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T he p rocess of m orpho log ica l d if fe re n tia tio n  of th e  in n e r ea r in  the  
gu in ea  p ig  is accom pan ied  by c h a ra c te r is tic  h is to ch em ica l tra n s fo rm a 
tio n s  w ith in  th e  cells an d  tissues . T h e  s ta r t  of th e  fu n c tio n in g  of th e  
in n e r  e a r is p reced ed  by in c re a se  in  th e  a c tiv ity  o f re s p ira to ry  enzym es 
in  th e  sen so ry  cells an d  in  th e  ce lls  of s t r ia  v a sc u la ris  and  th e  a p p e a ra n 
ce of g lycogen g ra in s  in  th e  h a ir  cells. N issl’s bodies ap p e a r  in  th e  sp ira l 
cells. T he  in n e r ea r is cap ab le  of rece iv in g  sounds as soon as C o rti’s 
o rg an  is com plete ly  fo rm ed  on a ll th e  tu rn s . T he you n g est em bryos of 
th e  gu in ea  p ig  in  w h ich  re a c tio n  to  sounds w as fo u n d  in  th e  fo rm  of 
m icrophon ic  p o ten tia l w ere  80 m m  long. T h e  v a lu e  of th e  m icrophon ic  
p o te n tia l inc reases w ith  in c rea s in g  leng th  of th e  em bryo  and  befo re  
b i r th  a tta in s  s e v e ra l h u n d re d  f iV ,  To a c e r ta in  e x te n t th e  cu rv e  r e p re 
sen tin g  in c rease  in a c tiv ity  o f th e  h is to ch em ica l tra n s fo rm a tio n s  ru n s 
p a ra lle l to  th e  cu rv e  of in c re a se  in m ean  v a lu es  o f th e  m icrophon ic  
p o te n tia l w ith  th e  g ro w th  of th e  em bryos. D u rin g  em bryogenesis  th e  
d if fe re n t k in d s of cells o f th e  co ch lea r d u c t an d  sp ira l cells possess 
a  G olgi a p p a ra tu s  of c h a ra c te r is tic  sh ap e  and  location . In  th e  sp ira l 
gang lion  cells th e  s itu a tio n  of th e  G olgi a p p a ra tu s  is  p o la r, b u t as from  
th e  tim e  th e  em bryos re a c h  th e  len g th  of 65 m m  i t  adop ts  an  ap o la r 
position .

T he d ev e lo p m en t o f th e  a u d ito ry  p a r t  o f th e  in n e r  e a r  in  th e  gu inea  
p ig  m ay , on th e  basis of th e  m a te r ia l e lab o ra ted , b e  d iv id ed  in to  tw o 
p e rio d s: P e rio d  I —- i n  w h ich  m orpho log ica l an d  h is to ch em ica l d if
fe re n tia tio n s  occurs . P e rio d  I I  — is c h a ra c te rise d  b y  th e  s ta r t  of th e  
b io e lec tr ic  fu n c tio n  of the  o rgan  of C orti.
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I. IN T R O D U C TIO N

T h e  d ev e lo p m en t o f th e  inner ear an d  its a d a p ta tio n  to  rece iv in g  sounds is a  v e ry  
co m p lica ted  p rocess fro m  bo th  th e  m orpo log ica l and  b iochem ical aspects. A m ore  
a c c u ra te  kn o w led g e  of th is  d ev e lo p m en t m ay  fa c ilita te  s tu d ies  on th e  pa thogenesis 
of co n g en ita l defec ts o f h e a rin g  (T o n  d u r  y , 1952; W e i b e l ,  1957).

T h e  cy to log ica l an d  h is to ch em ica l p ic tu re s  of th e  e lem en ts  of th e  in n er ear only  
in d ire c tly  ex p re ss  th e  fu n c tio n a l s ta te  of m orpho log ica l e lem en ts  and  th e ir  a d a p ta t
ion to  re c e iv in g  sounds. A n ob jec tive  m a n ife s ta tio n  of th e  fu n c tio n  of th e  o rgan  of 
h e a r in g  d u r in g  p e rcep tio n  of sounds a re  e lec tric  cu rre n ts  (m icrophonie  p o ten tia l, 
su m m a tin g  p o te n tia l , p o te n tia l of a u d ito ry  nerve).

M any  a u th o rs  h ave  in  re c e n t y e a rs  ex am in ed  th e  question  of th e  possib ility  of 
re c e p tio n  o f so u n d s b y  th e  develop ing  o rgan  of h earing . S tu d ies  of th is  k in d  in  
h u m a n s  a re  based  on o b serv a tio n s of th e  h e a r t  func tion  of th e  em bryo , en cép h a lo 
g rap h ie  a n d  c lin ica l ex am in a tio n s  and  a re  also tr e a te d  as an a tte m p t a t  ea rly  d is 
co v e ry  of cases of deafness ( D w o r n i c k a , ,  1963; B r o w n ,  1964; E l l i o t ,  1964; 
J o h a n s s o n ,  1964). R esea rch  on a n im a ls  is co n cern ed  ch ie fly  w ith  th e  co rre la tio n s  
b e tw e e n  th e  m o rp h o lo g ica l p ic tu re  of th e  d if fe re n tia tin g  C o rti’s  o rgan  and  m a n i
fe s ta tio n s  of its fu n c tio n . In v es tig a tio n s  a re  u su a lly  c a rr ie d  ou t on those  species of 
an im a ls  w h ic h  a re  b o rn  d eaf and  ex h ib it th e  fin a l fo rm atio n  of th e  organ  o f h e a r 
ing  d u rin g  th e  f i r s t  w eeks a f te r  b irth .

The aim of this study is to obtain a better knowledge of the morpho
genesis and developm ent of the function of the inner ear in the guinea 
pig during em bryonic life.

II. REV IEW  OF REFER EN C ES

A m ong th e  basic  s tu d ie s  dealing  w ith  deve lopm en t of th e  in n e r e a r a re  th o se  
dev o ted  to  m o rphogenesis  of th e  la b y r in th . S t r e e t e r  (1906, 1917, 1918), u sing  
m odels, p re se n te d  th e  d ev e lo p m en t of th e  osseous and  m em b ran eo u s  la b y r in th , th e  
a u d ito ry  n e rv e  an d  en d o lab y rin th a l space  in  m an . A n s o n  (1934), on th e  basis of 
m a te r ia l  ta k e n  from  d if fe re n t an im a ls , d iscusses th e  ea rly  s tages of fo rm atio n  of 
th e  la b y r in th .

A n  e x a c t d e sc r ip tio n  of d if fe re n tia tio n  of th e  s t ru c tu re s  of th e  C orti o rg an  and  
te c to ria l m e m b ra n e  in  an im a ls  w as g iven by V an d e r S t r i c h t  (1918, 1920). H a r 
d e s t y  (1915) d iscusses th e  fo rm atio n  a n d  s t ru c tu re  of th e  te c to ria l m em b ran e  in 
p ig  em bryos. H e l d  (1926) and  K o l m e r  (1927) in  s tu d ie s  of a m onograph ic  
c h a ra c te r  d e sc rib e  th e  fo rm atio n  of th e  o rg an  of h earing , w ith  p a r t ic u la r  re fe ren ce  
to  m an . A l t m a n n  (1950) on th e  b asis  o f ex ten s iv e  l i te r a tu re  d iscusses th e  d eve lop 
m e n t o f th e  o rg an  of h ea rin g  an d  th e  m ech an ics  o f th is  developm ent. W e i b e l  
(1957) c a r r ie d  o u t d e ta iled  s tu d ie s  on d if fe re n tia tio n  of th e  coch lear d u c t in  m ice. 
G r i s a n t  i (1957) in v es tig a ted  th e  d ev e lopm en t of stria  vascu laris  in  th e  rab b it. 
V i n n i k o v  (1959, 1961) d iscussed  th e  phy lo g en e tic  an d  o n togene tic  d ev e lo p m en t 
of th e  h u m a n  o rg an  of h earing .

A m ong  o th e r  in te re s tin g  s tud ies  on th e  em bryogenesis of th e  in n e r e a r w e  m u st 
in c lu d e  in v es tig a tio n s  of th e  d ev e lopm en t of tra n sp la n ta tio n s  of th e  la b y r in th  u nder 
d if fe re n t e x p e rim e n ta l conditions. F o r in s tan ce  K a a n  (1917) defined  th e  capacity  
fo r tra n s fo rm a tio n  of an o tic  vesicle  tra n sp la n te d  to  th e  la b y r in th  in A m b ly s to m a  
p u n c ta tu m .  W a t e r m a n  (1917) o bserved  fu l le r  h is to log ica l d if fe re n tia tio n  of th e  
la b y r in th  in co m p ariso n  w ith  its  an a to m ic  developm ent in tra n sp la n te d  ra b b it
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em bryos. K o g a n  (1950) ca rr ied  o u t s tud ies  on th e  d ev e lopm en t of th e  m em b ran o u s  
lab y r in th  in  b ird s  u n d e r cond itions of a r tif ic ia l tissu e  cu ltu re s . S im ila r  in v es tig a tio n s  
w ere  m ad e  by  L a w r a n c e  & M e r c h a n t  (1953) on th e  o tocyst of fow l an d  r a t  
em bryos and  by F r i e d m a n n  (1956; 1959; 1961) on th e  em bryos of b irds.

T he h is toehem ica l o bserva tions m ade in re c e n t y ea rs  h av e  c o n tr ib u te d  to  a b e tte r  
know ledge of th e  deve lo p m en t of th e  o rg an  of h ea rin g . B é l a n g e r  (1956), fo r in 
stance , observed  th e  o ccu rren ce  of p o ly sacch arid es and  basoph il su b s tan ce  d u rin g  
th e  deve lopm en t of ep ithe lium  an d  connective  tissu e  s tru c tu re s  of th e  coch lea in 
ra ts . R o s s i  (1963) m ade  s tud ies  of th e  a c tiv ity  of ace ty lo ch o lin es te ra se  d u rin g  th e  
em bryogenesis of th e  sp ira l ganglion in  th e  gu in ea  pig. T i t o v a  (1965) c a rr ie d  o u t 
h is toehem ical ex am in a tio n  of th e  d iffe ren tia tio n  p rocess in  th e  in n e r  ea r in  goat, 
ra b b it and  c a t em bryos beg inn ing  w ith  th e  second h a lf  of p reg n an cy , an d  end ing  
w ith  an im als  fro m  10— 14 days a f te r  b ir th . T h is  au th o r  considers th a t  nucle in  acids 
p lay  th e  m ost im p o rta n t p a r t  in th e  d if fe re n tia tio n  p rocess of th e  s tru c tu re s  o f th e  
cochlear duct.

O bserva tions m ad e  by m eans of e lec tron ic  m icroscope m u s t b e  in c lu d ed  in 
re sea rch  w o rk  c a rr ie d  ou t recen tly . F r i e d m a n n  (1959, 1961) d iscusses th e  u l t r a -  
s tru c tu ra l  o rg an isa tio n  of senso ry  epithelium ., su p p o rtin g  cells an d  in te rc e l lu la r  space  
in  th e  fow l em bryo  o tocyst. T i t o v a  (1965) c a rr ie d  ou t o b se rv a tio n s  of th e  d ev e 
lopm en t o f th e  o rgan  of h ea rin g  an d  b a lan c e  in v e rte b ra te s . K i k u c h i  & H i l -  
d i n g  (1965), using  m ice, in v es tig a ted  th e  deve lo p m en t of th e  o rg an  of h e a r in g  by 
m eans of a  lig h t and  e lec tron ic  m icroscope. T h ese  a u th o rs  co n sid e r th a t  e ffe re n t 
n e rv e  end ings p lay  an  im p o rta n t p a r t  in th e  d ev e lo p m en t o f C o r ti’s o rgan . In  1966 
th e  sam e au th o rs  re ach ed  th e  conclusion, d u rin g  th e ir  e x am in a tio n  of s t r ia  v a s c u 
laris  in  m ice, th a t  th e  m orpho log ica l s t ru c tu re  of th e  cells of th is  s tr ia  m ak es  it  
po ss ib le  fo r th em  to p a r t ic ip a te  in flu id  tra n s p o r t  even  d u rin g  th e  d ev e lo p m en t of 
th e  ea r — th is  also app lies to  th e  cells of th e  sp ira l p rom inence ,

R u b e n  (1967) using  m ark ed  tr it ia te d  th y m id y n e , defined  th e  tim e  of d if fe re n t ia 
tion  of th e  d if fe re n t p a r ts  of th e  in n er e a r in m ice. In  h is  opinion th e  co ch lear d uc t 
in th e  reg ion  of th e  ap ica l tu rn  undergoes e a r l ie r  d if fe re n tia tio n  in  co m p ariso n  w ith  
th e  b a s ila r  tu rn . T h e  sp ira l ganglion , on th e  o th er h an d , d if fe re n tia te s  f i rs t  on th e  
lev e l of th e  b a s ila r  tu rn , an d  th e n  on th e  leve l of th e  a p ica l tu rn .

