
15.6. 1970 Specialia 617 

be f u r t h e r  increased  b y  ICI-50123 ; t he  s l igh t  fall in peps in  
o u t p u t  m a y  h a v e  resu l ted  f rom v o l u m e  changes .  I t  is of 
i n t e r e s t  t h a t  no ulcers  were seen. 

Th e  r educed  we igh t  ga in  in con t ro l  r a t s  was  p r o b a b l y  
due to  t h e  p H  of t he  in jec table .  I n  the  n i co t ine - t r ea t ed  
r a t s  the  g rea t e r  r educ t i on  in g r o w t h  can  be ascr ibed  to t he  
n ico t ine  ~6. T h e  m e c h a n i s m  of n i co t ine - induced  gas t r ic  
secre tory  s t i m u l a t i o n  w i th  chronic  exposu re  is no t  clear 
b u t  m a y  be due  to e n z y m e  i n d u c t i o n  ~7,18, for example ,  
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Body weight gain in control and nicotine-injected rats. Data are 
presented as mean values -E S.E.M. for 12 control (0) and 48 nico- 
tine-injected (�9 rats. The groups were run simultaneously but are 
separated for illustrative purposes. Day 1 for the saline {closed 
arrow) and nicotine injections (open arrow) are indicated. Control 
groups pre-injection: r, +0.9973; P<0.001;  Y, 299.8+7.8 (X, 
5.3) ; post-injection : r, + 0.9935 ; P < 0.001 ; Y, 374.3 + 5.3 (X, 16.0). 
Nicotine-injected groups - pre-iujection : r, + 0.9954; P < 0.001; Y, 
328.2 + 7.9 (X, 7.3) ; post-injection : r, + 0.9868 ; P < 0.001 ; Y, 400.7 
+4.2 (X, 19.0). 

h i s t a m i n e  4 or o the r  s u b s t a n c e s  10. R e s u l t s  p r e se n t e d  m a y  
exp la in  w h y  s m o k i n g  is a c o n t r i b u t o r y  fac tor  in t h e  
ae t io logy  a n d  hea l ing  of pept ic  ulcers  in m a n  20. 

Rdsumd. Aprbs  avoi r  re~u 300 ag  de t a r t r a t e  de n ico t ine-  
h y d r o g b n e  p e n d a n t  15 j on r s  il y eu t  des a u g m e n t a t i o n s  
s ign i f ica t ives  d a n s  le v o l u m e  du  suc  ga s t r i que  et  d a n s  la 
p r o d u c t i o n  de peps ine .  Des  in jec t ions  de n ico t ine  on 
abaiss6  t o u s l e s  p a r a m b t r e s ,  ma i s  combin6es  avec  de la 
gas t r ine  s y n t h 6 t i q u e  (ICI-50123), elles n ' o n t  a u c u n  effet.  
Les  r6 su l t a t s  p r6sen t6s  p e u v e n t  e xp l i que r  p o u r q u o i  
l ' h a b i t u d e  de f u m e r  es t  u n  f ac t eu r  c o n t r i b u a n t  ~ la fo rma-  
t ion  5 la gu6r ison des ulcbres pep t iques .  
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Effect  of  E lec tr ica l  S t i m u l a t i o n  in V P M  on S a c c h a r i n  Pre ference  and  Water  In take  in Cats  1 

Studies  h a v e  shown  t h a t  electrical  or chemica l  s t imu la -  
t ion  of the  t o n g u e  evokes  r e sponses  in t he  media l  p a r t  of 
the  nuc leus  VPIV[ of t he  t h a l a m u s  2-.~. Bi la tera l  lesions in 
the  s a m e  region p roduce  an  e leva t ion  of the  re jec t ion  
t h r e sho ld  for qu in ine  so lu t ions  as well as decreases  in 
v o l u m e  i n t ak e  of sucrose a n d  s o d i u m  chloride so lu t ions  6-8 
S tud ies  on a l i m e n t a r y  behav io r  h a v e  r epea t ed ly  po in ted  
to  the  i m p o r t a n c e  of t a s t e  in feeding  and  d r ink ing  reac- 
t ions  9-15. As a c o n t i n u a t i o n  of our  s tud ie s  on cen t ra l  
m e c h a n i s m s  re la ted  to feeding  behav io r  1~-1u, we wished  
to g a t h e r  m o re  d a t a  conce rn ing  the  role of the  p roposed  
t h a l a m i c  t a s t e  re lay  nuc leus  in a preference  behav io ra l  
s i t ua t i o n  20. 

