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Summary. The fine structure of the saccular macula of the gold fish has been studied by 
means of the electron microscope. 

The sensory epithelium of the maeula consists of sensory cells and supporting cells. The 
surface of the sensory cell is studded with a group of sensory hairs consisting of one kino- 
cilium and 50---60 stereoeilia. In the dorsal half of the macula, the kino-cilium is located at 
the dorsal end of the sensory hair group. In the ventral half of the macula, the kino-cilium 
is located at the ventral end of the sensory hair group. In  the intermediary portion of the 
macula, the sensory cells with opposite polarities are situated side-by-side. The relation be- 
tween the microphonic potential and the position of the kino-cilium has been discussed. 

Two types of nerve terminals are found situated on the basal surface of the receptor 
cells. The one contains no synaptic vesicle and the other contains a cluster of synaptic 
vesicles and a few cored vesicles. I t  is considered that  the former corresponds to the afferent 
nerve terminal and the latter to the efferent one. 

The  famil ies  of the  te leos t  fishes cal led os ta r iophys i  are  k n o w n  to be more  
capable  of hear ing  sound  t h a n  the  res t  of fishes (v. FI~ISCH, 1936). The  phys io logy  
of hear ing  in  the  o s t a r iophys i  has  been much  clarif ied recen t ly  (FuI~uxAwA and  
IsI~II, 1967). The  v i b r a t i o n  of the  swim b ladde r  caused b y  the  sound  is t r ans fe r red  
to  t he  pressure  changes of the  e n d o l y m p h  of the  saeculus m e d i a t e d  b y  the  
W e b c r ' s  a u d i t o r y  ossicles a n d  t hen  the  i nward  and  ou tw a rd  f leet ion of the  mem- 
b ranous  p a r t  of the  saccular  capsule is caused. F ina l l y  these  changes l ead  to  the  
ver t i ca l  m o v e m e n t  of t he  saccular  o to l i th  which is a t t a c h e d  to  the  m e m b r a n o u s  
p a r t  of the  capsule.  The  u p w a r d  m o v e m e n t  of the  o to l i th  is resu l ted  b y  the  
compress ion phase  of the  sound  while the  m o v e m e n t  of the  reverse  d i rec t ion  is 
caused b y  the  r a re fac t ion  of the  sound.  The t ips  of the  sensory hairs  of the  
saccular  maeu la  which  is loca ted  in the  saggi ta l  p lane  along wi th  the  b o d y  axis,  
touch  to  the  l a t e ra l  surface of the  o to l i th  (Fig. 1). Thus  the  ver t ica l  m o v e m e n t  of 
the  o to l i th  s t imu la t e s  the  sensory cells of the  macula .  I t  is pa r t i cu l a r ly  in te res t ing  
t h a t  the  microphonic  po ten t i a l  r ecorded  f rom the  dorsa l  half  of t he  macu la  is 
d i f ferent  b y  180 ~ in  the  phase  f rom t h a t  recorded  f rom the  ven t ra l  hal f  of the  ma-  
cula. Whereas  a combined  microphonic  po ten t i a l  of twice f requency  is o b t a i n e d  
when i t  is recorded  f rom the  i n t e r m e d i a r y  por t ion  of the  macu la  (FuRuKAwA 
and  I s~I I ,  1967). 

The  fine s t ruc tu re  of the  saeeular  macu l a  of a non-os ta r iophys i ,  a ray ,  has  been 
descr ibed  b y  LOW~I~sT~IN e ta / .  (1964). They  d e m o n s t r a t e d  t h a t  the  ha i r  cells are 
a r ranged  in two separa te  rows which run  along the  long i tud ina l  axis  of the  macula ,  
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Fig. 1. The left half of the scheme shows the arrangement of sensory hairs in the saccular 
macula seen in the section tangential to the surface of the macula (saggital section) and the 
right half illustrates the relation between the otolith (o) and the sensory hair cells seen in the 
vertical section (frontal section). The arrows indicate the dorso (Dr)-ventral (Ve) direction. 
In the dorsal half of the macula, the kino-cilium is always located at the dorsal end of the 
each sensory hair group and in the ventral half of the macula, it points to the ventral 
direction. In the intermediary zone, hair cells with opposite polarities are mixed. An otolith 
is located over the sensory epithelium, and its lateral surface slightly touches to the tips 

of the sensory hairs 

and  tha t  the hair  cells in  the dorsal and  vent ra l  rows are oriented in order tha t  their  
kino-cilia point  dorsally and  vent ra l ly  respectively. 