O th e r s tud ies  include, in  ad d itio n  to th e  p rocess o f m o rpho log ica l fo rm atio n  of 
th e  in n e r ear, th e  deve lo p m en t of its  re a c tio n s  to  sounds in th e  form  of e lec tric  
c u rre n ts . S tud ies  of th is  k in d  w e re  m ad e  on th e  opossum  (D ideiph is v irgin iana)  M e 
C r a d y ,  L a r s  e l l ,  W e v e r ,  B r a y  (1934— 1945). H isto log ica l in v es tig a tio n s  and  
m easu rem en ts  of th e  m icrophon ie  p o ten tia l w ere  m ad e  by th e se  a u th o rs  on an im als , 
beg inn ing  w ith  th e  f i r s t  h o u rs  a f te r  b ir th  up  to  th e i r  a tta in m e n t of com p le te  m a 
tu r ity , and  d em o n s tra ted  th a t  the m orpho log ica l an d  fu n c tio n a l d ev e lo p m en t of th e  
o rgan  of h ea rin g  fo llow  a p a ra lle l course. T h e  opossum  p ro v id es p a r tic u la r ly  con
v en ien t m a te r ia l fo r inv es tig a tio n s of th e  em bryogenesis o f th e  ea r as these  an im a ls  
a re  bo rn  deaf,, and  deve lo p m en t of th e  o rgan  of h ea rin g  fo llow s a f te r  b ir th  w h en  
th ey  a re  liv ing  in  th e  m o th e r’s pouch.

S c h m i d t  & F e r n a n d e z  (1963) c a rr ie d  ou t th e ir  h is to log ica l in v es tig a tio n s  
of th e  coch lear duct d u rin g  th e  deve lopm en t perio d  in  th e  opossum  and s im u lta 
neously  a sce rta in ed  its  endococh lear po ten tia l,

A l f o r d  & R u b e n  (1963) defined  th e  connection  be tw een  th e  o ccu rren ce  of 
P re y e r ’s re f lex , coch lear m icrophon ie  p o ten tia l, p o te n tia l o f the au d ito ry  n e rv e  and 
th e  h is to log ica l p ic tu re  o f th e  develop ing  cochlea in w h ite  m ice, w h ich  a re  s til l d ea f 
im m ed ia te ly  a f te r  b ir th .
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K l j a v i n a  & M a r u s e v a  (1963) reg is te red  th e  p o ten tia l of th e  a u d ito ry  n e rv e  
in ca ts  fro m  2 to 30 days old. M a z o  (1955) defined  th e  m icrophon ie  p o ten tia ls  in  
rook  n es tlin g s , fow l ch icks an d  new b o rn  ra b b its . T hese m easu rem en ts  w ere  con 
ce rn ed  w ith  th e  b ioelec tric  resp o n se  of th e  in n e r ear to  sounds of d iffe ren t f re q u e n 
c ies an d  define  th e  ex c itab ility  th re sh o ld  a t th e se  frequenc ies,

A n g g a r d  (1965) c a rr ied  ou t c lec trophysio iog ica l in v es tig a tio n s on th e  dev e lo p 
m en t o f co ch lear func tion  in th e  ra b b it,  defined  th e  m icrophon ie  p o ten tia l, endo- 
coch lear p o ten tia l, su m m atin g  p o ten tia l an d  e lec tric  re sp o n se  of second o rd e r  a u d ito 
ry  n eu ro n s . A n im als  up  to  37 days old w e re  u sed  for those  investiga tions.

C h o d y n i c k i  (1966) described  in successive  s tud ies th e  occu rrence  of enzym es, 
glycogen , lip id es  an d  th e  G olgi a p p a ra tu s  in  th e  in n e r e a r  of th e  gu in ea  p ig  d u rin g  
th e  perio d  of em bryon ic  life  and  in v es tig a ted  th e  m icrophonie  p o ten tia l reco rd ed  in 
em b ry o s fro m  80 m m  in le n g th  o nw ards. C h o d y n i c k i  & M a t w i j e w i c z  
(1966, 1967, 1968) also  described  th e  re la tio n  b e tw een  th e  m icrophon ie  p o te n tia l a n d  
th e  s ta te  of em b ry o n ic  c ircu la tio n  in  th e  gu in ea  pig.

' I I I .  M A T ER IA L  AND STU D Y  M ETHO DS

1. H isto log ical an d  H istochem ical M ethods

T h e  s tu d ie s  w e re  m ad e  on 120 em bryos of th e  gu inea pig, o b ta ined  by C aesa rean  
sec tion  u n d e r  u re th a n e  an aes th e s ia . L en g th  of em bryos w as m easu red  in  th e  c ro w n - 
ru m p  len g th .

E m b ry o s up  to 40 m m  long w ere  fix ed  in th e ir  en tire ty , bu t in  th e  case of 
em bryos o v e r 40 m m  in  len g th  th e  te m p o ra l bone  w as  fixed  a f te r  open ing  bullae  
ty m p a n ic a e  an d  th e  p e r i-  and  en d o ly m p h a tic  spaces of cochlea (Ch o d y n i c k  i, 
1966).

C ooled B a k e r ’s flu id , G en d re ’s f lu id  an d  A o y am a’s flu id  w ere  used  fo r f ix in g ; 
p a r t  o f th e  m a te r ia l w as p laced  in  a  th e rm o s w ith  d ry  ice. T he m a te r ia l w as  
em bedded  in  p a ra f f in  and  cu t in  se r ie s  in to  a x ia l sections fro m  3—5 ,u th ick . T h e  
tem p o ra l bone from  em bryos over 70 m m  long w as decalc ified  in 5°/o w a te r  so 
lu tio n  of v e rse n e  (ED TA  — e th y le n e d ia m in e te tra a c e tic  acid) ( B a l o g h ,  1962). A fte r  
d éca lc ific a tio n  th e  cochlea w as em bedded  in  p a ra f f in  or g e la tin e  and  sec tioned  in  
a p la n e  p a ra l le l  to  th e  m odiolus.

M a te ria l in tended  fo r  enzym atic  in v es tig a tio n s  w as sectioned  in  a c ry o s ta t, and  
in  th e  case  of la rg e  em bryos (over 70 m m  in leng th ) p re p a ra tio n s  w e re  m ad e  of 
C o rti’s o rgan  by th e  m ethod  of su rface  p re p a ra tio n s  ( V i n n i k o v  & T i t o v a ,  
1959; E n g s t r d m ,  A d e s  & H a w k i n s ,  1963; B r e d b e r g ,  E n g s t r o m  & 
A d e s ,  1965; C h o d y n i c k i ,  1966).

T he sec tions w ere  s ta in ed  w ith  h em ato x y lin -eo sin e  an d  by th e  A zan m ethod . 
R e tic u la r  f ib re s  w ere  rev ea led  by th e  L aguess and G om ori m ethod . T he M cM anus 
m ethod  w as used  fo r ob ta in ing  P A S  reac tio n . G lycogen w as s ta in ed  w ith  B est’s 
ca rm in e . C on tro l p re p a ra tio n s  w ere  su b jec ted  to  th e  ac tion  of d ia s ta se  ( B a g i ń 
s k i ,  1965). R ibonucle ic  acid  (RNA) an d  deoxyribonucle ic  ac id  (DNA) w e re  d isco v 
ered  by m ean s  of ga llocyan ine  and  B rach e t’s m ethod  ( G o d l e w s k i  & V o r -  
b r o d t, 1954; K r y g i e r  & G o d l e w s k i ,  1964). C on tro l p re p a ra tio n s  w ere  
su b jec ted  to  th e  ac tion  of p an c re a tic  e x tra c t  in  acco rdance  w ith  B ra c h e t’s m ethod  
( B a g i ń s k i ,  1965), In  add ition  th e  p re p a ra tio n s  w ere  s ta in ed  by th e  H im es-M o - 
r ib e r  m e th o d  ( H i m e s  & M o r i b e r ,  1956). T he  G olgi a p p a ra tu s  w as d isco v ered
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by  A o y a m a ’s m ethod . L ip ids w e re  s ta in ed  w ith  oil red  O, R sca rle t, N ile  b lu e , osm ic 
ac id  ( B i e l a n s k a - O s u c h o w s k a ,  1960).

A lk a lin e  p h o sp h a ta se  (Al. Pase) an d  acid  p h o sp h a ta se  (Ac. Pase) w e re  ex am in ed  
by  m ean s  of th e  G om ori m e th o d  as m odified  b y  G o d l e w s k i  & V o r b r o d t ,  and  
also  w ith  th e  use of co u p lin g  azo dye m e th o d  ( K r y g i e r  & G o d l e w s k i ,  1904). 
S u cc in a te  d eh y d ro g en ase  (S.D.) w as rev ea led  by th e  N ach las m ethod , la c tic  d e h y 
d ro g en ase  (L.D.) by th e  m ethod  used by H e s s  et a l. (G e r  h a r  d t, 1961; P  e a r  s e, 
1960). In  ad d itio n  ash  p ic tu re s  w e re  m ad e  ( K r y g i e r  & G o d l e w s k i ,  1964).

2. B ioelec tric  M ethod  (M easu rem en ts of M icrophonic P o ten tia ls)

M easu rem en ts  w e re  m ad e  u sin g  70 gu in ea  p ig  em bryos v a ry in g  in  le n g th  fro m  
70 m m  to 130 m m . C aesa rean  section  w as pe rfo rm ed  u n d e r u re th a n e  an a e s th e s ia . 
T he em b ry o s w e re  rem oved  w h ile  m a in ta in in g  blood c ircu la tio n  an d  c o n s ta n t 
te m p e ra tu re , an d  reco rd in g  h e a r t  func tion  ( C h o d y n i c k i ,  1966, 1967). T h e  ro u n d  
w indow  w as  exposed  by  o p e ra tio n  on th e  em bryos, a d d itio n a l a n a e s th e s ia  of th e  
em bryo  p ro v in g  n ecessary  in som e cases. T he  m icrophon ic  p o ten tia ls  w e re  rece iv ed  
from  th e  exposed  ro u n d  w indow  m em b ran e  by m eans of a th in  p la tin u m  w ire  
e le c tro d e  10 u in  d iam e te r in su la te d  w ith  collod ium  and  in tro d u ced  in to  th e  space 
of th e  m id d le  e a r u n d e r an  o p e ra tin g  m icroscope ( B r o h r a ,  1962; 1963).

Sounds w e re  conveyed  to  th e  sk u ll bones by m eans of an  acoustic  so u n d er 
co n n ec ted  w ith  th e  sc reen  bone  v ib ra to r  of a  A U  ty p e  a u d io m e te r  ( B r o h m ,  1956). 
T h e  end  of th e  sounder m easu rin g  4 m m  X 4 m m  w as a rra n g e d  on th e  sk u ll bones 
5 m m  fo rw a rd s  from  th e  m arg in  of th e  open b u lla  tym p a n ica  o f th e  le f t ea r. 
M icrophon ic  p o te n tia ls  w ere  defined  w ith  freq u en c ies  of 1000, 2000 a n d  4000 c.p.s., 
w ith  75 db . T he CM v a lu es  w e re  reco rd ed  on p h o to -sen s itiv e  p ap e r, u s in g  a »Disa« 
e lec tro m y o g rap h .

IV . M O R PH O G E N E SIS  AND H IST O C H E M IS T R Y  O F T H E  D EV E LO PM E N T  O F 

T H E  A U D ITO R Y  PA R T  O F T H E  IN N ER  EA R  O F T H E  G U IN E A  P IG

1. D escrip tion  of M ate ria l

E m bryos 12 m m  long  (guinea p ig  no. 30, F igs. 1— 3).

