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s u c h  a s  p H  or  d r u g - i n d u c e d  s e n s i t i z a t i o n  t o  c u r r e n t  e f f ec t s  
(it  is p o s s i b l e  t h a t  d r u g s  a l t e r  t h e  t h r e s h o l d  o f  n e r v e  
f i b r e s  t o  t h e  e x c i t a t o r y  o r  i n h i b i t o r y  e f f e c t s  of  t h e  e j e c t i n g  
c u r r e n t s ) .  

T h e s e  r e s u l t s  o b t a i n e d  w i t h  m i c r o i o n t o p h o r e t i c  d r u g  
a d m i n i s t r a t i o n  c o n t r a s t  w i t h  t h e  p a u c i t y  of  a x o n a l  
e f f e c t s  i n d u c e d  b y  t h e s e  d r u g s  w h e n  a d d e d  to  t h e  b a t h i n g  
s o l u t i o n .  T h i s  m a y  be  e x p l a i n e d  b y  t h e  d e v e l o p m e n t  of  
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t a c h y p h y l a x i s ,  a s  o b s e r v e d  in  t h e  p r e s e n t  e x p e r i m e n t s .  
T h e r e  a r e  h o w e v e r  s c a t t e r e d  r e p o r t s  d e m o n s t r a t i n g  in  v i t r o  
a n d  in  v i v o  a x o n a l  e f f ec t s  of  a c e t y l c h o l i n e  4-6,s-1~ c a t e -  
c h o l a m i n e s  4, 6, 11, 12 h i s t a m i n e  4,13,1% a n d  s e r o t o n i n  4, la. 
T h e  a x o n a l  r e c e p t o r s  for  n e u r o a m i n e s  d i s p l a y  s p e c i f i c i t y ,  
s t e r e o s p e c i f i c i t y ,  a n d  s e l e c t i v e  b l o c k a d e  b y  spec i f i c  b l o c k -  
e rs  4. 

T h e  f u n c t i o n a l  s i g n i f i c a n c e  of  d r u g  s e n s i t i v e  a x o n a l  
r e c e p t o r s  is a t  p r e s e n t  u n c l e a r .  T h e y  m a y  be  d e v o i d  of  
f u n c t i o n ,  or  t h e y  m a y  s e r v e  as  a t a r g e t  for  t h e  a c t i o n  of  
d i f f u s i b l e  n e n r o m o d u l a t o r s  (e.g. 2 - p h e n y l e t h y l a m i n e )  
a n d  of  e x o g e n o u s  d r u g s .  

Summary. T h e  m i c r o i o n t o p h o r e t i c  a d m i n i s t r a t i o n  o f  
p u t a t i v e  n e u r o m o d u l a t o r s  ( a c e t y l c h o l i n e ,  n o r e p i n e p h r i n e ,  
d o p a m i n e ,  2 - p h e n y l e t h y l a m i n e ,  t r y p t a m i n e ,  h i s t a m i n e )  
t r i g g e r e d  f i r i n g  o r  i n h i b i t e d  o n - g o i n g  a c t i v i t y  in  i s o l a t e d  
f rog  s c i a t i c  n e r v e s .  

H .  C. SABELLI a n d  JOAN MAY 16 

Department o/Pharmacology, University o/Health 
Sciences, The Chicago Medical School and 
Department o/Anesthesiology Mount Sinai Hospital, 
2020 West Ogden Avenue, Chicago (Illinois 60672, USA), 
74 April  7975. 

The Anterior Cranial Gustatory Pathway in Fish 

I t  h a s  l o n g  b e e n  k n o w n  t h a t  t h e  l ips  of  f i sh  a re  s u p p l i e d  
b y  c r a n i a l  n e r v e s  V ( t r i g e m i n a l )  a n d  V I I  (facial) ,  a n d  t h a t  
t a s t e  b u d s  on  t h e  l ips  or  b a r b e l s  a re  i n n e r v a t e d  b y  t h e  
l a t t e r  1, 2. R e c e n t  i n v e s t i g a t i o n s  on  t h e  p e r i p h e r a l  n e u r a l  
r e s p o n s e  of f i sh  s e e m  to  s u p p o r t  t h e  i n n e r v a t i o n  of  t a s t e  
b u d s  b y  t h e  V I I t h  n e r v e  3 ~. Y e t ,  i n v e s t i g a t i o n s  w i t h  
h i g h e r  v e r t e b r a t e s  s u g g e s t  t h a t  t h e  t r i g e m i n u s  is a lso  
i n v o l v e d  in  t h e  t r a n s m i s s i o n  of t a s t e  m e s s a g e s  6, 7. L i t t l e  
a t t e n t i o n ,  h o w e v e r ,  s e e m s  to  h a v e  b e e n  g i v e n  to  t h e  
f u n c t i o n a l  d i f f e r e n c e  b e t w e e n  t h e  t r i g e m i n a l  a n d  fac ia l  
n e r v e s  in  f i sh  s. 