Methods. T h e  e x p e r i m e n t s  were pe r fo rmed  on 10 a du l t  
ca t s  we igh ing  be tween  3.0 and  3.6 kg. Bipolar  s t r u t  elec- 
t rodes  were i m p l a n t e d  b i la te ra l ly  in the  med i a l  p a r t  of the  
VPM nuc leus  (A 8.5, L 3.5, H 0) in 8 ca t s  (VPM cats) a nd  
in t h e  region of n. la tera l i s  pos ter ior  (A 7.5, L 5.0, H +5.5)  
in 2 ca t s  (LP cats),  accord ing  to the  a t las  by  JASPER a nd  
AJMONE-M~ARSAN 31. E lec t rodes  were c o n s t r u c t e d  of s ta in-  
less steel  wires  (0.2 m m  in d iameter )  whose  t ips  were 
bared.  

Two weeks  af ter  surgery ,  t he  ca t s  were wa t e r -dep r ive d  
and  t h e n  t a k e n  to t he  o b s e r v a t i o n  chambe r .  Th i s  c h a m b e r  
was  p rov ided  wi th  2 feeders  loca ted  on oppos i te  sides of 
the  cage. E a c h  a n i m a l  was  t r a i ned  to press  the  ba r  a t  t he  
feeder an d  for each press  0.1 cm  a of wa te r  was  a u t o m a t i -  
cal ly del ivered.  E v e r y  d a y  t he  a n i m a l  r e m a i n e d  in t he  
e x p e r i m e n t a l  cage a b o u t  1/2 h unt i l  i t  no longer  pressed  
t he  bar .  

W h e n  t he  ca t  h a d  learned  to ba r -p res s  a n d  its w a t e r  in- 
t a ke  h a d  r eached  a c o n s t a n t  level, a s a c c ha r in  so lu t ion  
was  i n t r o d u c e d  in to  one feeder. T h e  a n i m a l  t h e n  d r a n k  
dist i l led w a t e r  or s accha r in  so lu t ion  accord ing  to i ts  pre-  
ference.  T h e  bo t t l e s  were e x c h a n g e d  e ve ry  few d a y s  to 
p r e v e n t  the  e s t a b l i s h m e n t  of a h a b i t  of d r i n k i n g  f rom 
one feeder only.  After  10 days ,  a con t ro l  series of 20 ses- 
s ions was  p e r f o r m e d  on t he  8 VPlV[ an ima l s .  D u r i n g  t he se  
sessions t he  s accha r in  c o n c e n t r a t i o n  was  inc reased  0 .1% 
daily,  b e g i n n i n g  a t  0.1% a nd  c o n t i n u i n g  un t i l  a concen-  
t r a t i o n  of 2% was  reached,  A I -week  i n t e rva l  fol lowed 
du r ing  w h ic h  t he  a n i m a l s  received w a t e r  ad  l ib i tum.  