T he  au d ito ry  vesicle  and  th e  en d o ly m p h a tic  duct fo rm ing  on th e  d o rsa l w a ll of 
th e  v esic le  can  be  seen  in  th e  a x ia l sec tio n s of em bryos of th is  len g th .

T he v esic le  is fo rm ed  fro m  p se u d o s tra tif ie d  co lu m n ar e p ith e liu m  (Figs. 1, 2), T he  
nu m ero u s  c e llu la r  n u c le i of th is  ep ith e liu m  a re  in  v a rio u s stages of k a ry o k in e s is . 
F ro m  th e  h ead  side th e re  is a co n cen tra tio n  of n e rv e  cells ad jo in in g  th e  w a ll of 
th e  v esic le  (F igs. 1, 2).

G olgi a p p a ra tu s  occurs in  th e  ep ith e liu m  of th e  vesicle  and  en d o ly m p h a tic  d u c t 
as e lo n g a ted  fo rm a tio n s  ly in g  in  th e  a p ica l p a r t  of th e  ce lls  (Fig. 3). T h e  G olgi 
a p p a ra tu s  of th e  n e rv e  cells is o v a l in  sh ap e  and  in  a p o la r  position .

DNA. P re p a ra tio n s  sta in ed  w ith  ga llocyan in  re v e a l th e  p resence  in  th e  n u c le i 
of n u m ero u s  la rg e  ir re g u la r ly  d is tr ib u te d  ch ro m atin  g ran u les . R N A . T h e  cy top lasm  
of th e  p seu d o s tra tif ied  co lu m n ar ep ith e liu m  e x h ib its  in tensive  p y ro n in  a b so rp tio n  
w h en  th e  B ra c h e t m ethod  is u sed . In te n s iv e  p in k  s ta in in g  is c lea rly  v is ib le  in  th e  
a p ica l an d  b a sa l p a r t  of th e  cells. T h ese  cells s ta in  a  d a rk  b lu e  colour w ith  g a llo 
cyan in .
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G lycogen. W hen  th e  P A S  m eth o d  is u sed  sing le  sm a ll g ran u le s  s ta in in g  a p ink  
co lour can be seen  in  th e  cy top lasm  of th e  cells of th e  ep ith e liu m . In  ad d itio n  
m esen ch y m al ce lls  ly in g  n e a r  th e  e p ith e liu m  s ta in  a  p u rp le  colour.

Ac. P ase  (acid p h o sp h a tase ) rev ea ls  slig h t a c tiv ity  in  th e  ep ith e liu m , w h ere  it 
is located  in  th e  a p ica l p a r t  of th e  cells. I t  is v e ry  ac tiv e  w ith in  th e  n e rv e  cells, 
Al. P a se  (a lk a lin e  p h o sp h a tase ) is c h a ra c te rise d  by  low  ac tiv ity  in  th e  w ho le  of 
th e  ep ith e liu m .

L.D. ( la c ta te  d eh y d ro g en ase ) and  S.D. (succinate  dehyd rogenase) also ex h ib it 
only  s lig h t a c tiv ity  in  th e  b a sa l an d  ap ica l p a r ts  of th e  ep ith e liu m  cells.

E m b ry o s 14 m m  long  (gu inea  p igs nos. 28, 35, F igs. 4, 5).

T h e re  is a t r a c t  of m o re  in ten s iv e ly  s ta in in g  connective  tissu e  cells ro u n d  th e  
coch lear d u c t, w h ich  c o n s titu te  th e  ru d im e n t of th e  co ch lear capsu le . C ephalad  
from  th e  coch lea th e  v e s tib u le  (Fig. 4), u tr ic le  and  endo ly m p h a tic  duct can  be 
seen.

T he  co ch lear duct fo rm s  one and  a  h a lf  tu rn s . T h e  lum en  of th e  d u c t is n a rro w . 
T h e  su rface  of th e  cells of th e  p e r ic e n tra l p a r t  of th e  low er w all of th e  d u c t is 
covered  b y  a th in  m e m b ra n e . G an g lio n  cells, th e  f ib re s  o f w h ich  a re  d irec ted  
to w ard s  th e  ep ith e liu m  cells, a re  s itu a te d  a t th e  base  of tu rn  I and  II . T he coch lear 
d u c t is su rro u n d e d  by de lica te  s ing le  re tic u la r  fib res  (Fig. 5).

T he G olgi a p p a ra tu s  in  th e  ep ith e liu m  cells of th e  coch lear d u c t is s im ila r in 
em bryos 12 m m  long . T he  b e h a v io u r  of R N A  and  D NA  is s im ila r  to  th a t  in  p re 
p a ra tio n s  of em b ry o s 12 m m  long.

O nly  sin g le  g ran u le s  can  be seen  in  th e  ep ith e liu m  of p re p a ra tio n s  s ta in ed  by 
th e  PA S m ethod . N u m ero u s P A S -p o s itiv e  g ran u les  a re  s i tu a te d  w ith in  th e  fo rm ing  
coch lear capsu le . T h e  p ic tu re  is s im ila r to  th a t seen  w hen  p re p a ra tio n s  a re  sta in ed  
w ith  B est’s carm ine .

E m b ry o s 17 m m  long  (gu inea p igs nos. 29, 33, F igs. 6, 7).

In  th e  a x ia l  sec tio n  fo u r  sec tio n s of th e  coch lear d u c t can  be  seen  th ro u g h  th e  
o rgan  of h e a rin g . T h ese  sec tions su r ro u n d  th e  n e rv e  cells s itu a te d  in th e  ce n tra l 
p a r t  of th e  p re p a ra tio n .

T h e  p se u d o s tra tif ie d  co lu m n ar ep ith e liu m  of th e  d u c t is fa r  h ig h e r on th e  side 
'of th e  n e rv e  cells (Fig. 6). T he  co ch lear duct is su rro u n d ed  on th e  o u ts id e  by  th e  
la b y r in th in e  capsu le , th e  cells o f w h ich  a re  tra n sfo rm e d  in to  h y a lin e  cartilage . 
T h e re  is a  sm all f re e  space  of th e  develop ing  bulla tym p an ica  in  th e  su rro u n d in g  
reg ion  of th e  cap su le  from  th e  v e n tra l  s ide of th e  em bryo .

T h e  b eh av io u r of th e  G olgi a p p a ra tu s , RNA and  DNA is s im ila r to  th a t  in 
em bryos 12 a n d  14 m m  long.

G lycogen . P re p a ra tio n s  s ta in ed  by  th e  P A S  m eth o d  a n d  B es t’s ca rm in e  co n ta in  
p in k  o r p u rp le  g ra n u le s  in  th e  ce lls  of th e  capsu le . S im ila r  g ran u le s  a re  also  
p re se n t on th e  lev e l o f tu r n  II  in  th e  ap ica l p a r t  of th e  cells of co ch lear d u c t w all 
(Fig. 7).

E m b ry o s 20 m m  long (gu inea p igs nos. 9, 15, F igs. 8— 11).

T h e  co ch lear duct, fo rm in g  tw o and  a  h a lf  tu rn s , su rro u n d s  th e  n e rv e  fib re s  and
th e  sp ira l gang lion  cells s i tu a te d  in th e  m iddle . An a rea  of le s se r den sity  of th e
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connec tive  tissu e  cells, fo rm ed  a s  th e  re s u lt of cy to lysis, can  be seen  in  th e  a re a  
su r ro u n d in g  th e  b asa l tu rn  a t th e  p lace  w h e re  sca ia  uestib u li an d  ty m p an i form . 
T h e  n u c le i a re  observed  to  m ig ra te  in  th e  d irec tio n  of th e  base  of th e  cells in  th e  
p seu d o s tra tif ied  e p ith e liu m . P A S +  g ran u le s  a re  v is ib le  in  th e  cy to p lasm  of th e  
cells of th e  ep ith e liu m , th e  cells of th e  connective  tissu e  and  th e  capsu le . A c lea rly  
v is ib le  th in  m em b ran e  covers th e  su r fa c e  of th e  ep ith e liu m  cells o v e r th e  a re a  of 
th e  b a sa l tu rn .

A l. P ase  — localisa tion  of th e  enzym e tak es  p lace  p rim a rily  in  th e  e x te rn a l 
p a r t  of th e  cap su le  w ith in  a n a rro w  tr a c t  of p e rich o n d riu m . Al. P a se  e x h ib its  li t t le  
a c tiv ity  in  th e  re m a in d e r  of th e  p re p a ra tio n . Ac. P a se  —  is lo ca ted  in  th e  ap ica l 
p a r t  of th e  ep ith e liu m  cells (Fig, 9). E longa ted  b lackened  p a tc h e s  w ith  fa ir ly  
d is tin c t b o u n d a rie s  a re  v is ib le  in  th is  p a r t  of th e  cells. G re a te s t enzym e ac tiv ity  
is en co u n te red  w ith in  th e  gang lion  ceils in  th e  fo rm  of oval b lack  a rea s  s i tu a te d  in  
th e  m a rg in a l p a r t  o f th e  cy top lasm  (Fig. 10).

L.D, occurs in  th e  ap ica l p a r t  of th e  cells of th e  cochlear d u c t ep ith e liu m , ex 
h ib itin g  co n sid e rab le  a c tiv ity  in th is  p lace (Fig. 8). L.D. in th e  n e rv e  cells is 
s im ila rly  ac tiv e . S.D. e x h ib its  v e ry  s lig h t a c tiv ity  in  th e  e p ith e liu m  cells and  
s lig h tly  g re a te r  a c tiv ity  in th e  n e rv e  cells.

T h e  ash p ic tu re  of th e  cochlea con ta in s  sm all, no t v ery  n u m ero u s  p a rtic le s  w h ich  
sh ine  w h ite  ag a in s t th e  d a rk  b ack g ro u n d  w hen seen  u n d e r a m icro scope (Fig, 11).

E m bryos 32 m m  lo n g  (gu inea p ig  no. 40, F igs. 12— 14).

S even  sections of th e  coch lear d uc t can  be seen  in  th e  a x ia l sec tion . T he  free  
spaces fo rm in g  th e  sca la  u cs tib u li an d  t ym p a n i  can  be seen ro u n d  th e  coch lear 
d u c t in  th e  reg ion  of th e  b asa l tu rn . F rom  th e  e x te r io r  th e  coch lea  is su rro u n d ed  
by a  c a rtilag in o u s  capsule.

C e rta in  d iffe ren ces can  be  seen in th e  ep ith e liu m  of th e  co ch lea r duct, p a r t i 
c u la r ly  in  th e  reg ion  of the b asa l tu rn . T he  h ig h es t p seu d o s tra tif ied  co lum nar 
ep ith e liu m  is s i tu a te d  in  th e  reg ion  of th e  low er w all, in th e  im m ed ia te  v ic in ity
of th e  n e rv e  cells. U sually  th e  la te ra l  w a ll an d  p a r t  of th e  u p p e r w a ll of th e
co ch lear d u c t a lre a d y  possess s im p le  co lu m n ar e p ith e liu m . F ro m  th e  p e ric e n tra l
side  of th e  co ch lear d u c t th e  e p ith e liu m  can  be o bserved  to  be s l ig h tly  concave a t
th e  lev e l of th e  b a sa l tu rn . M esenchym al cells a re  c o n cen tra ted  in  th is  p lace , fo rm 
in g  l im b u s  spiralis.  In  th e  p e r ic e n tra l p a r t  of th e  low er w a ll th e  su rfa c e  of th e  cells 
is covered  by  a th in  m e m b ra n a  tectoria  w h ich  s ta in s  p in k  b y  th e  P A S  m ethod .

In th e  m ed ia l p a r t  of th e  ty m p an ic  w all fo u r cells can  be  d is tin g u ish ed  w ith  la rg e  
lig h t-co lo u red  n u c le i and  in ten siv e ly  s ta in in g  cy top lasm  ly ing  ab o v e  th e  n u c le i in
th e  rem a in in g  cells of th e  low er w a ll — th ese  a re  h a ir  cells (Fig. 12). T h e  cy top lasm
of th e se  cells ex h ib its  d is tin c t p y ro n in  ab so rp tion , and  also  s ta in s  in ten siv e ly  w ith  
gallocyan in .