The fine s t ructure  of the saccular macula  of the ostariophysi has never  been 
described yet. As to nerve mechanisms, electrophysiological da ta  clearly indicate 
t ha t  exci ta tory t ransmiss ion from hair cells to afferent fibers in  the present  mater ial  
is media ted  chemically (FuRUKAWA and ISHIL 1967). I n  addit ion,  an  inhib i tory  
effect could be demonst ra ted  after the exci tat ion of the Mauthner  cells in  the mid- 
bra in  (FtmuKAWA, 1966). Therefore, i t  is supposed tha t  the both exci tatory 
afferent  and  inhib i tory  efferent synapses are s i tuated on the receptor cell. 

The present  paper  deals specially with the fine s t ructure  and  a r rangement  of 
the sensory hairs, the d is t r ibut ion  of the sensory cells and  the fine s t ructure  of the 
nerve terminals  on the receptor cells in  the saccular macula  (macula neglecta) of the 
gold fish which is included in  the ostariophysi. 

Material and Method 
The common Japanese gold fish was used as a specimen. The sacculus and lagena were 

dissected out from the anesthetized animal and the otoliths were removed before immersion 
into a fixative. Care was taken not to damage the sensory epithelium because the otolith 
is closely attached to the surface of the epithelium. 

Two fixation procedures were employed: a) Fixed in 3% glutaraldehyde in 0.1 M phos- 
phate buffer at pH 7.3 for two hours at room temperature and was rinsed in multiple 
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changes of the same buffer used in fixation with addition of 8% sucrose, then post-fixed in 
the cold 2% osmium tetroxide in the same buffer at pH 7.3 for one to two hours: b) Fixed 
in 2% osmium tetroxide in the same buffer at  pH 7.3 with addition of 8% sucrose for two 
hours. The tissues were dehydrated through series of graded ethanol and embedded in Epon 
(Lust,  1961). For the general observation, the frontal sections of the sacculus were prepared 
from rostal end of the macula to the caudal end. For the examination of the distribution 
of the receptor cells and the arrangement of the sensory hairs, the blocks were oriented so 
that the sections were always cut tangentially to the surface of the macula and from festal 
to the caudal direction. 

The specimens were double-stained after sectioning by 2% uranyl acetate and lead hy- 
droxide or post-stained with lead hydroxide on the section after block staining by 2% 
uranyl acetate before dehydration, and studied with the Hitachi HU-11 a electron microscope 
at  75 kv. 

Results 
The sensory ep i the l ium of the  saccular  macu la  of the  gold fish consists of two 

ma in  t y p e s  of cells, the  sensory cells and  the  sus t en taeu la r  or  suppor t ing  cells. 
The sensory cell is a s lender  cy l indr ica l  cell wi th  rounded  base  which never  reaches  
to  the  b o t t o m  of the  epi the l ium.  As seen in  the  cross or  obl ique sect ion of the  
epi the l ium,  each sensory cell is su r rounded  b y  a l ayer  of suppor t ing  cell cy top l a sm 
{Fig. 2). A t e rmina l  ba r  is found  sur rounding  the  ep i the l ia l  cells nea r  the  lumina l  
surface. Many  desmosomes  are  found  on the  con tac t  surface be tween  the  a d j a c e n t  
cells (Fig. 3). The  appos ing  p la sma  membranes  of the  basa l  p a r t  of the  a d j a c e n t  
suppor t ing  cells a p p l y  ve ry  closely to  each o ther  for considerable  e x t e n t  f rom the  
basa l  surface to  the  deep in to  the  ep i the l ium {Fig. 4). A t  h igher  magnif ica t ion ,  
the  ou te r  leaflets  of the  appos ing  p la sma  membranes  are  seen to  be s epa ra t ed  b y  
a na r row space of 10--15  • in wid th  (Fig. 5). Thus  the  in terce l lu lar  space in  the  
sensory ep i the l ium is na r rowed  bo th  a t  the  lumina l  end  and  a t  the  basa l  end. 

