R M  (WABNITZ 1~ as well  as t h e  d e m o n -  
s t r a t i o n  of ACh-es te rase  loca ted  on the  s a r c o l e m m a  of 
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Fig. 2. The figure shows a) the autoradiogram of the microchromatogram from the extract of the penis retractor muscle and b) the correspond- 
ing map; the numbers of the map correspond to the dansyl-compounds as shown in the Table. The direction of chromatography is indicated 
by arrows, first direction: water-formic acid (100:3 v/v), second direction: benzene-acetic acid (9:1 v/v), S: Starting point. Exposition time 
of the autoradiograms 7 days. 
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P R M  muscle  cells (BoGUSCH'I) ind ica te  t h a t  ACh m a y  
be  t h e  e x c i t a t o r y  t r a n s m i t t e r  in  t h e  PRM.  On t he  o t h e r  
h a n d ,  our  i nves t iga t ions  h a v e  s h o w n  t h a t  t h e  r e l ax ing  
effect  of 5 -Ht  could be  p o t e n t i a t e d  b y  t h e  a d m i n i s t r a t i o n  
of Li l ly  110 140 (5 • 10 -~ M) a select ive i n h i b i t o r  of 5 -H t  
u p t a k e  (WoNG12). According  to  BENNETT 13, one mecha -  
n i s m  invo lved  in i n a c t i v a t i n g  biogenic  amines  appea r s  to  
be  t he  r e - u p t a k e  in to  t he  ne rve  e n d i n g  which  ha s  re leased 
t h e m .  H i g h  a f f in i ty  u p t a k e  of biogenic  amines  h a v e  also 
been  repor ted  to exis t  in  glial  ceils. 

5 -H t  a n d  ACh are also impl i ca ted  in t he  r egu la t ion  of 
phas ic  and  ton ic  c o n t r a c t i o n s  in t he  mol luscan  s m o o t h  
muscle  p r e p a r a t i o n  of t he  an t e r i o r  byssus  r e t r a c t o r  muscle  
(ABRM) of Mytilus edulis (TwAROG 14, YORK15). MAR- 
CHAND-I)UMONT et  al. ~6 conclude  f rom t h e i r  e x p e r i m e n t s  
on  t he  A B R M  t h a t  t he  m u s c u l a r  m e m b r a n e  is necessa ry  
for  t he  re lax ing  effects  of 5 - H t  a n d  t h a t  these  effects  are  
m e d i a t e d  t h r o u g h  cyclic AMP.  The  re lax ing  m e c h a n i s m  
of t he  P R M  seems also to be  m e d i a t e d  b y  th i s  cyclic 
nucleot ide ,  f unc t ion ing  as in t r ace l lu la r  messenger .  Fig-  
u re  l c  shows t he  response  of t he  curar ized  (10 -a M) 
P R M  p r e p a r a t i o n  to caf fe ine  (10 -2) w h i c h  is k n o w n  to 
release ca lc ium f rom in t r ace t lu l a r  s to rage  si tes to  a c t i v a t e  
t he  con t rac t i l e  a p p a r a t u s  (WABNITZ ~7). T he  caffeine con-  
t r a c t i o n  could be re laxed  b y  5 -HT (Figure  l c )  and  also b y  
d i b u t y r y l  cyclic A M P  (\u e t  al. in  p r epa ra t i on )  
i n d i c a t i n g  t h a t  1 . 5 - H t  m a y  p l a y  a p a r t  in  t h e  in t race l lu la r  
ca lc ium regu la t ion  and  /or  2. 5 -H t  is able  to  release cal- 
c ium f rom t h e  con t rac t i l e  p ro te ins  (MARc~AND-DuMoNT 
et  a1.16). 

F igures  2a, b a n d  t he  Tab le  show t he  resul t s  of a 
r e p r e s e n t a t i v e  analys is  of t he  presence  of 5 -Ht  and  free 
a m i n o  acids in  t h e  P R M  o b t a i n e d  b y  t h e  sens i t ive  dansy -  
l a t ion  m e t h o d  (NEUHOFFS). F r o m  t h e  a u t o r a d i o g r a m  t h e  
occur rence  of 29 subs t ances  wh ich  h a v e  reac ted  w i t h  
l~C-dansylchlor ide in t he  e x t r a c t  of t he  h o m o g e n a t e  of a 
r e s t ing  P R M  can  be  seen. 5-Ht ,  w h i c h  occurs  as d a n s y l - N -  
se ro ton in  (Figure 2, No. 4) a n d  as dansyl-bis-serotonin 
(Figure  2, No. 23) could def in i te ly  be p roved .  B y  m easu r -  
ing t he  r a d i o a c t i v i t y  of these  two subs tances ,  t he  c o n t e n t  