I n  t h i s  p a p e r ,  a n  a t t e m p t  w a s  m a d e  t o  t h r o w  l i g h t  on  
t h e  g u s t a t o r y  n e u r a l  p a t h w a y  of f i sh  f r o m  t h e  l ips  to  t h e  
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Fig. 1 a) Lateral view of the brain 
arid cranial nerves of the puffer. 
A, cerebellmn; B, midbrain; C, 
medulla oblongata; III ,  oculo- 
motor nerve; IV, trochlear nerve; 
V, trigenfinal nerve; VII, facial 
nerve; VIII, vestibular nerve; IX, 
glossopharyngeal nerve; X, vagus 
nerve. 
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Fig. 1 b) Major branches of the Vth and VIIth nerves as projected on 
the right side of the puffer. V, trigeminal nerve; a, dorsal lateralis 
root of VII ; b, eommunis root of VII ; c, ventral lateralis root of VII ; 
d, motor root of VII; 1, ramus opthalmicus superficialis (vii); 2, 
ramus palatinus facialis; 3, ramus maxillaris (V + vi i ) ;  4, ramus 
mandibularis (V + vi i ) ;  5, ramus buccalis facialis; 6, ramus hyo- 
mandibularis (V + vii) .  
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Fig. 2. Neural activity of A) trigeminal and B) eommunis nerves in 
response to stimulation of the upper lip of the puffer. Impulse dis- 
charges (lower trace) and their integrated patterns (upper trace) are 
shown. Bar under each recording indicates duration of stimulation. 
Test solutions: from top to bottom, 5• 10 -3 M uridine-5"-mono- 
phosphate, 10 -~ M proline, 2 M NaC1, 1 M NaSCN, sea water and 
touch. Data were obtained from a single specimen. 

brain,  using electrophysiological  methods .  The resul ts  
suppor t  the  view t h a t  t a s t e  messages f rom the  lips are 
t r a n s m i t t e d  b y  the  facial nerve  only. 

In  fish, t he  V t h  and V l I t h  nerve  componen t s  are so 
i n t ima te ly  un i ted  per iphera l ly  1,~ t h a t  it  is general ly  
diff icult  to  d iscr iminate  one f rom the  other.  Therefore,  
we a t t e m p t e d  to  record the  neural  ac t iv i ty  f rom inside 
the  cranium.  

Puffer ,  Fugu pardalis, were used. They  were anes the-  
t ized  b y  placing t h e m  in 0.002% MS 222 or 0.001% 4- 
a l ly l -2 -methoxypheno l  for 5 rain. The skull roof was 
opened  and  mesenchyma l  t issues were r emoved  unde r  a 
dissect ing microscope to  expose the  V t h  and  V I I t h  nerves.  
In  th is  fish, shor t ly  af ter  t he  t r igemino-facial  complex  
t r u n k  enters  the  cranium, each of the  two nerve  com- 
ponen t s  runs  separa te ly  t o w ard  a d i f ferent  center.  A t  th is  
point ,  a comple te  ident i f ica t ion  of each c o m p o n e n t  was 
possible�9 The facial nerve  comprises  4 groups of fibres, 
each runn ing  separa te ly  in to  the  bra in  (Figure l a). 
These 4 roots  of the  facialis are referred to  as communis ,  
dorsal  lateralis,  ven t ra l  lateralis,  and moto r  by  HERRICK 1. 
Using a specimen weighing abou t  50 g, the  electr ical  
ac t iv i ty  of each of these  bundles  could be recorded by  
inser t ing  an electrode in to  the  cranium, a l though technical-  
ly th is  recording is more  diff icult  t h a n  a per iphera l  one. 
The topographica l  a r r a n g e m e n t  of t he  V th  and V I I t h  
nerves  in t he  head  region is i l lus t ra ted in Figure l b .  
B o t h  r amus  maxil laris  and ramus  mandibular is ,  inner-  
va t ing  the  upper  and  lower lip respect ively,  receive fibres 
f rom the  t r igeminus  and  communi s  s imul taneously .  The 
o the r  componen t s  of the  facial nerve do no t  innerva te  the  
lips. 

