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Summary. In  h ibe rna t ing  snails Helix lucorum, the  effect  of 5-HT on neurons  of an ident i f ied group is main ly  h y p e r -  
polar izat ion associated wi th  a conduc tance  increase, while, in act ive snails, the  effect  is depolar iza t ion and  a decrease  
of the  m e m b r a n e  conductance .  

Se ro ton in (5 -hydroxy t ryp tamine ,  5-HT) acts as a 
n e u r o t r a n s m i f t e r  in gas t ropods  and,  along wi th  o ther  
t r ansmi t t e r s ,  is able to  media te  bo th  exc i ta t ion  and  in- 
h ib i t ion  ~. Six types  of neura l  5-HT receptors  are re- 
por t ed  to  be involved in these  act ions  2. We p resen t  here 
results  indica t ing  t h a t  the  complex  p a t t e r n  of 5-HT 
receptors  varies a t  d i f ferent  s tages of the  life cycle of the  
snail. 

Responses of neurons of the G-group (visceral ganglion) to serotonin 

Snails No. of Responses to 5-HT Mean Ec o 
cells (mV) 

Sign ~ Membrane Es-Em b 
conductance (mV) 

Active 36 D (35) Decrease ~ - -80  --38.3 

H(1) - 

Hibernating 55 D (14) Increase 0 o r~ - -30  --41.2 

H (41) lncrease ~ - - 8 0  --43.9 

~D, depolarization; H, hyperpolarization; number of cells in paren- 
thesis, b Reversal potential for serotonin (in some instances, estimated 
by extrapolation). ~Threshold potential, i.e. critical level for action 
potential generation. 

Right ganglia Left ganglia 

Visceral ganglion A 

The investigated region of the CNS of Helix lucorum. Pedal commis- 
sures cut, the ring unfolded. 
A) Diagram showing typical positions of large and small neurons. 
G-group occupies a lobule at the root of the anal nerve. B) Responses 
of neurons to 5-HT in active snails. Blackened, D response; white 
cored, H response. Each circle represents the results of a single 
experiment (smaller neurons) or those of several experiments (larger 
identifiable cells and the G-group; see the Table). 

Materials and methods. E x p e r i m e n t s  were carr ied ou t  on 
the  isolated CNS of Helix lueorum, a l and  snail  closely 
re la ted  to Helix pomatia. Pedal  comissures  were cu t  and  
the  r ing composed  of 7 suboesophageal  ganglia  was un- 
folded and  p inned  wi th  its inner  surface u p p e r m o s t  
(Figure 1A) in the  b a t h  ch amb e r  per fused  wi th  snail  
salineK F r o m  2 to 4 neurons  were inves t iga ted  in each 
prepara t ion .  The cell was impaled  wi th  2 electrodes filled 
wi th  po ta s s ium propionate ,  one for recording and  an o t h e r  
for pass ing cur ren t  across t he  m e m b r a n e .  5-HT was  ap- 
plied to the  cell b o d y  by  pass ing a cur ren t  of 15-500 nA 
t h r o u g h  a mic rop ipe t t e  filled wi th  5-HT creat in ine  sul- 
p h a t e  (braking cur ren t  abou t  50nA). Convent iona l  re- 
cording t echn ique  was used. To decide w h e t h e r  t he  cell 
is D or H (i.e. depolar ized or hyperpo la r ized  by  the  drug), 
we considered its response to 5-HT at  th resho ld  potent ia l .  

Snails were ma in t a ined  in one of two  expe r imen ta l  
condit ions.  One group ( 'act ive snails ')  was k e p t  in t h e  
l abora to ry  a t  room t e m p e r a t u r e  and  occasional ly fed. 
Animals  of the  o the r  group ( 'h iberna t ing  snails ') were 
kep t  a t  abou t  5 ~ in a d ry  room, the i r  per i s tome closed 
wi th  a calcareous ep iphragm ; abou t  1 h before t he  experi-  
ments ,  snails were ac t iva ted  wi th  w a r m  water .  

Results and discussion. In  an earlier s t u d y  we have  
found t h a t  neurons  of an ident i f iable  cluster  (G-group, 
F i g m e  1A) produce  main ly  D responses  to  5-HT in 
act ive snails and  H responses in h ibe rna t ing  animals  ~. A 
priori,  several  possible mechan i sms  for a change  of D- 
cells to H-cells could have  been  proposed.  Resul ts  re- 
por t ed  in the  Table  show t h a t  a l te ra t ions  in the  ionic 
background  of the  responses  are r e s p o n s i b l e  for th is  
change.  

D responses in act ive snails and  H responses in hiber-  
na t ing  ones have  a similar  E s - ~  which in bo th  ins tances  
is more  negat ive  t h a n  the  th resho ld  po ten t i a l ;  the  former  
effect  is, however ,  associated wi th  a conduc tance  de- 
crease while the  la t te r  effect  is associa ted wi th  a conduc-  
t ance  increase.  By  definit ion,  th is  implies i nvo lvemen t  of 
d i f ferent  receptors3. The Table shows fur ther  t h a t  D re- 
sponses,  which are recorded f rom 25% of neurons  of t he  
G-group in h ibe rna t ing  snails, are also d i f ferent  f rom D 
responses of these  neurons  in act ive snails, as far  as ionic 
mechan i sms  are concerned.  Thus,  new species of 5-HT 
receptors  appea r  on these  neurons  dur ing  h iberna t ion .  
They  have  a re la t ively  h igh  sens i t iv i ty  to 5-HT and are 
invar iab ly  associa ted wi th  a conduc tance  increase.  A t  a 
la ter  phase  of such response,  an increase of the  i npu t  
res is tance of the  m e m b r a n e  and  a slow depolar iza t ion  can 
be seen. I t  seems, therefore,  t h a t  receptors  charac ter i s t ic  
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of these neurons in ac t ive  snails do no t  disappear  dur ing 
hibernat ion.  