The apical  cy top l a sm of the  sensory cell is charac te r ized  b y  the  exis tence of the  
dense ma te r i a l  called cuticle in which the  bases  of the  sensory hai rs  are embedded .  
I n  the  t angen t i a l  sect ion th rough  the  apical  p a r t  of the  sensory cell, the  cuticle is 
seen as  an  oval  profile wi th  one end lacking (Fig. 6). Many  e lec t ron less dense 
holes are  found  in the  cut ic le  a r ranged  in rows. They  are  supposed  to  cor respond 
to the  bases  of the  s tereo cilia. 

Bundles  of f i l aments  a re  found  r a n d o m l y  d i s t r i bu t ed  t h r o u g h o u t  the  cy top la sm 
of the  recep tor  cell b u t  p r edomina t i ng ly  in  the  apical  one (Figs. 3, 6). The  cross 
sect ion of the  s t ruc tu re  is seen as a t e t r agona l  or hexagona l  ne twork  of dense 
ma te r i a l  i n s t ead  of an  aggrega t ion  of e lect ron dense dots  as  in the  case of the  
cross sect ion of the  bundle  of f i l aments  (Fig. 3, Inser t ) .  Consequent ly  the  whole 
s t ruc ture  is considered to  e i ther  an  aggrega t ion  of f i laments  wi th  th ree  edges 
p r o t r u d e d  f rom the  side wi th  regula r  angle  which are  connected  to  the  edges 
of the  ne ighbour ing  three  f i laments ,  or an  aggrega t ion  of tubules  wi th  t e t r agona l  
and  or  hexagona l  profiles. The bundle  of f i l aments  or tubules  men t ioned  above  
runs  s t r a igh t  course a n d  does no t  curve or bend  for a considerable  dis tance,  which 
gives i t  a r igid appea rance  (Figs. 2, 3, and  6). I n  the  apical  cy top lasm,  the  bundles  
are accumula t ed  a round  the  cuticle benea th  the  cell surface a t  the  level  of the  
desmosomes  and  f requen t ly  one end of the  bundle  is seen cont inuing of the  dense 
ma te r i a l  associa ted  wi th  the  desmosome (Fig. 6). The  same k ind  of bundles  are  
more  a b u n d a n t l y  found  in the  apica l  p a r t  of the  suppor t ing  cell {Fig. 6) and  so are  
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Fig. 2. A low power electron micrograph showing the basal part of the receptor cells in the 
saccular macula of the gold fish. Many small vesicles and dense filaments (/) are found in the 
receptor cell (r). Although the most of the receptor cells are separated to each other by a 
layer of supporting cell cytoplasm (s), sometimes the adjacent receptor cells are in close 
contact with a narrow intercellular space (arrow). Two types of nerve terminals (t I and t~) 
are found on the basal surface of the receptor cells. The t l  is characterized by a associated 
dense body in the receptor cell and the t2 is characterized by the presence of vesicles in the 

terminal. • 6,000 

considered to be epithelial  f i laments  modified. The basal cytoplasm of the receptor  
cell is occupied by vesicles of about  60- -70  m~ in diameter .  Sometimes a dense 

ne twork  of i r regular  tubules is seen to take the place of the vesicles ment ioned  
above  near  the basal p lasma membrane  of the receptor  cell (Figs. 7, 8). Many 