In  a second  series of sessions,  the  VPI~  ca t s  were d iv ided  
in to  2 groups .  W i t h  t he  f i rs t  g roup  of 4 ca t s  (CWl ,  CW2, 
CW3 a nd  C\V4), sess ions  s imi la r  to  t he  a bove  con t ro l  
series were r epea t ed  excep t  t h a t  un i l a t e ra l  b ipo la r  electri-  
cal s t i m u l a t i o n  was  a d m i n i s t e r e d  t h r o u g h  t he  i m p l a n t e d  
electrodes.  Monophas ic ,  s q u a r e - w a v e  pu l ses  were de- 
l ivered f rom a Grass  s t imu la to r .  T h e  u s u a l  s t i m u l a t i o n  
p a r a m e t e r s  were 0.5-1.0 V, 20 cps a n d  1 mse c  pu l se  du ra -  
t ion.  E a c h  s t i m u l a t i o n  epoch cons i s t ed  of 15 sec s t i m u l a -  
t ion  followed b y  a 15 sec i n t e r s t i m u l a t i o n  in te rva l .  
20 s t i m u l a t i o n  epochs  were t e s t ed  da i ly  a n d  s t a r t e d  30 sec 
a f te r  t he  a n i m a l  was  b r o u g h t  in to  t h e  o b s e r v a t i o n  c h a m -  
ber.  Fol lowing s t imu la t i on ,  the  ca t  was  al lowed to  con-  
t i nue  to press  a nd  d r ink  ad l ib i tum.  

The  second g roup  of 4 VP1V[ ca t s  was  used  as a ' specia l '  
control  in wh ich  no s t i m u l a t i o n  was  applied.  Af te r  1 week,  
these  4 con t ro l  ca t s  were also used for electr ical  s t i m u l a -  
t ion  s tud ie s  of t he  V P M  area. T h e  p rocedure  was  some-  
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w h a t  d i f ferent  in these  ca ts :  one bo t t l e  con ta ined  dist i l led 
wa te r  while the  second con ta ined  sacchar in  solut ion of t he  
mos t  prefer red  concen t ra t ion  ( individual ly def ined for 
each cat).  These  were  offered to  t he  cats  in t he  experi-  
men ta l  cage for 10 days  and  in t e rchanged  as descr ibed 
above.  Af te r  1 week, the  same procedure  was r epea ted  
wi th  electrical  s t imula t ion  appl ied to the  tha lamus .  The  
remain ing  2 L P  cats  were s imilar ly tes ted .  The  sites of 
e lectrode inser t ion in the  d iencepha lon  were de t e rmined  
ana tomica l ly  by  serial sect ions of t he  bra ins  s ta ined  wi th  
the  th ion in  me thod .  

Resul ts .  Controls.  The  f irs t  cont ro l  series of sessions in a 
ca t  of the  V P M  series (Cat CW4) is graphica l ly  shown in 
the  top  of the  Figure.  This  g raph  serves as an example  of 
resul ts  ob ta ined  in the  contro l  sessions of all 10 cats.  
In i t ia l ly  t he  an imal  d rank  more  sacchar in  solut ion t h a n  
dist i l led water .  W h e n  the  concen t r a t ion  of sacchar in  be- 
came h igher  t h a n  0.7 %,  the  ca t  d rank  more  disti l led wa te r  
t h a n  saccharin.  As the  sacchar in  solut ion reached  con- 
cen t ra t ions  s t ronger  t h a n  1.3%, th is  ca t  p re fe r red  wa te r  
a lmos t  complete ly .  There  were cer ta in  individual  dif- 
ferences in re ject ion thresholds ,  b u t  general ly  t he  cats  in 
our  s t u d y  refused to  dr ink  sacchar in  s t ronger  t h a n  2%. 

Before s tudy ing  the  effects of electr ical  s t imula t ion  on 
changes  in sacchar in  preference,  controls  were pe r fo rmed  
in order  to  observe s imply  the  behaviora l  effects  of elec- 
t r ical  s t imula t ion  a t  the  si tes where  t he  electrodes were 
implan ted .  Bipolar  s t imuIa t ion  (2-3 V, 50 c/see, 1 msec  
durat ion)  evoked l icking m o v e m e n t s  of j aw and  tongue  
(a t y p e  of slow chewing) and  searching of the  floor. A 
cons is ten t  effect  of s t imula t ion  was licking, which  became  
more  p ronounced  w h e n  the  in t ens i ty  of s t imula t ion  was  
increased.  In  2 cats,  electrical  s t imula t ion  of the  Y P L  
nucleus evoked or ient ing  react ions  and  general ized exci ta-  
t ion wi th  increasing voltage.  We chose t h a t  side of t he  
t ha l amus  where  the  l icking behav ior  was evoked at  the  
lowest  intensi t ies .  S t imula t ion  p a r a m e t e r s  were t h e n  
lowered even  fu r the r  to t he  po in t  where  s t imula t ion  d id  
n o t  evoke any  visible effects.  