T he G olgi a p p a ra tu s  in th e  ce lls  of th e  low er w a ll can  b e  seen  as e longated  
fo rm a tio n s . T he  h a ir  cells and  th e  cells of th e  rem a in in g  p a r t  of th e  coch lear d ue t 
con ta in  G olg i a p p a ra tu s  in  th e  sh ap e  of oval fo rm ations. In  th e  n e rv e  cells th e
p osition  of th e  a p p a ra tu s  is p o la r (Fig. 14).

G lycogen . V ery  num erous g ra in s  of P A S +  can be  seen  in  th e  e p ith e liu m  in  th e  
reg io n  of tu rn  IV. F a r  few e r g ra in s  a re  o bserved  in  th e  cy top lasm  of cells on th e  
lev e l of th e  rem a in in g  tu rn s  (Fig. 13).

15 — A c ta  th e r io l.
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S.D, — th e  enzym e is v e ry  ac tiv e  in th e  cells of th e  e x te rn a l w all of th e  coch lea 
a n d  in  th e  n e rv e  cells. L .D . — is d is tingu ished  by g re a t ac tiv ity  in  th e  cells of th e  
coch lear duct an d  v e ry  g re a t ac tiv ity  in  th e  cells of th e  e x te rn a l w all of th e  coch lear 
d u c t and  in th e  n e rv e  cells.

A l. P ase  — e x h ib its  g re a t ac tiv ity  w ith in  th e  p e ric h o n d ra l capsule. Ac. P a se  — 
occurs in th e  ap ica l p a r t  of th e  ep ith e liu m  an d  in  th e  m arg in a l p a r t  of sp ira l cells.

E m bryos 35 m m  long (gu inea  pig no. 7, F igs. 15—21).

T he coch lea is su rro u n d ed  by a c a rtilag in o u s  capsu le . T he coch lear d u c t fo rm s 
fou r tu rn s , be ing  su rro u n d ed  in  the reg ion  of tu rn s  I an d  II by th e  p e rily m p h a tic  
space. In  th e  m ed ia l p a r t  of sca la  ves t ib u l i  and  t ym p a n ic i  th e re  a re  single connec tive  
tissu e  cells, b u t n u m ero u s m esen ch y m al cells s till occur n e a r th e  w alls (Fig. 15).

T he  coch lear d u c t is tr ia n g u la r  in  sh ap e  in  th e  reg ion  of th e  b asa l tu rn , b u t is 
oval in th e  a re a  of th e  rem a in in g  tu rn s . T h e  w alls  of th e  d u c t a re  fo rm ed  of m o rp h o 
log ica lly  d iffe rin g  e lem en ts  (Fig. 15, 16).

T ym pan ic  w a ll: Itm bus sp ira lis  is covered  b y  a s im p le  c o lu m n a r ep ith e liu m , w h ile  
th e re  is  p se u d o s tra tif ie d  c o lu m n a r ep ith e liu m  in th e  reg ion  of th e  su lcus sp ira lis  e i -- 
ternis.  A  th in  m e m b ra n a  tectoria  can  be seen  on th e  su rface  of th e  ep ith e liu m  of 
Iim bus  spiralis  an d  of th e  p seu d o s tra tif ied  co lu m n a r ep ith e liu m , w h ich  e x ten d s  to  
th e  o u te r  h a ir  cells. T h e  o u tlin e  of th e  in n e r tu n n e l an d  space  of N uel, p illa rs  and  
ce lls  of D eite rs , and  th e  in n e r  o u te r h a ir  cells ly in g  h igher, can  b e  seen a t th e  lev e l 
o f tu rn  I in th e  m ed ia l p a r t  of v e s tib u li. T he cells of H ensen  ad jo in  th e  o u te r h a ir  
cells, th e n  com e the c y lin d ric a l cells of C laud iu s. Su lcu s  spiralis  e x te rn u s  is lin ed  
w ith  sim p le  co lu m n ar e p ith e liu m  cells.

E p ith e liu m  v es tib u li lies on m em b ran a  b a s ila ris  con ta in ing  a th in  tr a c t  of fib res  
w h ich  s ta in  b lu e  w ith  A zan . In  th e  s ilv e red  p re p a ra tio n s  th e  f ib re s  can  be seen  in  
'th e  fo rm  of a  th in  b u n d le  of b lack  fib rils .

R e issn e r’s m em b ran e  is fo rm ed  by squam ous cells, to  w hich  sing le  connec tive  
tissu e  cells ad h e re  from  th e  side  of seal a vestibuli.

T h e  sp ira l p ro m in en ce  is v is ib le  on th e  e x te rn a l w all. T h is w all is fo rm ed  by the  
cy lin d rica l ep ith e liu m  to  w h ich  th e  cells of connec tive  tissu e  an d  blood vessels a re  
a d jac en t. U n d er ep ith e liu m  of s tr ia  v a sc u la ris  and  in  l ig a m e n tu m  spirale  cells occur 
possessing  processes, th e  cy top lasm s of w hich  co n ta in  g ran u le s  of b ro w n  p ig m en t. 
L ig a m e n tu m  spirale  is fo rm ed  of co nnec tive  tissu e  cells an d  re tic u la r  fib res.

A d is tin c t G olgi a p p a ra tu s  w ith  a c h a ra c te r is tic  sh ap e  in  th e  v a rio u s cells occurs 
in th e  cells o f th e  co ch lear duc t. C ells of th e  low er w all of th e  d u c t and  R e issn e r’s 
m em b ran e  possess th e  la rg e s t Golgi a p p a ra tu s  (Figs. 18—21).

RNA. T he cy top lasm  of th e  h a ir  cells rev ea ls  th e  p resen ce  of fine, v ery  a b u n d a n t 
g ra n u la r  m a tte r  s ta in ed  b lue  w ith  gallocyan in . S im ila r g ra n u la tio n  (bu t less ab u n d an t)  
occurs in  th e  o th e r cells of th e  co ch lear duct.

N u m erous P A S +  g ra in s  occur in  th e  cells of stria  vascularis ,  less n u m ero u s  
in  th e  cells of su lcus sp ira lis  e x te rn u s  and  in th e  p seu d o s tra tif ied  co lu m n ar ep i
th e liu m  n e a r  l im bu s  sp ira lis  (Fig. 17). A  s im ila r p ic tu re  is observed  a f te r  s ta in in g  
th e  p re p a ra tio n s  w ith  B e s t’s ca rm ine . T he h a ir  cells do n o t co n ta in  P A S +  g ra in s . 
T he  te c to ria l m em b ran e  s ta in s  p in k  by th e  P A S  m ethod .

A l. P ase . V ery  g re a t a c tiv ity  of th e  enzym e is observed  in  th e  p e rich o n d riu m . Ac. 
P ase  is d is tin g u ish ed  by m a rk e d  a c tiv ity  in th e  ap ica l p a r t  of cells of th e  p seu d o 
s tra tif ie d  co lum nar ep ith e liu m , h a ir  cells and in  th e  m a rg in a l p a r t  of sp ira l gang lion  
cells.
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E m b ry o s 38 m m  long  (gu inea p ig  no, 34, F igs. 22—23).

T he co ch lea r d u c t fo rm s fo u r fu ll tu rn s  (Fig. 22). T he  fo rm ed  p e rily m p h a tic  space  
can  be seen  ro u n d  th e  coch lear d u c t a t  th e  leve l of tu rn s  I, II  an d  p a r t ia l ly  III . 
T h e re  a re  n u m ero u s  connec tive  tissu e  cells a rra n g e d  in  fa n -sh a p e  b e tw een  th e  
e x te rn a l w a ll an d  th e  ca rtilag in o u s  capsu le  (on th e  s ite  of th e  fo rm in g  lig am en tu m  
sp ira le ) . T h e  g re a te s t  m orpho log ica l d iffe rences a re  e x h ib ite d  by  th e  coch lear duct 
in  th e  reg io n  of th e  b a sa l tu rn . R e issn e r’s m em b ran e  is fo rm ed  from  th e  lay e r of 
sq u am o u s cells. S ing le  connective tissu e  cells, som e of w h ich  e x h ib it a tro p h ic  
fe a tu re s , lie  o u ts id e  th is  layer.

T y m p an ic  w a ll: lim bus spiralis  covered  w ith  s im p le  eubo idal ep ith e liu m  can  be 
seen  n e a r  th e  c en tre . P seu d o s tra tif ied  co lu m n ar ep ith e liu m  covered  w ith  a th in  
te c to ria l m e m b ra n e  is located  on m e m b r a n a  basilaris  on th e  s ite  of th e  fu tu re  su lcus 
sp ira lis  in te rn u s . S u p p o rtin g  cells, h a ir  cells, in n e r tu n n e l of C o rti and  space of N uel 
a re  c le a rly  v is ib le .

S u lcu s sp ira lis  e x te r n u s  is fo rm ed  of sim p le  c o lu m n a r ep ith e liu m . In  p re p a ra tio n s  
s ta in ed  b y  th e  A zan  m ethod  f ib re s  s ta in in g  b lue  an d  p u rp le  by  th e  P A S  m ethod  
can  be seen  w ith in  m e m b ra n a  basilaris. T he  tra c ts  of f ib re s  w ith in  m e m b r a n a  basi
laris  can  be seen  in  th e  s ilv e red  p re p a ra tio n s . T hese f ib re s  su rro u n d  su lcus sp ira lis  
on one  side  b u t  p e r ic e n tra lly , in  th e  connec tive  tissu e  of l im b u s  spiralis,  a re  a r r a n g 
ed in  a  fa n - sh a p e  (Fig. 23). T he e x te rn a l w all, d iv ided  by  pro m inen t ia  spiralis, is 
fo rm ed  of eu b o id a l ce lls  an d  th e  co nnec tive  tissu e  ce lls  c lose ly  ad h e rin g  to  it.

P re p a ra tio n s  s ta in ed  w ith  g a llo cy an in  e x h ib it in ten s iv e  s ta in in g  of cy top lasm  of 
th e  in n e r  e a r  cells. W ith in  th e  n uc le i n u m ero u s fa ir ly  la rg e  ch ro m a tin  p a rtic le s  can 
be seen.

G lycogen . P re p a ra tio n s  s ta in e d  by th e  PA S  m eth o d  an d  w ith  B est’s ca rm in e  
re v e a l th e  p re sen ce  of g ra in s  s ta in in g  p in k  in  th e  ep ith e liu m  of tu rn s  II I  an d  IV 
an d  in  th e  e p ith e liu m  of th e  e x te rn a l w all of a ll th e  tu rn s .

E m bryos 40 m m  long (guinea pig no. 6, F ig . 24).

T h e  coch lear d u c t fo rm s fo u r tu rn s  and  is tr ia n g u la r  in  shape  a t  th e  leve l of tu rn s  
I and  II , an d  o v a l on th e  rem a in in g  tw o. T he  co ch lear d u c t is su rro u n d ed  by the  
p e rily m p h a tic  sp ace  in  th e  a re a  of th e  b asa l an d  second tu rn . T he  ep ithe lium  of th is 
d u c t is m o rp h o lo g ica lly  d if fe re n tia te d  o v e r th e  a re a s  of tu rn s  I an d  II an d  p a r t ly  II I .

G lycogen . In  p re p a ra tio n s  s ta in ed  by  P A S  m eth o d  g ra n u le s  s ta in ed  p ink  can  he  
seen  in  th e  ce lls  o f stria  vascu lar is  an d  cells of th e  w a ll of th e  co ch lear duct.

A l .P a s e  — som e in c rease  in  th e  a c tiv ity  of th e  enzym e is observed  in  th e  cochlear 
d u c t e p ith e liu m , w ith  th e  ex cep tio n  of R e issn e r’s m em b ran e . In  ad d itio n  b lack  
p a tch e s  a re  o bserved  in  th e  gan g lio n  cells an d  p lace s w ith in  th e  cell m em b ran e  of 
g ang lion  cells (Fig. 24).