We did no t  pay  special a t t en t ion  to neurons other  t han  
cells of the  G-group. Surprizingly,  in act ive  snails we 
could find only 2 H-cells in the  region out l ined in Figure  1 ; 
o ther  neurons are of D types  (Figure 1B). D responses 
are main ly  associated wi th  a conductance  decrease and 
are s imilar  to D responses of neurons of the  G-group in 
these animals.  To elicit such response, a re la t ive ly  s t rong 
current  should be applied to the  5-HT pipet te .  The re- 
sponse slowly develops and lasts somet imes  for minutes  
af ter  s topping the  5-HT ejection.  Many  p rominen t  neu- 
rons s i tuated in o ther  par ts  of the  snail  CNS have  5-HT 
receptors  of this type,  e.g. the  paired giant  metacerebra l  
ceils and the  g iant  burs t ing neuron of the  r ight  par ie ta l  
ganglion. 

The  2 H-cells  are most  p robab ly  members  of a sym- 
met r ic  pair. Each  one occupies an anter ior  posi t ion in the  
pedal  gangl ion close to the  cerebro-pedal  connect ive  
(Figure 1 t3) and is usual ly  the  largest  neuron of the  area. 
An H response is somet imes  preceded by  a short  D 
phase indica t ive  of a composi te  recept ion of 5-HT. The 

t t  response is associated wi th  a conductance  increase and 
is K+-dependent  as the  value  of ES_~T shifts to a less 
nega t ive  region when the  externa l  K+ concent ra t ion  is 
increased. So far, we could no t  ob ta in  H responses f rom 
pedal  neurons of this  area in h iberna t ing  snails. I t  seems 
therefore  t h a t  5-HT receptors of the  2 pedal  H-cells are 
also affected by  hibernat ion.  

I t  was more than  15 years  ago t h a t  KOSHTOYANTZ 5 
suggested seasonal behaviora l  changes in land pu lmona tes  
to be closely connected wi th  changes in centra l  5-HT 
mechanisms.  In  fact, considerable  var ia t ions  in the  level  
of 5-HT in the  snail bra in  have  been demonst ra ted~;  
now we present  evidence t h a t  changes in composi t ion of 
5-HT receptors occur as well. The  changeable  neurons of 
the  snail m a y  provide a simple model  sys tem for s tudying  
hormona l ly  induced modif icat ions in neural  mechanisms 
under lying behavior .  

5 KH. S. I4:0SHTOYANTZ, IZV. Akad. Nauk SSSR Ser. Biol. 3, 377 
(1961). 
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Summary. A simple and modif ied dorsal approach  me thod  has been made  in the  toad ' s  (Bu/o melanostictus) sciatic 
gast rocnemius  nerve-muscle  preparat ion.  This  me thod  incurs less blood loss, t ime consumption,  nerve  damage  and 
visceral  spoil compared  to convent iona l  ven t ra l  approach method.  

Sciat ic-gastrocnemius (SG) nerve  muscle prepara t ion  
(NMP) is commonly  used as a basic tool for s tudy ing  the  
proper  nerve  muscle funct ion (NMF) exper imenta l ly .  The  
previous  procedure  l-a, which is general ly advoca ted  in 
the  aforesaid NMP, has cer ta in  d isadvantages  over  the  
present  method.  

Ins tead  of ven t ra l  approach  (VA) in the  convent iona l  
method,  the  dorsal approach  (DA) has been made.  The  
objec t  of this me thod  is 1. m i n i m u m  blood loss; 2. ab- 
dominal  viscera is no t  d is turbed and intes t inal  contents  
does no t  come out  and spoil the  nerve;  3. less t ime  is 
required;  4. nerve  is least  damaged ;  5. the  same animal  
m a y  be used in o ther  exper iment  also; 6. s tudy  of N M F  
in v i t ro  or in v ivo  wi th  circulat ion o r  wi thou t  circulat ion 
can be performed.  

Method. The 10th ver tebra ,  known as urostyle,  was 
r emoved  from pi thed  toad  laid on the  dissecting board  
wi th  dorsal  surface uppermost .  Then  the  sciatic nerve  
(SN) on e i ther  side was exposed. A long longi tudinal  
incision was made  along the  skinfold over  the  th igh  
caused by  the  tr iceps femoris and semi-membranous  
muscles (Figure). W i t h  the  help of a glass seeker, the  
muscles, i.e. semi-membranous  and tr iceps (femoral), 
were separa ted  and SN along wi th  its corresponding 
blood vessel was revealed.  The SN was exposed by  cut t ing  
through the pyriformis muscle and was traced with the 
help of glass seeker proximally upto their termination in 
the  gas t rocnemius  muscle (GM). Then  the  ver tebrae  were 
bisected diagonal ly  into 2 symmet r ica l  halves  wi thou t  
dis turbing the  root  of the  SN on e i ther  side. SN was 

The interrupted line shows the landmark for incision of the nerve 
muscle preparation. U, urostyle; F, skin fold. 
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