Fig. 3. A juxta-luminal junctional complex consisting of zonula occludens (o), zonula adherens 
(a) and macula adherens or desmosomes (D) is found on the contact surfaces between the 
adjacent supporting cells (s). The apical cytoplasm contains tubular or vesicular profiles 
of a granular retieulum and bundles of tubules or filaments. The tubules or filaments appear 
as hexagonal or tetragonal network as seen in the cross section (arrow and Insert). Some 

of them are seen to continue to the dense material associated with the desmosomes. 
1 : saccular lumen X 52,000, Insert  x 13%000 
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Fig. 4. An electron micrograph showing the basal part of the saccular sensory epithelium. 
The apposing plasma membranes of adjacent supporting cells (s) apply very closely to each 

other (arrows). b basement lamina. • 36,000 

Fig. 5. A high power electron micrograph showing the detail of the close apposition of plasma 
membranes of neighboring supporting cells. The outer leaflet of the apposing unit membranes 

are separated by a space of about 10--15 A. • 364,000 

Fig. 6. A tangential section through the apical part of the sensory epithelium showing a oval 
profile of the receptor cell (r). In  the receptor cell, a slightly electron dense mass, cuticle (c), 
which is roughly oval with one end lacking is found. In the cuticle, electron less dense round 
holes are seen. They are arranged in rows and are supposed to correspond to the bases of the 
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Fig. 6 

stereo-cilia. On the contact  surfaces between the  receptor cell and the supporting cell (8) and 
between the  adjacent  supporting cells many  desmosomes (D) are seen. At  the  area of contact  
a layer of dense materials is found in each cell benea th  the desmosomes. Bundles of fi laments 
are found bo th  in the  receptor cell and in the  supporting cell b u t  predominant ly  in the  
lat ter .  In  many  places they continue to the dense material  benea th  the desmosomes. • 20,500 
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Fig. 7. An electron micrograph showing a type 1 terminal (tl) on the basal surface of the 
receptor cell (r). Mitochondria and glycogen granules are found in the nerve terminal but few 
vesicles. The electron dense bodies which are surrounded by vesicles are found in the receptor 
cell. They associate with the specialized areas of plasma membranes (arrow) where increase 
of electron density and accumulation of dense materials against them are found. A complicated 
tubular structure (t) of the agranular reticulum is found immediately beneath the plasma 

membrane of the receptor cell. • 46,000 

coa ted  vesicles a re  seen a t  the  pe r iphe ry  of the  network.  Some of t hem are  seen 
to  be connected  wi th  the  tubules  (arrow in the  Fig.  8). Somet imes  even r a the r  
large vacuoles  or cys terns  are  found being associa ted  b y  an  outer  coat ing on the  
cy top lasmic  surfaces. The  re la t ion  be tween the  t ubu l a r  ne twork  and  the  synap t i c  
vesicles is no t  clear. 

Sensory  ha i rs :  The luminar  surface of the  recep tor  cell is s tudded  with  the  
sensory hairs  consis t ing of one kino-ci l ium and  50- -60  stereo-cil ia.  As seen in  the  
sect ion t angen t i a l  to  the  surface of the  epi the l ium,  the  stereo-cil ia  are  a r ranged  
ve ry  regu la r ly  as in  the  case r epor ted  in the  la te ra l  line organs (HAMA, 1965; 
FLOCK and  WERS)ILL, 1962), and  the  kino-ci l lum is a lways  loca ted  a t  one pole of 
the  g roup  of the  s tereo-ci l ia  (Fig. 9). Each  axis  of the  group of the  sensory hafts  
which passes th rough  the  posi t ion of the  kino-ci l ium is paral le l  to  each o ther  and  
is d i r ec ted  ver t ica l ly .  The k ino-c i l ium of the  sensory cells in the  dorsal  half  of the  
macu la  is a lways  loca ted  a t  the  upper  pole of the  group of the  sensory hai rs  and  
on the  o ther  hand,  t h a t  of the  sensory cells in  the  ven t ra l  half  of the  macu la  
a lways  a t  the  opposi te  pole. A t  the  in t e rmed ia te  zone of the  macula ,  the  sensory 
cells wi th  opposi te  po l a r i t y  are in te rming led  s ide-by-s ide (Fig.  10). The arrange-  
m e n t  of the  sensory cells above  ment ioned  agrees wi th  t h a t  descr ibed b y  LOWEN- 
STEr~ et al. in the  l a b y r i n t h  of the  r a y  (1964). The fine s t ruc ture  of the  kino- 
c i l ium is s imilar  to t h a t  of the  common cilia or flagella. A basal  body  of the  
k ino-c i l ium is found  s i tua ted  in the  shallow depression of the  cuticle. 