E m b ry o s 45 m m  an d  50 m m  long (guinea p igs no. 14, 50, F igs. 25— 27).
t . r

T he d if fe re n tia tio n  p rocess con tinues in  th e  coch lear duct. In  th e  b asa l p a r t  of 
th e  du c t, in  p re p a ra tio n s  s ta in ed  by  the A zan m ethod , a t r a c t  of fib res  a rra n g e d  in 
fa n - sh a p e  an d  s ta in in g  b lu e  can  b e  seen  in  lim bus spiralis.  T h is t r a c t  is also  v is ib le  
in  p re p a ra tio n s  s ilv e red  by th e  G om ori m ethod . F ib re s  ly ing  in  th e  basa l p a r t  o f th e  
d u c t also  s ta in  red  w ith  th e  use  o f th e  PA S m ethod  (b u t only  over th e  a re a  of th e  
b a sa l m em brane).
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L im b u s sp ira lis  is cov e red  by cu b o id a l ce ll ep ith e liu m  a t  th e  level o f th re e  tu rn s , 
an d  a  s im ila r  m em b ran e  is p re s e n t in su lcus spiralis  e x te rn u s ,  b u t p seu d o s tra tified  
ep ith e liu m  occurs in su lcu s in ternus .  R e issner’s m em b ran e  is fo rm ed  of sim ple  
squam ous ep ith e liu m  an d  a la y e r  of connective  tissu e  cells. Prom inentia  sp ira lis  is  
d is tin c tly  v is ib le  on th e  e x te rn a l w all. B lood vessels a re  loca ted  under th e  ep ithe lium . 
N um erous p igm en t cells occu r w ith in  stria vascularis .

R N A . T he  cy to p lasm  of ce lls  of th e  lo w er w a ll of th e  cochlear duc t, and p a r t i 
c u la r ly  th e  h a ir  cells, e x h ib i t d is tin c t p y ro n in  a b so rp tio n , and  s im ila r ab so rp tio n  
is o bserved  in  cells of ¡¿m bus sp ira lis  an d  in  th e  ce lls  of stria  vascularis .  S ing le  
g ra n u le s  s ta in e d  w ith  p y ro n in  can  be seen  in  th e  cy top lasm  of gang lion  cells.

W hen s ta in in g  is c a rr ie d  o u t by  P A S  m ethod  n u m ero u s g ran u les  can  be  seen  
in  th e  cells of s t r ia  v a scu la ris , in th e  cells of su lcus  spiralis  in  its  p e r ic e n tra l p a r t  
n e a r  tim bus spiralis  an d  in th e  reg ion  of th e  in n e r tu n n e l of C orti. In  ad d ition  
m e m b ra n a  basilaris  an d  m e m b ra n a  te c to ria  s ta in  pu rp le . O u tstand ing ly  s tro n g  
P A S +  re a c tio n  is o bserved  in  th e  c a r t ila g e  an d  n e rv e  cells.

L.D. e x h ib its  co n sid e rab le  a c tiv ity  in coch lear d u c t ep ith e liu m , ch iefly  in  th e  
ap ica l p a r t  o f  cells o f  th e  e x te rn a l w all and  h a ir  cells (Fig, 26). S.D, e x h ib its  consid
e ra b le  a c tiv ity  in  n e rv e  cells o f ganglion spirale.

A l. P ase . G re a t a c tiv ity  is o bserved  in  th e  ca rtilag in o u s  capsule. M odera te  ac tiv ity  
can be seen in  cells o f th e  fo rm in g  o rgan  of C orti, and  s lig h tly  g rea te r ac tiv ity  in  
strta  vascularis  and  R e issn e r 's  m em b ran e  (Fig. 25). Ac. P ase . is m ost ac tiv e  in  th e  
n e rv e  cells of ganglion spirale,  and  is a lso  lo ca ted  in  th e  a p ica l p a r t  of cells of p a -  
piWa basila ris , w hen i t  can  be seen  in  th e  fo rm  o f len g th w ay s  b lack  patches.

T he ash  p ic tu re  c o n ta in s  fa ir ly  n u m ero u s  sm all p a rtic le s  in  cells of th e  coch lear 
d u c t ep ith e liu m  and  in  co nnec tive  tissu e  (Fig. 27). W hen  seen  ag a in s t a d a rk  b a c k 
g ro u n d  these  p a rtic le s  g ive a w h ite  glow , and  sing ly  —  a b lue  or p ink  glow.

E m bryos 55 m m  long (gu inea p igs nos. 16, 17, F igs. 28— 30).

T h e  coch lear duct consists of fo u r fu ll tu rn s , and  is su rro u n d ed  by p erily m p h a tic  
space. M esenchym al cells a re  p re s e n t in  th e  m a rg in a l p a r t  o f these  spaces. T h e  d u c t 
is tr ia n g u la r  a t th e  level of a ll tu rn s . H a ir  cells, su p p o rtin g  cells, p illa rs , and  cells 
of D e ite rs  and  H ensen  can  be seen  w ith in  th e  low er w all. L im bus sp ira lis  is  covered  
w ith  sim p le  co lu m n ar ep ith e liu m . S u lcu s sp ira lis  in te rn u s  is filled  w ith  p se u d o s tra 
tified  ep ith e liu m . T h e  h igh  cells o f th is  ep ith e liu m  ly in g  n e a r Eimbus sp ira lis  
u n d erg o  cy to ly tic  p rocesses. V acuo lisa tion  in  th e  cy to p lasm  is o bserved  earlie s t; 
th e  c e llu la r  n u c le i n e x t undergo  k aryo ly sis , th e  G olgi a p p a ra tu s  being  th e  la s t to 
u n dergo  change. S u lc u s  spiralis  in te rn u s  is fo rm ed  in  th is  w ay . T he vacuo lised  
cy top lasm  in p re p a ra tio n s  sta in ed  w ith  H E  (Fig. 29) is ev idence  of th e  p resence  of 
cy to lysis of th e  cells of th e  p seu d o s tra tif ied  co lu m n ar ep ith e liu m . A ccum ula tion  of 
PA S +  g ran u les  is observed  in  th is  p lace  (Fig. 30).

C ells of l im b us  spiralis  and su lcu s sp ira lis  a re  co v ered  by m e m b ra n a  tectoria,  
w h ich  e x ten d s  over th e  a re a  of a ll th e  tu rn s  to  th e  o u te r h a ir  cells. R e issner’s 
m em b ran e  is fo rm ed  of tw o la y e rs  of squam ous cells.

A la rg e  oval G olgi a p p a ra tu s  occurs in  h a ir  cells, cells of lim b u s sp ira lis  an d  in 
ce lls  of p ro m in en t ia  spiralis,  b u t  in  cells of s t r ia  v a sc u la r is  th e  G olgi a p p a ra tu s  is 
b a re ly  v isib le . In  th e  n e rv e  cells th e  a p p a ra tu s  su rro u n d s  V* of th e  ce llu la r  nucleus.

N u m erous RNA g ra in s  can be seen in th e  cells of th e  p e rich o n d riu m .
P A S  m ethod  — g ran u le s  s ta in ed  p u rp le  a re  observed  in  th e  p seu d o s tra tif ied

c o lu m n ar ep ith e liu m  n e a r  su lcus sp ira lis, in th e  reg ion  of th e  fo rm in g  in n er tu n n e l
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an d  in stria  v ascu la ris . M em brana  basila ris  an d  m e m b r a n a  tectoria  also s ta in  w ith  
th e  PA S m ethod .

L.D. — e x h ib its  very  g re a t ac tiv ity  in  the ce lls  of str ia  vascularis ,  in  the h a ir  
cells and  g ang lion  cells, b u t  le sse r a c tiv ity  in  th e  re m a in in g  tissu es (Fig. 28). S. D .— 
ex h ib its  d is tin c t a c tiv ity  only in  th e  cells of stria, vascu lar is  an d  th e  h a ir  cells.

E m b ry o s 65 m m  long (gu inea pigs nos. 13, IB, 24, Figs. 31—36).

T he co ch lear d u c t ex h ib its  con tinued  d if fe re n tia tio n  of su lcu s sp ira lis  in te rn us
over the a re a  of tu rn s  I, II and  p a r tly  II I  (Fig, 31). In  th e  ap ica l p a r t  of th e  cells 
o f th is  su lcu s th e re  is a  f la tten ed  G olgi a p p a ra tu s  (Fig. 34). W ith in  zona pectinata  
of m em b ra n a  basilaris  tw o tra c ts  of fib res  can be  seen, be tw een  w h ich  th e  fla tten ed  
cells a re  located . Z ona arcuata  of m em b ra n a  basilaris  co n ta in s  one lay e r of fib res. 
M esenchym al cells a re  loca ted  below  th e  fib res  o f b o th  tra c ts . T h e re  a re  n um erous 
a re a s  of ossifica tion  in  th e  ca rtilag in o u s  cap su le  o f th e  cochlea, w ith  th e  excep tion  
of th a t p a r t  o f th e  cap su le  on th e  sam e level as th e  f in a l tu rn s  of th e  cochlea. 
G ra in s o f g lycogen ap p ea r in th e  h a ir  cells (single cells a re  a lso  observed  in  th e  
ganglion  cells). L im b u s  spiralis  is covered  by m e m b r a n a  tectoria  e x ten d in g  from  th e  
o th e r side to th e  o u te r h a ir  cells (Fig. 33). T h e  p osition  o f th e  Golgi a p p a ra tu s  in 
th e  ganglion  cells is now  ap o la r (Fig. 35). T he  e x te rn a l w a ll of th e  coch lear d u c t is 
a lso  d if fe re n tia te d  to  a g re a t e x te n t (Pig. 32),

RNA — th e  cy top lasm  of th e  h a ir  cells con ta in s v e ry  fin e  g ra n u la r  m a tte r  s ta in in g  
w ith  py ron in . S ing le  N issl’s bodies ap p e a r  in  th e  cy to p lasm  of th e  ganglion  cells. 
T h e re  a re  also n u m ero u s  g ra in s  of RNA in th e  cells of th e  p e rio steu m .

L ip ids — sm all sp h e rica l fo rm atio n s  ab o u t 6 ft in  d ia m e te r  s ta in in g  w ith  R
sca rle t, o il red  O an d  b lack e n in g  w ith  osm ic acid , can  b e  seen  in  th e  cells o f H ensen  
o ver th e  a re a s  of tu rn s  II I  an d  IV. T he m yelin  sh e a th s  of th e  co ch lear n e rv e  fib re s  
a lso  s ta in  b lack  (Fig. 36).

Ac. P ase  — th e  ac tiv ity  and  lo ca lisa tion  of th e  enzym e h av e  n o t u n d e rg o n e  any  
g re a t  changes. A l. P a se  — is c h a rac te rised  b y  g re a t  a c tiv ity  in  th e  ca rtilag in o u s  
capsu le  over an  a re a  co rrespond ing  to  th e  o ccu rren ce  of a rea s  of ossification .

L.D. is v e ry  ac tiv e  in  th e  ep ith e liu m  of th e  co ch lear duc t, in  s tr ia  vascularis  and  
in th e  n e rv e  cells. S.D. — is d is tin g u ish ed  by v e ry  g re a t a c tiv ity  in  th e  cells of stria  
vascularis  and  in  th e  n e rv e  cells, and  by s ligh tly  le sse r in  th e  h a ir  cells.

E m bryos 70 m m  long (gu inea p ig s nos. 19, 32).

T h e  ca rtilag in o u s  cap su le  rev ea ls  th e  p resence  of n u m ero u s  a re a s  of ossification . 
T h e  co ch lear d u c t fo rm s fo u r tu rn s  w ith  a fo rm ed  p e rily m p h a tic  space, w ith  th e  
ex cep tio n  of tu rn  IV. L im bus spiralis  is covered  by cells, th e  lo w er lim its  of w hich  
a re  inv isib le . S u lcus sp ira lis  in te rn u s  is located  in  th e  space  of tw o  tu rn s . O n th e  
e x te r io r  fro m  su lcus spiralis  in te rn u s  a  few  p se u d o s tra tif ie d  c o lu m n ar ep ith e liu m  
cells  can  be seen , also  p illa rs , th e  in n e r  tu n n e l, space of N uel, o u te r  h a ir  cells an d  
cells of H ensen . T he la y e r  of s im p le  co lu m n ar e p ith e liu m  is s i tu a te d  in su lcus sp i 
ralis e x te rnu s .