Electr ical  s t imulat ion.  Fol lowing the  contro l  sessions, 
the  effects  of electrical  s t imula t ion  of V P M  appl ied dai ly  
ta r  10 min  dur ing  each session were s tudied.  These results  
are i l lus t ra ted  in the  b o t t o m  graph  of the  Figure.  The ca t  
prefer red  dist i l led wa te r  over  sacchar in  solut ion at  a m u c h  
lower concen t ra t ion  t h a n  in the  control  series. This 
specific an imal  (CW4) refused to  dr ink  sacchar in  solut ion 
s t ronger  t h a n  0.2% concent ra t ion .  I t  was  cons i s ten t ly  
found  t h a t  all animals  swi tched  to  dist i l led wa te r  a t  
lower sacchar in  concen t ra t ions  upon  electrical  s t imula-  
t ion.  Cat CW2 still accepted  1.9% sacchar in  solut ion in 
t he  control  series b u t  refused to  dr ink  sacchar in  solut ion 
s t ronger  t h a n  0.4% upon  VPiV[ s t imula t ion  and  ca t  CW3 
accep ted  1.4% sacchar in  in t h e  f i rs t  series b u t  left  t he  
sacchar in  feeder  a t  0.4% concen t ra t ion  upon  electrical 
s t imula t ion .  

The resul ts  of s t imula t ion  in 3 VPlVI cats  of t he  second 
group (CW6, CW10 and  CW14) in which  only  a single 
concen t ra t ion  of sacchar in  solut ion was used t h r o u g h o u t  
all sessions were as follows: 2 cats  (CW6 and  CWl0)  af ter  
a few days  swi tched  to  dist i l led wa te r  and  only  d r a n k  
sacchar in  solut ion occasionally,  while the  t h i rd  cat  (CW14) 
showed no clear differences.  

Discuss ion .  Elect r ica l  s t imula t ion  of t he  V P M  area in 
the  t ha l amus  resul ts  in effects  which  genera l ly  are in 
accord wi th  observa t ions  of o the r  inves t igators .  HEss  ~* 
r epo r t ed  t h a t  l icking and  chewing were observed  when  
similar  loci were s t imu la t ed  in t he  media l  t ha l amu s  in 
cats.  ANDERSSON and  JEWELL~ localized the  sites of simi- 
lar  reac t ions  in the  media l  p a r t  of the  V P M  area in goats.  
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These graphs show the number of bar presses which one cat in our 
series made in order to get saccharin solution (black bars) or water 
(white bars). The top graph shows that in the control situation the 
animal prefers saccharin to water until the concentration of sac- 
charin solution reaches 0.8. However, when the VPM nucleus 
is electrically stimulated (bottom), the animal prefers saccharin 
solutions only at much lower concentrations (0.1-0.2%). 
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T h e y  obse rved  no t  on ly  l icking and  chewing,  b u t  also 
e jec t ion  m o v e m e n t s  f r o m  t h e  m o u t h  r e sembl ing  those  in-  
duced  w h e n  qu in ine  so lu t ion  is t a s ted .  T h e y  conc luded  
t h a t  t h e  s t i m u l a t e d  a rea  m u s t  be  a sensory  a n d  n o t  a 
m o t o r  s t ruc tu re ,  wh ich  l a t e r  received s u p p o r t  b y  t h e  fac t  
t h a t  p ro j ec t ions  f rom t h e  t o n g u e  were o b t a i n e d  a t  t h i s  
same  si te  ~. W e a k  s t i m u l a t i o n  of t h e  V P M  did no t  induce  
e jec t ion  m o v e m e n t s  in  our  cats .  Da i ly  s t i m u l a t i o n  in t h i s  
area,  however ,  r esu l ted  in a c o m p a r a b l e  effect. S t i m u l a t e d  
an ima l s  re jec ted  c o n c e n t r a t i o n s  of sacchar in  so lu t ions  5 
t i m e s  more  d i lu te  t h a n  controls .  This  suggests  t h a t  s t imu-  
l a t i on  p roduced  ce r t a in  sensa t ions  which,  w h e n  added  to  
t he  t a s t e  sensa t ions  of t h e  saccha r in  solut ions,  b e c a m e  un-  
des i rab le  to  the  an imal .  Lower  concen t r a t i ons  of s accha r in  