Nerve  t e rmina l s  : Two types  of nerve t e rmina l s  are found on the  basal  surface 
of the  r ecep to r  cell (Fig. 2). The one contains  no vesicle (Figs. 2, 7, 11, 12, 13) 
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Fig. 8. Agranular  reticulum found in the  basal par t  of the  receptor cell. Many coated 
vesicles (cv) are found a t  the  periphery of the retieulum. Some of them are seen to continue 
to the  la t ter  (arrow). A vacuole wi th  larger diameter  (v) also has outer  coating. X 67,000 

Fig. 9. A cross section of the  sensory hairs. A kino-cilium (k) is always located a t  one end of 
the group of the stereocilia which are regularly arranged, x 42,000 

12 Z. Zellforsch., Bd. 94 
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Fig. 10. This low power electron micrograph illustrates the arrangement of the sensory hair 
groups seen in the section parallel to the surface of the saccular macula. In the ventral half 
of the macula, the kino-cilium (k) is always located at the ventral end of the group of the 
stereocilia. On the other hand, in the dorsal half of the macula, it always points to the dorsal 
end of the sensory hair group. Arrows show dorso (Dr) <--> ventral (Ve) directions. • 3,800 

and  the other contains  a cluster of vesicles of 60 to 70 m~ in diameter  and  a few 
vesicles with an  electron dense core (Fig. 14). The diameter  of the cored vesicle is 
abou t  100 m~. Hereafter,  the former is referred as type I and  the la t ter  as type II .  

The type  I t e rmina l :  the apposing plasma membranes  of the nerve te rminal  
and  the receptor cell are shown to have such specializations as increasing electron 
densi ty  and  accumula t ing  dense mater ial  in  the cytoplasm backing the plasma 
membranes  a t  the synapt ic  area. The accumula t ion  of dense material  is more 
ev ident  in  the nerve te rminal  side t han  the receptor cell side. The gap between 
the apposed plasma membranes  is constant ,  about  30 m~ in  width and  is occupied 
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Fig. 11, An electron dense body which is surrounded by small vesicles is seen in the receptor 
cell (r) associated with the specialized area of synaptie membranes (between two arrows). 
Electron dense conical bodies of 40 m~ in diameter (presynaptie projections) are seen situated 
on the presynaptic membrane. No synaptic vesicles are found in the nerve terminal (tl). 

• 135,000 

by slightly electron dense material. Sometimes, bridges of filamentous material 
crossing the gap at regular intervals are observed. In  the receptor cell, a round 
profile of electron dense material, about 0.3 ~ in diameter is found to be located 
near the synaptic membrane, being surrounded by a layer of vesicles (Fig. 11). 
The dense body is seemed to be analogous to "synapt ic  bar or rod"  or "synaptie 
body"  found in the vestibular organs of some vertebrates (WERShLL et al., 1965) 
and in the lateral line organs of some fishes (FLOCK, 1963, 1965; HAMA, 1966). 
In  the specimen which is double stained with uranyl acetate in alcohol and lead 
hydroxide, the conical dense bodies of about 40 m~ in the basal diameter are 
found situated on the synaptic membrane of the receptor cell with their base 
directed to the membrane. The center to center distance of these bodies is about 
100 m~. Protrusions of the dense material from the "synaptic body"  mentioned 
before are in register with the tip of the conical dense material on the synaptie 
membrane, making compartments between the synaptic membrane and the "syn- 
aptic body" .  Each compartment contains a synaptic vesicle (Fig. 11). Some- 
times two synaptic bodies are found in a synaptie region (Fig. 7). In  one occasion, 
an oval profile surrounded by double membranes about 0.5 fL in its larger diameter 
was found situated in the basal cytoplasm of the receptor cell. The oval profile 