W hen th e  PA S  m ethod  is used g ra in s  s ta in ed  p u rp le  occur in  th e  cy top lasm  of 
cells of su lcu s spiralis  in te rn us  et e x te rn u s  in  th e  h a ir  cells an d  in  su p p o rtin g  cells.

T h e  e x te rn a l w a ll is d iv ided  in to  tw o p a r ts  of p ro m inen t ia  spiralis.  T h e  u p p er 
p a r t  c o n ta in s  n u m ero u s  blood vesse ls  u n d e r th e  ep ith e liu m . PAS-I- g ra in s , also 
s ta in in g  w ith  B est’s ca rm ine , occur u n d e r th e  e p ith e liu m  of s tr ia  vascularis  an d  in

II'



230 S. C hodynick i
,i

th e  spaces of l ig a m e n tu m  spirale,  T he  cy top lasm  of cells of gang lion  sp ira le  co n ta in  
s ligh tly  m ore  n u m ero u s  g ra in s  of ribonucle ic  acid.

E m b ry o s 75 m m  long (gu inea  pig no. 23),

O ssifica tion  o f th e  w ho le  co ch lear capsu le  h a s  tak en  place . G ra in s s ta in in g  w ith  
B est’s ca rm in e  can  be seen  in  th e  ex te rn a l and  in te rn a l h a ir  cells and  p a r t ly  in  th e  
su p p o rtin g  cells and  ce lls  of su lcu s sp ira lis  e x te r n  us, T hese  g ra in s  occu r m ost 
n u m ero u sly  w ith in  th e  ce lls  o f tu rn  IV.

E m b ry o s BO m m  long  (guinea p ig s nos. 10, 12, 27, 31, 48).

T he e x te rn a l and  in te rn a l s t r a ta  o f th e  sh ea th  su rro u n d in g  th e  in n e r e a r  is by 
now  fo rm ed  of bone tissu e , b u t a rea s  of ca rtilag in o u s  tissu e  a re  o b se rv ed  in  th e  
m ed ia l s t ra tu m  of th e  sh ea th .

T h e  o rgan  of C o rti is m orpho log ica lly  d if fe re n tia te d  a t  th e  lev e l of a ll th e  tu rn s , 
b u t th e  in n e r tu n n e l of C o rti is le a s t d is tin c tly  fo rm ed  o v er th e  a re a  o f tu r n  IV.

T h e re  is a la rg e  oval Golgi a p p a ra tu s  in th e  h a ir  cells.
T h e  cy to p lasm  of th e  h a ir  cells s ta in s  w ith  ga llo cy an in  a  fa in t d a rk  b lu e .
T he e x te rn a l h a ir  cells co n ta in  num erous P A S +  g ra in s  a t  th e  lev e l of tu rn s  I I I  

and  IV.
A l. P ase , S lig h t a c tiv ity  of th e  enzym e is observed  a t  th e  d if fe re n t tu rn s  of th e  

cochlea, th e  g re a te s t over th e  a rea  of tu rn  IV. A  s im ila r p ic tu re  can b e  seen  in  p r e 
p a ra tio n s  in cu b a ted  in  o rd e r  to  re v e a l Ac. Pase.

E m b ry o s 85 m m  long (gu inea pigs nos. 3, 22, 41, 46, 40, F igs. 37—41),

A reas of ca rtilag in o u s  tissue  can be seen in  th e  m ed ia l p a r t  of th e  sh ea th . T he 
coch lear d u c t is  com p le te ly  fo rm ed , the su lcus spiralis  in ternus ,  in n e r  tu n n e l of 
C o rti an d  N u e l’s space  a re  c le a rly  v is ib le  over th e  a re a  of a ll tu rn s  (Fig. 37). T h ere  
a re  sin g le  m esenchym al cells n ea r th e  m e m b ra n a  basilaris  in  th e  reg io n  of sca la  
ty m p a n i .  Zo na  pectina ta  of m e m b ra n a  basilaris  is fo rm ed  by tw o s t r a ta  of f ib res , 
be tw een  w h ich  th e re  a re  e longate  cells.

RNA . T h e re  a re  n u m ero u s  N issl’s bodies in  th e  cells of th e  sp ira l gang lion  I
(Fig. 38), I

N u m ero u s g lycogen  g ra in s  f i ll  the o u te r  h a ir  cells of iso la ted  tu rn  IV , an d  A
can  a lso  be seen  in  th e  su p p o rtin g  cells and  cells of sulcus spiralis ex te rn u s  (F ig. \|
39). T he n u m b e r of g ra in s  g ra d u a lly  d ecreases to w ard s  tu rn  I. A s im ila r p ic tu re  can 
be seen  a f te r  s ta in in g  w ith  B e s t’s carm ine .

L ip id s  (iso la ted  tu r n  IV) — th e re  is a  t r a c t  of sp h e rica l fo rm a tio n s  on e ith e r  
side  of th e  in n e r  tu n n e l of C orti, s ta in in g  an  o ran g e  co lou r w ith  oil re d  O an d  an  
p in k  co lou r w ith  N ile  b lue . T he o u te r t r a c t  co rresp o n d s to  cells of H ensen , th e  in n e r  
to  cells of su lcus spiralis  in te rn u s  (Fig. 40).

A l. P ase . T h e  enzym e o ccu rs  in th e  h a irs  of th e  e x te rn a l and  in te rn a l senso ry  
cells (Fig. 41).

E m b ry o s 90 m m  long  (guinea p igs nos. 21, 37, 38, 39, 46, 91, F ig . 42).

T he  cap su le  su rro u n d in g  th e  cochlea co n ta in s  a rea s  of h y a lin e  c a rtila g e  in the  
m ed ia l p a r t .  M orpho log ica lly  th e  coch lear d u c t is s im ila r in  ap p e a ra n c e  to  a p ic tu re
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of th e  in n e r  e a r  in  a d u lt  an im a ls . T h e  c lea rly  v is ib le  prom inen t ia  spiralis  on th e  
ou te r w a ll is re m a rk a b le  — below  p ro m in en tia  th e re  is th e  sp ace  of th e  sp ira l 
lig am en t.

F ib re s  o f m e m b r a n a  b a s ila ris  s ta in  w ith  th e  A zan m ethod , P A S  an d  G om ori’s 
m eth o d  (Fig- 42).

G lycogen  —  n u m e ro u s  g ra in s  a re  v is ib le  in  th e  h a ir  cells, s in g le  g ra in s  in  the  
su p p o r tin g  cells.

L ip id s  — osm ic acid  — sm a ll oval fo rm a tio n s  s ta in in g  b lack  w ith  osm ic ac id  a re  
s itu a te d  on th e  e x te rn a l side  of th e  o rgan  of C o rti. A  s im ila r p ic tu re  can  be seen in 
p re p a ra tio n s  s ta in e d  w ith  ft sc a r le t.

L. D. —  v e ry  n u m ero u s  d a rk  b lue  g ra in s  a re  observed  in  the h a ir  cells, p a r t ic u l
a r ly  in  th e  reg io n  of tu r n  IV , s lig h tly  less n u m ero u s  b u t  co m p le te ly  f illin g  th e  c y to 
p lasm , in  th e  sen so ry  ce lls  o f th e  b a sa l tu rn . In  th e  reg ion  of tu rn  IV, lac tic  d e h y d ro 
genase  is a lso  v is ib le  in th e  end ings and  n e rv e  fib res  n e a r  th e  in te rn a l h a ir  cells.
S .D . is a lso  c h a ra c te r is e d  by con sid erab le  a c tiv ity  in  th e  h a ir  cells.

E m b ry o s 100 m m  long  (guinea p igs nos. 47, 64, 65, 93, F igs. 43—45).

Ac. P a se  is v e ry  a c tiv e  in  cells of s tr ia  vascularis ,  in  cells of C lau d iu s an d  in  th e  
su p ra n u c le a r  sp ace  of th e  h a ir  cells (Fig. 45). Al. P ase  occurs ch ie fly  in  cells of 
str ia  vascu laris .  T h e  cy to p lasm  of th e  ganglion  cells con ta in s v e ry  n u m ero u s N iss l’s 
bodies.

L. D. th e  enzym e is v e ry  ac tiv e  in th e  e x te rn a l h a ir  cells; fo rm azan  g ra in s  g ive 
th e  cells a d a rk  b lu e  co lou r, w h ich  is a lm o st b lack  in p laces. T he  ac tiv ity  of th e  
enzym e is s lig h tly  less in  th e  in te rn a l h a ir  cells (Fig. 43). In  ad d itio n  fo rm azan  g ra in s  
a re  p re se n t in  th e  n e rv e  cells an d  fib re s  and  in th e  n e rv e  end ings (Fig. 44) and  in 
th e  cells o f stria  vascularis .  T h is  app lies  to  tu rn s  IV  an d  I I I , w h ile  in  th e  reg io n  
o f  tu rn s  I and  II  th e  fo rm azan  g ra in s  a re  no t so num erous. S. D. is v e ry  ac tiv e  in 
th e  in te rn a l and  e x te rn a l h a ir  cells an d  in  th e  cells of s tr ia  vascularis .

E m b ry o s 110 m m  long (gu inea  p igs nos. 64, 71, 92).

T he b asa l p a r ts  o f th e  h a ir  cells s ta in  a n  in ten se  p u rp le  co lour, w ith  PA S  m ethod . 
A l. P a se  — is d is tin g u ish e d  by  g re a t a c tiv ity  in  th e  h a ir  cells an d  p a r t ic u la r ly  g re a t 
a c tiv ity  in stria  v a scu la ris . Ac. P ase  — th e  enzym e can  be  seen in  th e  h a ir  cells, 
a n d  in  ad d itio n  w ith in  th e  ce lls  of s t r ia  vascularis .  S. D. an d  L. D. a re  m ost ac tiv e  
in  th e  h a ir  cells an d  cells of str ia  vascularis .

E m bryos 120 m m  long (gu inea p igs nos. 1, 45, F igs . 46— 48).

T he C orti’s o rg an  in  em bryos of th is  len g th  is s im ila r to th e  p ic tu re  o f th is  o rg an  
seen  in a d u lt a n im a ls  (Fig, 46). G olgi a p p a ra tu s  — is o v a l in  sh a p e  in  th e  h a ir  cells, 
a n d  is s itua ted  in  an  a p o la r  p o sitio n  in  th e  gan g lio n  cells (Fig, 48). G lycogen — T he 
o u te r  h a ir  cells c o n ta in  v e ry  n u m ero u s  g ra in s  s ta in in g  w ith  ca rm in e . S.D. — th e  
en zy m e  is v e ry  ac tiv e  in  th e  in te rn a l and  e x te rn a l h a ir  cells, an d  also  occurs in 
ce lls  covering lim bus sp ira lis  (Fig. 47). L. D. — also  v e ry  a c tiv e  — th e  h a ir  cells 
v a r y  in  shade fro m  d a rk  b lu e  to  b lack .

L ip ids — a  p re p a ra tio n  s ta in ed  w ith  N ile  b lu e  rev ea ls  th e  p resen ce  of sp h e rica l 
p in k  lip id  fo rm a tio n s  6 p in  d ia m e te r , lo ca ted  on th e  o u te r  s id e  of th e  sp ira l o rg an  
w ith in  th e  cells o f H ensen .
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2. D iscussion  of R esu lts

The epithelium  of the membranous labyrinth originates from the 
ectoderm, w hile the outer wall of the membranous labyrinth and osseous 
labyrinth develop from m esenchym e ( S t r e e t e r ,  1906; A n s o n ,  1934; 
G o d l e w s k i ,  1948; A l t m a n ,  1950; P a t t e n ,  1948, 1963; B o c h e 
n e k  & R e i c h e r ,  1965). At the 6— 9 som ite stage a thickening form 
ing the placode appears in the lateral convexity of the neural plate. The 
placode changes into the otic vesicle as the result of the sinking of the 
central part and the m argins converging.

The further developm ent of the auditory part of the inner ear in the 
guinea pig may, on the basis of the material elaborated, be divided into 
tw o periods:

Period I —  in which differentiation occurs in the spiral ganglion of 
the cochlear duct together w ith formation of the organ of Corti, the 
perilym phatic space and the osseous labyrinth (embryos up to 80 mm  
long).