so lu t ion  coupled  w i t h  s t i m u l a t i o n  h a d  t h e  same  effect  as 
t h a t  p roduced  b y  h ighe r  c o n c e n t r a t i o n s  of s accha r in  wi th -  
o u t  s t imu la t i on .  

Zusammen[assung. Elek t r i s che  R e i z u n g  im V P M - N u -  
kleus de r  K a t z e  se tz t  die S c h w e l l e n k o n z e n t r a t i o n  be i  den-  
j en igen  Tieren,  die Saccha r in l6 sung  r e inem W a s s e r  
vorzogen,  auf fa l lend  he rab .  
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S y n a p s e s  in the  Rat  S t o m a c h  and S m a l l  In te s t ine  

I n  severa l  accoun t s  of t he  u l t r a s t r u c t u r e  of t he  myen-  
ter ic  p lexus  (AuERBACH'S plexus),  synap t i c  j unc t ions  h a v e  
occas ional ly  been  seen 1-3. I n  t he  p re sen t  research  we 
i n t e n d  to s t u d y  the  d i s t r i b u t i o n  and  re la t ive  f r equency  of 
synapses  of the  m y e n t e r i c  p lexus  in t he  r a t  s t o m a c h  
(g landula r  por t ion)  a n d  smal l  in t e s t ine  (penu l t ima te  loop). 

Spec imens  were f ixed in 5% g lu ta ra ldehyde ,  pos t - f ixed  
in o s m i u m  te t roxide ,  t h e n  d e h y d r a t e d  w i t h  e thano l  a n d  
e m b e d d e d  in a ra ld i t e  (CIBA). Sections,  s t a ined  w i th  
u r a n y l  a ce t a t e  and  lead c i t ra te ,  were obse rved  a t  a 
S iemens  1 A e lec t ron  microscope.  

Typica l  synap t i c  j u n c t i o n s  are  observed  in b o t h  seg- 
m e n t s  of t he  a l i m e n t a r y  cana l :  synapses  are morpholog i -  
cal ly recognized (and i nd i ca t ed  as ' c o n v e n t i o n a l  synapses ' )  
on  t he  basis  of the  fol lowing charac te r i s t i cs :  a) th i cken-  
ing of the  2 apposed  m e m b r a n e s  (pre- and  p o s t - s y n a p t i c  
m e m b r a n e s )  ; th i s  m a y  v a r y  f rom a p r o m i n e n t  to a mini -  
ma l  synap t i c  th icken ing ,  b) P r e - synap t i c  knobs  co n t a i n  
vesicles, wh ich  m a y  fo rm aggrega t ions  near  t he  synap t i c  
clef t ;  a l t h o u g h  ves icu la ted  ne rve  processes in t he  myen-  
ter ic  p lexus  h a v e  been  t e n t a t i v e l y  grouped  in 4 classes on  
t he  bas is  of d i f fe ren t  ves icu lar  c o n t e n t  4, no  clear  correla-  
t ion  b e t w e e n  s t r u c t u r e  a n d  pos i t ion  of synapses  and  k ind  
of ne rve  process  has  yet  been  observed,  c) Pre-  and  pos t -  
synap t i c  m e m b r a n e s  a p p e a r  qu i te  paral lel ,  wi th  an  in te r -  
v e n i n g  cleft  of a b o u t  200 A. I n  some cases e lec t ron-dense  
m a t e r i a l  occurs  b e t w e e n  pre-  and  p o s t - s y n a p t i c  mem-  
branes .  