12" 
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Fig. 12. A nerve terminal (tl) is seen making synaptic contacts with two receptor cells (rl and 
r2). An electron dense body is seen in each receptor cell associated with specialized membrane 

areas. • 23,000 

Fig. 13. Two electron dense bodies which are surrounded by vesicles are found on both sides 
of the oval profile of nerve terminal (tl). • 35,000 

is found  to have  one synap t i c  body  on i ts  opposi te  sides (Fig. 12). The profile is 
p r o b a b l y  the  cross sect ion of the  process f rom the nerve t e rmina l  which invagina tes  
in to  the  recep tor  cell l ike the  dendr i t ic  spine in the  centra l  nervous  sys tem.  I t  has 
been f requen t ly  found t h a t  a nerve f iber  contac ts  wi th  neighbouring receptor  cells 
to  m a k e  t y p e  I synapses  (Fig. 12). The t y p e  I I  t e rmina l  (Fig. 14) : Along with  the  
t y p e  I te rminals ,  the  t y p e  I I  t e rmina ls  which conta in  a cluster  of vesicles are 
f r equen t ly  encountered  on the  basal  surface of the  recep tor  cell. The appos ing  
p l a sma  membranes  of bo th  the  nerve t e rmina l  and  the  receptor  cell are no t  seen 
to  have  such a specia l izat ion as o ther  synapses  have,  bu t  t hey  mere ly  a p p l y  to 
each o ther  closely a t  the  area  of con tac t  wi th  ex t r eme ly  cons tan t  gap of abou t  
20 m~ and  run  r a the r  s t r a igh t  course and  do no t  show i r regu la r i ty  such as 
jaggedness  of the  surface, which character izes  the  junc t iona l  membranes .  The gap  
subs tance  does no t  show the  specia l izat ion as to  be found  in o ther  synapses.  The 
nerve  t e rmina l  is f i l led wi th  vesicles of 60 - -70  m~ in d iameter .  Some of them 
are  seen to open to the  in ter -ce l lu lar  gap a t  the  synap t ie  area  (Fig. 14 arrow).  
Beside the  vesicles ment ioned  above,  a few vesicles wi th  electron dense core are  
found  somewha t  sepa ra t ed  from the  contac t  surface. The d iamete r  of the  cored 
vesicles is a b o u t  100 m~. Mitochondr ia  and  neuro tubules  are also p rov ided  in the  
nerve terminal .  I m m e d i a t e l y  benea th  the  p lasma  membrane  of the  receptor  cell 
a t  the  a rea  of contact ,  a f l a t t ened  cis tern is a lways  loca ted  which is s epa ra t ed  
f rom the  synap t i c  m e m b r a n e  b y  a cons tan t  nar row space of abou t  8 m~ in width.  
The  bo th  ends of the  f l a t t ened  cistern are commonly  d i la ted  and  f requent ly  
connected  wi th  the  t u b u l a r  e lement  of the  agranu la r  re t iculum. A nerve f iber  
f r equen t ly  forms t ype  I I  te rminals  on the two receptor  cells a t  the  same t ime.  
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Fig. 14. A high power electron mierograph showing type 2 nerve terminal (t2) on the receptor 
cell (r) base. The nerve terminal is occupied by many vesicles of 45--100 mtz in diameter. 
Cored vesicles (dv) of 100 m~ in diameter are also found in the terminal. Some of the 
vesicular structures are seen to be continued to the surface plasma membrane (arrows). The 
space between the plasma membranes of the nerve terminal and receptor cell is constant, 
about 30 m~t in width. A flattened cysteru (/c) is seen in the receptor cell situated beneath the 
synaptic membrane separated from it by a gap of about 8 mtz. The lateral ends of the flattened 

cysteru continue to the agranular retieulum (ar) in the cytoplasm, x 110,000 

Bo th  t y p e  I and  t y p e  I I  t e rmina l s  are found  s i tua ted  s ide-by-s ide  on the  same 
receptor  cell. Howeve r  i t  has  never  been found  t h a t  one nerve f iber  forms t y p e  I 
and  I I  t e rmina l s  on the  same or  di f ferent  recep tor  cells. 