Period II —  is characterised by the start of the bioelectric function  
of the organ of Corti and covers continued improvement, both morpho
logical and bioelectric, of the organ receiving sound (embryos from 80 
to 120 mm long).

2.1. F ir s t  p e rio d  of d eve lopm en t — m orphogenesis

At the beginning of this period, the otic vesicle develops and from  
its dorsal part the endolym phatic duct is then formed. The otocyst in 
turn divides into tw o parts: the upper, from which the utricle and m em 
branous sem icircular canals form, and the lower, from which the saccule  
and cochlea develop. The lum en of the saccule becomes convex in the 
part directed to the ventral side of the embryo and forms the cochlear 
duct (Figs. 1, 2, 3, 4).

On the exterior from the cochlear duct in em bryos 14 mm long there 
is a stratum  of intensively  staining m esenchym al cells, which form the 
rudim ent of the cochlear capsule. These cells next form into hyaline  
cartilage, which forms the capsule by the time the em bryos are 17 mm  
long. In em bryos 60 mm long, beginning from the basal turn, ossification  
begins which gradually (by the time the em bryos are 75 mm long) 
includes the whole capsule.

The m esenchym al cells are observed to become less dense, as the 
result of cytolysis, in the area surrounding the cochlear duct, which  
during this period is still oval in the cross-section and this less dense 
area forms the beginning of scaia vestibuli  and tym pani.  This space, at 
first surrounding the cochlear duct over the area of the first turns, 
extends to turn IV in em bryos 55 mm long (Figs. 6, 13, 15, 22).
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2.1.1. G a n g l i o n  s p i r a l e  o f  t h e  c o c h l e a .  N erve cells of 
the acousticofacial ganglion can be seen  near the anterior w all of the  
otic vesicle  (Figs. 1, 2). Num erous karyokinetic divisions are observed  
in these cells. During the further developm ent of the otocyst, the nerve  
cells m igrate to its pericentral side, where after the cells of the facial 
(geniculate) ganglion have separated, the upper part —  vestibular  
ganglion and the lower part —  the spiral ganglion of the cochlea —  
becom e separate. The cochlear ganglion cells, as the cochlear duct grows, 
are distributed along its pericentral w all (Fig. 6) and sim ultaneously  
the diam eter of the cells increases. These cells are characterised by the 
polar position of the Golgi apparatus, which does not take up an apolar 
position until the em bryos are 65 mm long. The first PA S +  grains and  
N issl’s bodies appear in the cells of embryos of this length (Figs. 1— 4, 
6, 8— 10, 14, 22, 24, 35).

2.1.2. C o c h l e a r  d u c t .  During the first period of form ation of 
the cochlear duct it increases in length and sim ultaneously adopts 
a spiral arrangement. The w alls of the duct are at first form ed by  
pseudostratified columnar epithelium  in which numerous cell divisions 
are observed, particular in the group of cells situated near the nerve  
elem ents of the ganglion spirale. A  small Golgi apparatus of elongated  
shape can be seen in the apical part of the high cells of the epithelium .

The shape of the cross-section of the duct also changes from oval to  
triangular. These transformations proceed gradually from the basal 
turn towards the apical turn as the differentiation of the w alls of the 
cochlear duct proceeds: (1) low er w all — tym panic w all w ith organ of 
Corti, (2) external w all —  stria vascularis, prominentia  spiralis et sulcus  
spiralis ex tem u s ,  (3) and the vestibular membrane —  R eissner’s m em 
brane.

2.1.3. T y m p a n i c  w a l l  o f  c o c h l e a r  d u c t .  D ifferentiation  
of the tym panic wall of the cochlear duct takes place earliest in the area 
of the basal turn and can be seen in em bryos as small as 30 mm. W ithin  
the pseudostratified colum nar epithelium  the cell nuclei are first ob
served to m igrate in the direction of the base of the cells. The hair cells  
next undergo differentiation, their large round nuclei being visible  
above the nuclei of the rem aining cells of the low er w all (Figs. 12, 15, 
16). The cytoplasm  of the hair cells stains intensively. These cells have  
a large oval-shaped Golgi apparatus located above the nucleus (Figs. 
18— 21).

The space of the future inner tunnel of Corti and N u el’s space begins 
to form betw een the pillars. The tunnel of Corti n ex t widens and finally  

;!! becom es triangular in shape. The formation of this tunnel takes place
!j
I
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along the whole cochlear duct from the basal to the apical turn, the  
tunnel extending to the epical turn by the time the em bryos are 80 mm  
long. Formation of the supporting cells, pillars, cells of D eiters and cells  
of Hensen takes place at the same time.

In embryos 55 mm long vacuoles appear in the pseudostratified  
columnar epithelium , but the cells them selves undergo cytolysis, and 
sulcus spiralis internus  is formed. Numerous PAS +  grains are observed  
in the area of the cells subject to cytolysis (Fig, 30). Considerable activ 
ity  of Ac. Pase can be seen in this place. As a result of cyto lysis the 
pseudostratified columnar epithelium  disappears, and the sulcus  spiralis 
internus formed is lined w ith sim ple columnar epithelium  w ith a flat
tened Golgi apparatus lying in the apical parts of the cells. These 
changes take place rapidly and the sulcus spiralis  internus can already  
be seen in the area of turn IV in embryos 75 mm in length (Figs. 29, 30, 
31, 33, 34).

2.1.4. T e c t o r i a l  m e m b r a n e .  By the time em bryos are 14 mm  
long a thin tectorial membrane appears in the pericentral part of the  
tym panic w all on the surface of the pseudostratified columnar ep ithel
ium  cells. The dim ensions of this membrane, which is of gelatinous
-fibrous structure and develops from the epithelium  cells, gradually  
increase as differentiation of the cochlear duct proceeds. In embryos 
55 mm long, and even more distinctly in em bryos 65 mm  long, the 
membrane described above covers the l imbus  spiralis, exten ds above 
sulcus spiralis internus and above the organ of Corti, w ith the hair cells 
of which it remains in close contact (Figs. 31, 33).

2.1.5. Limbus spiralis. In embryos 32 mm long a concentration  
of connective tissue cells form s on the pericentral m argin of the 
cochlear duct, the cells extending concavely into the interior of the wall 
of this duct. In this w ay  part of the duct epithelium  becomes the ep ithel
ium  covering lim bus spiralis as it forms. In tim e the sim ple columnar 
cells covering the lim bus become closely  connected w ith  the stratum  
and the boundaries of the base of these ce lls become invisible. Limbus 
spiralis forms tw o lips — vestibuli et tym p a n i  (Figs. 12, 15, 21, 31).

2.1.6. B a s i l a r  m e m b r a n e .  In em bryos 14 mm long, thin retic
ular fibres appear between the base of pseudostratified columnar 
epithelium  cells of the cochlear duct and the stratum  of m esenchym al 
cells (Fig. 5). A s differentiation of the inner ear proceedes these fibres 
can also be observed w ith in  ligamentum  spirale and lim bus spiralis. The 
m esenchym al cells form  a stratum lining the basilar m em brane from  
the side of scala vestibuli.  Blood vessels are located am ong these cells. 
W ithin zona externa pectinata  of the basilar membrane in embryos 
35 mm long two further strata of fibres are fa in tly  marked. Single,



E m b ry o g en esis  o f th e  in n e r e a r  in  th e  G u inea  pig 235

elongated ce lls  w ith  rod-like nuclei can be seen  between these two  
tracts of fibres. In larger em bryos the space separating the fibres is 
more distinct, and the ce lls  located there are slightly  larger and more 
numerous. In em bryos 90 mm long the fibres can be seen in zona  
pectinata  of the basal membrane in the form of two distinct strata, and 
in the pericentral part of the basal membrane, in zona arcuata  —■ in 
the form  of one stratum  (Figs. 5, 23).

2.1.7. E x t e r n a l  w a l l .  From the tim e the em bryos attain the  
length of 30 mm  an external w all in itia lly  formed of pseudostratified co
lum nar ep ithelium  is d istinctly  v isib le in the area of turn I. In em bryos 35 
mm long this epithelium  can be seen w ithin the external w all in the form  
of sim ple colum nar cells, to which connective tissue cells and blood  
vessels adhere on the exterior. Connective tissue cells and fibres on 
the exterior of this epithelium  form l igamentum spirale, assum ing  
a fan-shaped arrangem ent at the level of crista m embranae basilaris. 
W ithin the epithelium , as in the connective tissue, there are cells w ith  
processes, the cytoplasm  of which contains grains of brown pigm ent. 
The pigm ent ce lls are at first v isib le only outside the ectoderm al 
epithelium . In em bryos 55 m m  long the follow ing can be distinguished  
in the external wall: stria vascularis, prominentia spiralis et sulcus  
spiralis externus. Stria vascularis is formed of sim ple columnar or 
cuboidal cells, w ith  dark cytoplasm  and an invisible boundary in the 
basal part, betw een which there are ce lls  w ith grains of brown p ig
ment. There is one stratum  of sim ple squam ous m esothelial cells of 
connective tissue under the above-m entioned cell layer (Figs. 15, 17, 
18, 22, 25— 28, 32). Blood vesse ls occurring at fairly regular intervals 
adjoin the cells situated near the lum en of the duct. Prom inentia  
spiralis is form ed of narrow columnar cells, the base of which extends  
into the interior of ligam entum  spirale. The cells of sulcus spiralis ex 
ternus  ly ing  below  com m unicate w ith the space of ligam entum  spirale 
through a d istinct system  of canals and concavities.

2.1.8. V e s t i b u l a r  w a l l .  In em bryos 32 mm  long the epithelium  
on the site of the forming R eissner’s membrane is pseudostratified  
colum nar epithelium . The ectoderm al cells of the cochlear duct gra
dually becom e flat, and one stratum  of m esenchym al cells remains on 
the side of scala vestibuli,  w h ile  the remainder undergo cytolysis. Thus 
in em bryos 35 mm long w e observe Reissner’s membrane of tw o strata 
of cells. A t first the epithelium  cells have oval Golgi apparatus, but 
in larger em bryos it  becomes d istinctly  flattened.

Al, Pase, Ac. Pase, S. D. and L. D. are found in cells of R eissner’s 
membrane (Figs. 15, 18, 23, 25, 26, 27, 31),
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2.2. F i r s t  perio d  of developm ent — h is to ch em is try

2.2.1. RNA. During developm ent of the inner ear the cytoplasm  of 
cochlear duct cells and ganglion cells is distinguished by high ribo
nucleic acid content. During ossification of the cochlear capsule 
a considerable number of RNA grains are observed in connective  
tissue cells: pre- and osteoblasts. In embryos 65 mm long N issl’s bodies 
appear in the cytoplasm  of ganglion cells. A fter the organ of Corti 
is formed high ribonucleic acid content is visible in the hair cells, stria  
vascularis  and ganglion spirale.

2.2.2. G l y c o g e n .  During formation of the cochlear duct grains 
of glycogen appear in the apical parts of epithelium  cells. In addition  
diastase-labile grains are present in the m esenchym al cells and cartil
age cells. Large am ounts of glycogen grains appear transitorily in the 
cells of stria vascularis  (Fig. 17) and in the cells of the epithelium  of 
vestibuli of the cochlear duct (tunnel of Corti, cytoplasm  of cells 
w ithin the area of the future sulcus spiralis in te m u s ). G lycogen grains 
are not visible in the hair cells and cytoplasm of ganglion cells until 
the em bryos attain the length of 65 mm, The number of glycogen  
grains in these cells rapidly increases. At the same time quantitative  
predominance of glycogen is observed in turns III and IV of the 
cochlea (Figs. 7, 13).

2.2.3. L i p i d s .  In the inner ear fats occur as fats connected with  
the cytoplasm, cell membranes and m yelin sheath of nerve fibres. 
Neutral fats (glycerides) occur in cytoplasm of cells of Hensen in the 
form of m inute globules, which appear in the area of turn III and IV 
in em bryos 65 mm long (Fig. 36). As the embryos grow the num ber and 
size of the globular lipid elem ents increase in the cells of Hensen. 
Lipids are transitorily visible on the pericentral side of the organ of 
Corti in the cytoplasm  of cells of pseudostratified columnar epithelium . 
The m yelin  sheaths of nerve fibres blacken distinctly with osmic acid 
(Fig. 36) and stain w ith scarlet R.