To record f rom inside the  c ran ium solely the  ac t iv i ty  
of t he  fibres innerva t ing  the  upper  lip, the  ramus  pala-  
t inus,  which  receives f ibres f rom the  communis  and  
innerva tes  t he  roof of the  mouth ,  and the  ramus man d ib -  
ularis were cut  under  the  eye. The nerve  bundle  was  
hooked  on a p l a t i num wire electrode,  an indi f ferent  
e lect rode being a t t ached  on the  skull�9 The nerve ac t iv i ty  
was amplif ied,  d isplayed on a c a t h o d e - r a y  oscilloscope 
and  in t eg ra ted  wi th  an electric in tegrator .  NaC1, NaSCN,  
HC1, proline and U M P  (ur id ine-5 ' -monophosphate)  
which  p roved  to  be effective on the  lip chemorecep tors  of 
the  puffer  9, z0, were employed  as tas te  stimuli.  The sal ts  
were dissolved in dist i l led wa te r  and  the  o ther  subs tances  
were dissolved in artificial  sea water .  The tas te  solut ions 
were poured  over  t he  lip surface f rom a specially made  
funnel  w i t h  a cock. Dur ing  exper iments ,  the  gills were 
i r r igated wi th  sea water .  

Afferent  f ibres of the  communi s  were found to respond  
to all of t he  tas te  solutions,  while  those  of the  t r igeminus  
did no t  respond  to  any  of them,  except  for sal ts  a t  
ex t raord inar i ly  high concent ra t ions .  Figure  2 shows the  
nerve  discharges f rom the  communis  and  t r igeminus  and  
the i r  i n t eg ra ted  p a t t e rn s  upon  appl ica t ion  of var ious  
t a s t e  solut ions to  the  upper  lip. Sea wa te r  elicited a posi-  
t ive  response  in b o t h  nerve  prepara t ions .  However ,  th is  
response  m a y  be a t t r i b u t e d  to  a mechanica l  s t imulus  
caused by  the  process of app ly ing  sea water .  In  the  t r i -  
geminal  nerve  prepara t ion ,  t he  magn i tude  and t empora l  
p a t t e r n  of each of the  in t eg ra ted  responses  to t e s t  solu- 
t ions  are qui te  s imilar  to those  for sea wa te r  or touch.  
This suggests  t h a t  these  t r igeminal  responses  are also 
due to  the  mechanica l  st imuli .  In  t he  communis  nerve  
prepara t ion ,  in contras t ,  t he  in tegra ted  response to  each  
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of HC1, UMP, proline,  NaC1 and  NaSCN exceeds  in 
magn i tude  t h a t  to  sea water .  Also, the  nerve  discharges  
elicited by  these  act ive  t a s t e  solutions las ted for 1.5 sec 
or more  af ter  beginning  of s t imula t ion  while the  reac t ion  
to  sea water  ceased wi th in  0.5 see. The responses  ob ta ined  
here  w i th  these  t a s t e  solutions were similar  in every  
respec t  to those  recorded more  per iphera l ly  f rom the  
r amus  maxil lar is  of the  puffer,  as seen f rom Figure  3. 
Deta i led  da t a  deal ing wi th  the  la t te r  were r epor ted  
elsewhere g, 10. The resul ts  men t ioned  above suggest  t h a t  
the  t a s t e  message f rom the  upper  lip of the  puffer  to  the  
bra in  is t r a n s m i t t e d  by  the  communis  fibres. 
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Fig. 3. Neural activity of ramus Inaxillaris in response to stimulation 
of the ripper lip of the puffer. Impulse discharges (lower trace) and 
their integrated patterns (upper trace) are shown. Bar under each 
recording indicates dnration of stinmlation. 

The t r igeminus  r e sponded  ne i ther  to  2 M NaC1 nor  to 
1 M NaSCN, while the  communis  appeared  to be respon-  
sive to  bo th  the  salts solut ions (Figure 2). Still, the  tri- 
geminus  was found  to be responsive  to NaSCN a t  h igh  
concen t ra t ions  such as 3 M or more.  Similar responses  to 
salts  have  been  recorded f rom the  l ingual  nerve  (trige- 
minal) innerva t ing  the  tongue  of t he  r a t L  In  th is  case 
also, the  th resho ld  concen t ra t ion  for NaC1 is several  t imes  
h igher  t h a n  t h a t  of the  ch o rd s  t y m p a n i  (facial). In  the  
puffer,  i t  was also no ted  t h a t  the  response  to NaSCN 
deve loped  more  slowly t h a n  the  responses  of the  communis  
to o the r  tas te  solutions,  and  the  response  to  NaSCN 
las ted for a long per iod af ter  r insing of the  lip w i th  sea 
water ,  causing irreversible damage  to  the  prepara t ions .  