of free 5 -Ht  w i t h i n  t he  P R M  could be de t e rmined .  The  
a m o u n t  of m e a s u r e d  5 -Ht  in e lec t r ica l ly  and  p h a r m a c o l o g -  
ical ly  u n t r e a t e d  muscles  was 3.3 • 0.3 ~tg/g we t  t issue.  
E lec t r ica l  s t i m u l a t i o n  (square pulses,  0.4 msec, 3V, 0.1 Hz,  
30 min)  appl ied  to t he  isola ted P R M  p r e p a r a t i o n  per fused  
w i t h  r inger  so lu t ion  c o n t a i n i n g  t he  5 -Ht  r e - u p t a k e  inh ib -  
i to r  Li l ly  110 140 p roduced  a decay  of t he  5 -Ht  c o n t e n t .  
The  a m o u n t  of measu red  5 -Hi  a f t e r  e lectr ical  and  p h a r m a -  
cological  t r e a t m e n t  was  2.1 • 0.2 ~zg/g we t  t issue.  F r o m  
our  pha rmaco log ica l  and  b iochemica l  d a t a  and  t h e  h i s to -  
chemica l  obse rva t i ons  b y  BOGUSCH 7, we can  be  r e l a t ive ly  
ce r t a in  t h a t  5 -H t  p lays  a role in  t h e  r egu la t ion  of t h e  
mechan ica l  a c t i v i t y  of t he  P R M  in vivo.  

The  fol lowing amino  acids, whose  role in  o the r  t i ssues  
as t r a n s m i t t e r  subs t ances  will be d iscussed (for rev iew 
see GERSCHENFELD~), are also found  in t h e  P R M :  
a spa r t a t e ,  ? - a m i n o b u t y r a t e ,  g l u t a m a t e ,  g lycine  a n d  t a u -  
f ine.  -Whether  a n y  of these  c o m p o u n d s  serve as neu ro -  
t r a n s m i t t e r  or are i nvo lved  in in t r ace l lu l a r  m e c h a n i s m s  
of ' c a t ch '  muscles  is no t  ye t  known,  b u t  t he i r  role is c lear ly  
w o r t h y  of i nves t i ga t i on  (vo?r WACHTENDONK e t  al., in  
p repa ra t ion ) .  

F u r t h e r m o r e ,  t he  a p p e a r a n c e  of 3 new u n i d e n t i f i e d  
subs t ances  seems to  us to  be of some in t e r e s t  because  these  
subs t ances  were found  to be  in t he  P R M  of Helix pomatia, 
as well  as in t he  A B R M  of Mytilus (I~A-PPLER et  al. is) a n d  
t h e i r  p resence  is poss ib ly  l imi ted  to  ' c a t ch '  muscles .  
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Intest inal  Absorpt ion  of Glucose  I m m e d i a t e l y  after Vincrist in Admin i s t ra t ion  in Rats  
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78 December 7975. 

Summary. Vincr i s t in  leads to  a t i m e - d e p e n d e n t  decrease  of g lucose  absorp t ion .  T h u s  i t  is no t  possible  to  combine  
e x p e r i m e n t s  which  seek s i m u l t a n e o u s  i n f o r m a t i o n  on  in t e s t i na l  a b s o r p t i o n  a n d  epi the l ia l  r ep lacemen t .  

GLICKMAN 2 could show t h a t  colchicine,  a s u b s t a n c e  
wh ich  inf luences  t h e  m i c r o t u b u l a r  sys tem,  d i m i n i s h e d  
fa t  a b s o r p t i o n  as ear ly  as 2 h a f t e r  a d m i n i s t r a t i o n  b y  
in f luenc ing  solely t he  ex t ru s ion  of t h e  chylomicrons .  The  
p r e sen t  s t u d y  was pe r fo rmed  to  i nves t i ga t e  w h e t h e r  or 
n o t  m e a s u r e m e n t  of in  v ivo  a b s o r p t i o n  of wa te r - so lub le  
s u b s t r a t e s  (glucose, Na+ a n d  K+) can  be  c o m b i n e d  w i t h  
m e a s u r e m e n t  of cell p r o d u c t i o n  accord ing  to CLARKE 3. 

Methods. 17 male  o u t b r e d  r a t s  of a W i s t a r  s t r a in  (SV 49 
Thomae ,  B iberach)  w i t h  an  ave rage  b o d y  we igh t  of 200 g 
were k e p t  u n d e r  S P F  cond i t ions  in a Trex le r  p las t ic  
i so la tor  in wire  b o t t o m  cages. On t h e  d a y  pr io r  to  in- 
ves t iga t ion ,  solid food (Al t romin  14/15 fort if ied,  Alt rogge,  
Lage Lippe)  was w i t h h e l d  a t  t he  beg inn ing  of t h e  d a r k  
per iod  (19.00 to 07.00 h) w i t h  free access to  water .  Af te r  

i .p.  p e n t o b a r b i t a l  anes thes ia ,  t he  r a t s  received an  i .v .  
i n j ec t ion  a t  09.00 h of v inc r i s t i n  (1 m g / k g  b o d y  we igh t ;  
n = 8) or a n  equa l  a m o u n t  of R i n g e r  so lu t ion  (3 ml /kg  
b o d y  we igh t ;  n = 9). Af t e r  th i s  a 15 cm j e juna l  s e g m e n t  
j u s t  d i s ta l  to  t he  l i g a m e n t u m  of Tre i t z  was  c a n n u l a t e d  
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