Nerve  fibers : The  saccular  nerve  has  a gangl ion jus t  benea th  the  saceular  macula .  
Most  of the  nerve  cells in the  gangl ion have  a mye l in  shea th  a round  the  pe r ika ryon .  
The  nerve  f iber  enters  in to  the  sensory ep i the l ium wi th  myel in  sheath ,  loses i t  
below the  level of the  recep tor  cell base,  and  makes  synap t i c  con tac t  wi th  the  
recep tor  cells a f te r  running  for some dis tance  in the  p lane  para l le l  to  the  surface 
of the  epi the l ium.  

Discussion 
I t  has  been clear ly  d e m o n s t r a t e d  in  the  gold fish sacculus t h a t  the  micro-  

phonic  po ten t i a l  (m. po ten t ia l )  responds  in  the  dorsa l  half  of the  maeu la  to  the  
compress ion phase  of the  sound  and  in  the  ven t ra l  half  of the  macu la  to  the  rare-  
fac t ion of the  sound  (FuRuKAWA a n d  Is i t l I ,  1967). I n  o ther  words,  in  the  dorsa l  
half  of the  macula ,  the  m. po ten t i a l  responds  to  the  u p w a r d  movemen t s  of the  oto- 
l i th  and  is inh ib i ted  b y  i ts  downward  movements .  To the  con t ra ry ,  in the  ven t ra l  
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half of the macula, it responds to the downward movements and is inhibited by 
the upward movements. When the m. potential is recorded from the middle portion 
of the macula, one sees that it is evoked at twice the frequency of the sound. 

Regarding the fine structure of the saccular maeula (Fig. 1) and the attitude 
of the m. potentials, it is clear that  in the present material, the m. potential is 
evoked by the ciliary bending pointed to the kino-cilium and is inhibited by the 
reverse movement, which is in complete agreement with the previous descriptions 
on the vestibular organs (WERSXLL, 1956, 1960; WEgSALL et al., 1965) and on the 
lateral line organs (FLOCK and WEI~SALL, 1962; FLOCK, 1965a, b). In their 
descriptions, it has been noticed that in the vestibular organs, the m. potential 
is evoked by the movement of the surrounding medium directed to the kino- 
cilium, and it is considered that in the lateral line organ, the twice frequency 
of the m. potential is resulted by the superimposition of two m. potentials with 
phase difference by 180 ~ as the result of the coexistence of the sensory cells with 
opposite polarities. 

The sensory hairs are anchored to the cuticle by a basal body and rootlets, 
and the firm intercellular attachment, which is formed by the terminal bar, 
together with the cuticle and surrounding epithelial filaments creates the rigidness 
of the surface of the sensory epithelium which may have a function transducing 
the mechanical impact on the sensory hairs to the electrical events. 

According to the fine structure of the type I terminal - -  aggregation of the 
synaptie vesicles is found in the receptor cell and the accumulation of dense 
material to synaptic membrane is evident on the nerve terminal side - -  the 
excitation is supposed to traverse the synapse from the receptor cell to the nerve 
terminal, that  is afferent in nature. The conical dense masses arranged on the 
synaptie membrane of the receptor cell resemble to those described by GRAY 
(1963) as dense projections at the synapse in the central nervous system. They 
may have a function of attaching or attracting the synaptie vesicles to the pre- 
synaptic membrane. 

The electron dense body which is surrounded by a layer of vesicles has been 
found in the aeustico-lateralis system and it, together with the analogous structure 
such as the pre-synaptic ribbon of the ampullar organ (SzABO, 1962) and of the 
retina (SJSSTRAI~D, 1958), is seemed to be characteristic of the receptor afferent 
synapse, though the function of these structures is not clarified yet. 