F r o m  the  fac t  t h a t  no responses  could be ob ta ined  
inside the  c ran ium f rom the  t r igeminus  upon  applying  
t a s te  solutions to  the  lower lip, while  posi t ive  responses  
were ob ta ined  f rom the  mandibular i s ,  i t  was  concluded 
t h a t  communis  fibres (i.e. facial nerve) are involved also 
in the  t ransmiss ion  of t a s t e  messages  f rom the  lower lip. 

Zusammen/assung. Mit Hilfe e lektrophysiologischer  Me- 
thod ik  wurde  an Fugu pardalis gepriift ,  ob Geschmacks-  
sensa t ionen yon  den L ippen  fiber Tr igeminus-  oder  
Facial isfasern dem Gehirn f ibermi t te l t  werden.  Die Ergeb-  
nisse un te r s t i i t zen  die Ansicht ,  dass  ausschliessl ich der  
Facia l i snerv  bei d iesem Vorgang  bete i l ig t  ist. 

S. KIYOHARA, I.  I{IDAKA 11 and 
T. TAMURA 12 

Fisheries Laboratory, Faculty o/Agriculture, 
Nagoya University, Nagoya (Japan); and 
Faculty o[ Fisheries, Mie University, 
Tsu, Mie (Japan), 29 April 1975. 

11 Faculty of Fisheries, Mie University, Tsu, Mie (Japan). 
1~ The authors wish to thank Director JOHN E. BARDACH, Univer- 

sity of Hawaii, for critical reading of the manuscript. This work 
was supported in part by Science Research Grants, Nos. 811009 
and 848046 from the Ministry of Education of Japan. 

Tendon Shortening in Striated Muscle 

The adap t ive  response of oral  s t r ia ted  muscle to  a 
ma in t a ined  s t r e t ch  has i m p o r t a n t  impl ica t ions  to den ta l  
pract i t ioners .  The length  of oral muscles m a y  changes  as 
a resul t  of den ta l  res tora t ive  or o r thodont ic  t r e a t m e n t  
procedures.  Growth  of bony  pa r t s  also is accompanied  
by  an increase in the  length  of associa ted muscles.  How-  
ever, only a few studies  have  a t t e m p t e d  to deal w i th  the  
adap t ive  response of skeletal  muscle to ma in t a ined  changes  
in length.  The funct ional  proper t ies  of r abb i t  l imb muscles 
were shown by  CRAWFORD1 to change  di rec t ly  w i th  an 
increase or decrease in range of mot ion  of t he  l imb. 
GOLDSPINK 2 d e m o n s t r a t e d  a reversible change  in the  
n u m b e r  of serial sarcomeres  in cat  soleus muscle corre- 
sponding  to a ma in t a ined  increase or decrease in pass ive  
muscle  tension.  Shor ten ing  of the  t endon  of r a t  l imb 
muscle  by  SCHIAFFINO s resul ted  in only  a t e m p o r a r y  
change  in muscle l eng th  and sarcomere  length.  The pre- 
sen t  s t u d y  describes changes  in muscle bel ly length,  
t endon  length,  and  muscle sarcomere  leng th  resul t ing  
f rom shor ten ing  of the  t endon  of an oral s t r i a ted  muscle.  

Material and methods. The digastr ic  (mandibular)  
muscle  of the  ma tu re  male, New Zealand whi te  r abb i t  
was  the  model  of an oral muscle selected for th is  s tudy.  
The  pai red digastr ic  muscle  has  a simple fibre ar range-  
m e n t  and a long, f lat  t endon .  The t en d o n  was shor tened  
by  ty ing  a por t ion  of i t  i s t o  a loop wi th  b lack silk suture.  
Changes  in muscle belly l eng th  and  t e n d o n  leng th  were 
observed  in th is  chronic s t u d y  b y  measur ing  the  d is tance  
be tween  meta l  markers  t h a t  were imp lan t ed  in the  muscle  
and  tendon .  The markers  were visual ized wi th  radio- 
g raphs  takeD periodically.  Detai ls  of the  t echn ique  for 
placing,  radiographing,  and  measur ing  the  d is tance  be- 
tween  the  meta l  markers  have  been  repor ted  elsewhere 4. 
Histologic  slides were p repa red  of digastr ic  muscles f rom 
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