However ,  i t  shou ld  be  m e n t i o n e d  t h a t  s y m m e t r i c a l  
m e m b r a n e  t h i cken ings  (in ne rve  processes devoid  of 
vesicles) a t  i n t e r - n e u r o n a l  or g i l a -neurona l  contac t s ,  are 
obse rved  a n d  are p rov i s iona l ly  i n t e r p r e t e d  as a t t a c h m e n t  
zones. Moreover  m a n y  ves ic le -conta in ing  ne rve  processes 
r u n  in c o n t a c t  w i t h  o the r  ne rvous  s t ruc tu res  b u t  do n o t  
show m e m b r a n e  t h i cken ings  sugges t ing  a typ ica l  s y n a p t i c  
j unc t ion .  

I n  t he  m a j o r i t y  of cases, synapses  are fo rmed  b e t w e e n  
a ves icu la ted  ne rve  process  a n d  t he  pe r i ca r ion  or a 
dendr i t e  of i n t r a m u r a l  neurons ,  a n d  are t h u s  ident i f ied  as 
axo- somat i c  (Figure 1) a n d  axo-dendr i t i c  (Figure 2) junc-  
t ions.  A smal l  n u m b e r  of j unc t i ons  could no t  be  classified. 

W e  t r i ed  to o b t a i n  q u a n t i t a t i v e  d a t a  on the  d i s t r i b u t i o n  
of synapses  in the  m y e n t e r i c  p lexus  ; for th i s  p h o t o g r a p h i c  
m o n t a g e s  were m a d e  to  get  overa l l  p ic tu res  of i n t r a m u r a l  
ganglia,  a n d  t he  n u m b e r  of synapses  per  un i t  sect ion sur-  
face or pe r  ne rve  cell coun ted .  W e  h a v e  so far  obse rved  
over  300 synapses .  On th i s  basis,  we conclude  t h a t  t he re  
are more  t h a n  6 t i m e s  as m a n y  typ ica l  synapses  in t h e  
s t o m a c h  as in t he  smal l  in tes t ine .  This  h igh ly  s ign i f ican t  

di f ference in the  n u m b e r  of s y n a p t i c  j u n c t i o n s  seems to be  
mos t ly  due to synapses  b e t w een  axons  a n d  sho r t  dend r i t e s  
(Figure 3) ; these  synapses  are a c o m m o n  occur rence  in t he  
s tomach .  

I n  conclusion,  if in t h e  smal l  i n t e s t ine  synapses  are in-  
deed so scant?,, o the r  i n t e r n e u r o n a l  connec t ions  a t  p r e s e n t  
n o t  morpholog ica l ly  de tec tab le ,  or o t h e r  t r an s mi s s ion  
mechan i sms ,  such  as d i f fus ion of t r a n s m i t t e r  ove r  long 
dis tances ,  m a y  be  a d m i t t e d .  Close c o n t a c t s  b e t w een  ne rve  
cells a t  si tes o the r  t h a n  the  morpho log ica l ly  d i f f e ren t i a t ed  
regions c o m m o n l y  recognized as synap t i c  junc t ions ,  h a v e  

Fig. 1. Rat stomach. Myenteric plexus. Synaptic junction between 
a nerve fibre and the periearion of an intramural neuron. The nerve 
process contains many agranular round vesicles partly aggregated 
near the presynaptie membrane, and a few large dense-core vesicles. 
• 40,000. 