In the type I I  terminal, on the other hand, a cluster of vesicles is found 
accumulated in the nerve terminal, consequently the transmission across this type 
of synapse is considered to direct from the nerve to the receptor cell, that  is 
efferent in nature. The same type of terminal was found on the base of the outer 
hair cell of the guinea pig cochlea and was proved to be efferent and inhibitory 
in nature (SMITH and SJSSTRAI~I]D, 1961a, b; SMITH and RASMUSSEN, 1965; 
IURATO, 1962; KIMURA and W]~RS;4LL, 1962). The existence of the poly-synaptic 
inhibitory passway has been found in the gold fish auditory system (FutCUKAWA 
and ISHn, 1967). Moreover, the same type terminal was found in the lateral line 
organ of the Japanese sea eel (HAMA, 1966) where the inhibitory innervation has 
recently been detected (KATsUKI et al. 1968) whereas the same type of terminal 
is very rare in the lateral line organ of the common eel (YAMADA and HAMA, 
unpublished data) where the efferent innervation was supposed to be absent 
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Fig. 15. This scheme shows the relation between the nerves with afferent and efferent functions 
and the Wpes of nerve terminals. The afferent nerve (an) always forms type I terminMs (tl) 
on the receptor cells. On the other hand, the efferent nerve (en) always forms type 2 ~rminals 
(t2) on the receptor cells. One nerve is frequently found to form terminals on the adjacent 

receptor cells 

(KATSUKI et al., 1951a, b). All these findings support the view that  the type I I  
terminal in the present material is efferent and inhibitory in nature. The flattened 
cistern associated with the post-synaptic membrane is always found in this 
type of synapse not only in the present material but  also in other organs 
mentioned above and has been refered to as a snbsynaptic sac. I t  is supposed 
that  this structure may play a role in the inhibitory mechanism. 

The cored vesicle was first detected in this type of synapse in the present study. 
The same type of vesicles have been found in the autonomic nerve terminals of 
various organs and it has been postulated that  they might contain catecholamine. 
In  the present case, they are few in number and are not found to be associated 
with the synaptic membrane, but they are always found to be located somewhat 
away from the synaptic membrane, so it is unlikely that  they contain the trans- 
mitter substance. I t  is more conceivable that  they might have a function of trigger- 
ing the release of the transmitter substance which is contained in the synaptic 
vesicles responding to the signals from the center. 

The trigger substance, if any, and the transmitter substance at the type I I  
terminal in the present material have been not known, however, the existence of the 
cored vesicles only in the present material suggests that  there should be any 
difference between the operation mechanisms of the type lIT synapse in the present 
material and of that  in other organs mentioned before. 

If  one considers the fact that  in the saccular macula the neighbouring sensory 
cells have the same polarity, it is interesting to note that one nerve fiber is easily 
found to make synaptic contact with more than one receptor cell, which has never 
been found in one section in the lateral line organs where the neighbouring 
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sensory cells have opposite polarities. I t  has no t  been possible because of the 
technical  l imi ta t ion  in  the present  s tudy  to clarify whether one nerve fiber makes 
synapt ic  contact  with two cells with definitely opposite polarities a t  the inter-  
mediary  zone, while the presence of such a connect ion was suggested in an  
electrophysiologieal s tudy  (FvRv~AWA and I s ~ ,  1967). The relat ion between the 
nerve fibers and  the types of terminals  is i l lustrated in  the Fig. 15. 

I t  is well unders tandable  t ha t  the macular  epi thel ium has a terminal  bar  near  
the lumina l  surface if one notices the fact t ha t  the K + content  of the saccular 
fluide is much higher t han  t ha t  of the rest of the body fluide. However, the 
funct ional  significance of the close apposi t ion of the plasma membranes,  which 
cover the ad jacent  support ing cells, existing to considerable ex ten t  near  the bo t tom 
of the epi the l ium is no t  clear. 

The same sorts of close apposi t ion of plasma membranes  with narrow space, 
1 .5- -2  mtL in  width, has been reported by several authors  as to be characteristic 
for the electrotonical synapse (CoGGESHALL, 1965; HAMA, 1965; REVEL and  
K~_RNOVSKY, 1967; ROSENBLVTH, 1965), and  it  is supposed tha t  the close appo- 
sit ion of support ing cell membrane  play a role in  the ion mechanisms of the 
sensory epithelium. 
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