2.2.4. A c . P a s e. During differentiation of the cochlear duct the 
enzym e exh ibits considerable activ ity  in the region of the apical parts 
of the epithelium  cells and in the ganglion cells, the m axim um  activ ity  
of the enzym e corresponding topographically to the area of the Golgi 
apparatus. Increased activ ity  of the enzyme is also observed in the 
area where sulcus spiralis internus and the tunnel of Corti form (Figs. 
9, 10).

2.2.5. A 1. P a s e. During the early period of differentiation of the 
cochlear duct the activ ity  of the enzyme in the epithelium  is slight, but 
increases as the organ of Corti and stria vascularis  form. Al, P ase ex
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hibits great activ ity  in the cochlear capsule and the areas of ossification  
(Figs. 24, 25).

2.2.6. S. D. Succinate dehydrogenase exh ibits little  activ ity  in the early  
period of d ifferentiation  of the cochlear duct. During the period of 
greatly advanced differentiation of the morphological structures of the 
cochlear duct the activ ity  of S.D. increases in the hair cells, the cells 
of s tria  vascularis and ganglion spirale cells.

2.2.7. L. D. Lactic dehydrogenase at first exhibits slight activ ity  in 
the region of the epithelium  of the otic vesicle. The activity of the 
enzym e m arkedly increases as differentiation of the cochlear duct

Fig. 49. A c tiv ity  of enzym es a n d  g lycogen  co n ten ts  in  h a ir  cells and  cells of stria
vascu lar is  d u rin g  em bryogenesis.

proceeds. The enzym e also occurs in large amounts in the spiral 
ganglion cells, and far sm aller amounts in the m esenchym al cells. In 
the differentiated cochlear duct considerable activ ity  of L. D, is ob
served in the hair cells, the cells of stria vescularis  and the spiral 
ganglion cells (Figs. 8, 26, 28).

2.3. Second  perio d  of deve lo p m en t — m orphogenesis  and  h is to ch em is try

The period is characterised in the morphological picture by complete 
form ation of the spaces of scala vestibuli,  scala tym p a n i  and com plete 
differentiation of the organ of Corti. The formed tunnel of Corti 
includes a ll four turns. This period begins in embryos 80 mm long 
(Figs. 37, 42, 45, 46, 48).



238 S. C hodynicki

The activ ity  of enzym es in hair cells, cells of stria vascularis  and 
ganglion cells continues to increase (Fig. 41, 43— 45, 47, 49). In ganglion  
cells N issl’s bodies become more numerous (Fig. 38). G lycogen content 
continues to increase in hair cells and ganglion cells (Figs. 39, 49). The 
amount of globular lipid elem ents continues to increase in ce lls  of 
Hensen (Fig. 40).

The picture described above of the morphological and histochem ical 
differentiation of the inner ear is closely connected with the appearance 
of the microphonie potential and conditions continued increase in the 
value of this potential.

In the material elaborated the youngest em bryos in which a response 
was obtained to sounds transm itted by bone conduction w ere those 
80 mm  long (Fig. 50). W hen sounds are transmitted by air conduction.

F ig . 50. C och lear m icrophon ie  p o te n tia l a t  tones of 1000, 2000, 4000 c.p.s. a n d  75 db 
in  a gu inea  p ig  foetus 30 m m  long  (upper trac ing). E K G  in  foetus (low er trac ing ).

V. M IC R O PH O N IC  PO TE N TIA L  (CM)
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F ig . 51. C och lear m icrophon ie  p o te n tia l a t  tones of 1000, 2000, 4000 c.p.s. an d  75 db 
in  th e  gu inea  p ig  fo e tu s 110 m m  long  (u pper trac ing). EKG  in  foe tu s  (low er trac in g ).
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after the method given  by B r o h m  (1962; 1963), no electric response 
w as obtained from the em bryos exam ined to tones of 1000, 2000 and 
4000 c.p.s. at 75—80 db.

Length of embryo, mm

F ig . 52. V alues o f CM  dep en d in g  on th e  le n g th  of fo e tu ses . A  — 1000 c.p.s. 75 db, 
B — 2000 c.p.s. 75 db, C — 4000 c.p.s. 75 db.

O pen  c irc le s  — one in d iv id u a l, h a tc h e d  c irc les — tw o  in d iv id u a ls , p o in ts  — th re e
in d iv id u a ls .
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As the em bryos grow the CM value increases (Table 1, Figs. 51, 52). 
This increase is particularly distinct w ith the use of the 1000 c.p.s. 
tone; when 2000 c.p.s. and 4000 c.p.s. are used the CM values in some 
groups of em bryos undergo transitory reduction. When 1000 c.p.s. tone 
is used the m axim um  CM  values are obtained in the m ajority of 
embryos; it is only in the group of embryos 80 mm long that the 
maximum CM  values are not d istinctly  characteristic of the 1000 c.p.s.

T ab le  1.
T h e  v a lu e s  o f C M  in gu in ea  p igs foe tu s in  ,«V, 

O bserved  ran g es , av e rag es  and s tan d a rd  e rro rs  are  g iven.

F oetus len g th  
in  m m .

N u m b e r of 
ex p e rim e n ts 1000 c.p.s. 2000 C.p.s. 4000 c.p.s.

80 9 33 — 140 
70 ±  13.8

21 — 130 
58.1 ±  10.5

9—140 
56,1 ±  14.6

85 14 75 — 650 
221.7 +  43.5

39 — 600 
157.2 ±  37.0

12 — 330 
93.3 ±  23.0

90 13 35 — 600 
248 +  51.4

42 — 500 
1B0.6 ± 4 1 .5

12 — 390 
139.3 ±  33.2

95 11 97.5 — 450 
243 ±  34.1

30 — 850 
181.7 ±  68.5

18 — 510 
118 ±  40.1

100 11 5 0 — 1000 
277 +  76.0

18 — 400 
159 ±  42.1

9 — 400 
93.3 ±  32.4

110 14 24 — 1000 
307.3 +  72.9

15 — 390 
156.2 ±  25.8

9 — 360 
153.3 ±  34.0

120 5 350 — 900 
636 +  98.6

flOO — 820 
496 ±  94.2

250 — 500 
364 ±  34.0

tone (Fig. 53). In the groups of oldest embryos (110— 120 mm long) CM 
values are high —  th ey  attain several hundred f<V and are remarkably 
close to the values recorded for adult animals.

V I. G EN E R A L  D ISCU SSIO N

The formation of the auditory part of the inner ear (cochlea) m ay 
be regarded as a process about which we possess a good deal of infor
mation owing to the histological methods now in use. These methods, 
however, do not provide a unequivocal explanation of the complicated  
processes taking place in the ce lls  and tissues during the formation of 
the inner ear, and on this account histochemical methods and the 
electrophysiological method are used in addition to histological methods.
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The results obtained w ill be compared w ith the observations of other 
authors in studies on the em bryogenesis of the organ of hearing in 
different anim als, in the follow ing order: (1) m orphogenesis of the 
inner ear in the guinea pig, (2) histochem istry of the developm ent of 
the inner ear in the guinea pig, (3) electrophysiology.

1, M orphogenesis

During the formation of the cochlea in the guinea pig the cochlear 
duct increases in length and at the same time assum es a spiral arran
gem ent. This increase is accompanied by differentiation of the duct,

F ig , 53. C u rves show ing  th e  m e a n  v a lu e s  of CM dep en d in g  on fre q u e n c y  of tones 
(1000, 2000, 4000 c.p.s.) in  fo e tu ses of d if fe re n t leng th s.

proceeding from the basal turn upwards. Developm ent of this kind  
w as defined by K o l m e r  (1927) as particularly characteristic of the 
developm ent of the cochlear duct in general, and by W e i b e l  (1957) 
in relation to developm ent of the cochlear duct in w hite mice.

B e l a n g e r  (1956), how ever, during his studies on the developm ent 
of the inner ear in mice, observed earlier differentiation of the apical 
turn in comparison w ith the low er-ly ing turns of the cochlea. Sim ilarly
16 — A c ta  th e r io l.
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R u b e n  (1967), on the basis of the tim e of occurrence of m itoses in i 1 
cells of the developing inner ear in the mouse, describes the earlier" r 
differentiation of the organ of Corti in the apical turn, and the la te r 1 c 
differentiation in the basal turn.

Formation of connective tissue structures: the spiral ligament, basilar: r 
membrane and limbus spiralis takes place at the same time as the.' i 
differentiation of the duct. These structures, according to the studiess i 
made by M a n g a b e i r a  - A l b e r n a z  (1961), p lay an active partt t 
in the biochemical transformations of the inner ear and undergo change; 
as the result of the action of intensive sounds. The osseous labyrinthi > 
forms on the outside of the membranous labyrinth ( B a s t ,  1944; C a— - 
b r i n i ,  1961; C o s t a  & C o v e l l ,  1967), Of the w alls of the cochleair " 
duct morphological differentiation is v isib le earliest in the lower w all.. . 
In guinea pig em bryos as sm all as 32 mm long two ridges can be: 
discerned in this w all (Figs. 12, 15): in the lateral ridge (the smaller)) ) 
the hair cells form later on, w hile the ce lls  of sulcus spiralis in tem us;  
are located in the larger (pericentral). A thin membrane appears om 
the surface of the cells of the two ridges, which later becom es the; 
tectorial membrane (Figs. 15, 17, 33). H a r d e s t y  (1915) considers thatt 
the tectorial membrane of pig em bryos is formed only on the su rface  
of the cells of the large pericentral ridge. Sim ilarly W e i b e l  (1957')' 
considers that the fibres of the tectorial membrane in mice are formedl 
ch iefly  by cells of the internal spiral sulcus, N a f t a l i n  et al. (1964') 
demonstrated by m eans of chem ical m ethods the sim ilarity of th e  
proteins from which the fibres of the tectorial membrane in cats are  
built to the epithelial proteins. P o l i c a r d  & B a u d  (1958), like I u~ 
r a t o  (1960; 1962), consider the fibres of the tectorial mem brane a s  
keratinom yosynofibrins. B o r g h e s a n  (1959), who exam ined th e  
tectorial membrane in guinea pigs, rabbits and human embryos., 
em phasises the close morphological connection betw een this mem
brane and the organ of Corti, which was also observed in prepar
ations of guinea pig em bryos (Fig. 33). De V r i e s  (1949) also refers 
to the connection between the tectorial mem brane and the hair cells;.

The differentiation of the cells of the organ of Corti has formed the  
subject of m any studies. As has been shown, the differentiation process 
in the lower w all in the guinea pig begins w ith the separation of the  
hair cells, which differ from the other cells of the cochlear duct as to  
shape, capacity for staining and location. In V i n n i k o  v ’s opinion  
(1959) the receptor cells of the inner ear in vertebrates appear during 
phylogenetic and ontogenetic developm ent when anaerobic glycolysis 
and oxygen respiration are sufficiently  developed. W e i b e l  (1957), 
on the other hand, considers that the supporting system  is form ed from
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the beginning together w ith  differentiation of the hair cells. In T i t o- 
v a’s opinion (1965) there are two stages in the developm ent of the 
organ of Corti: (a) m orphological and biochemical differentiation of the 
neurons of the spiral ganglion and receptor cells (b) differentiation of 
the supporting cells.

In the guinea pig, as in m any other anim als, formation of the 
supporting cells takes place below  the hair cells (Figs. 12, 15, 31). The 
fo llow ing are formed: tunnel of Corti and space of Nuel. The question  
of the formation of these tunnels remains open to discussion. Van der 
S t r i c h t  (1920) connected the form ation of these spaces w ith the 
process of cytolysis in the supporting cells. W e i b e l  (1957) considers 
that these spaces are formed as the result of secretion of vacuoles by 
the cells. These spaces n ext widen as the result of the separation of 
the low er parts of the supporting cells together with increase in the 
dim ensions of the basilar membrane.

The internal spiral sulcus forms on the pericentral side of the organ 
of Corti. The cells of the pseudostratified columnar epithelium  lose 
contact w ith  the tectorial membrane, undergo cytolysis and only the 
cuboidal cells remain (Fig, 29). There are grains of glycogen in the 
cells of this epithelium  (Fig, 30). W e i b e l  (1957) and T i t o v a  (1965) 
both refer to the vacuolisation of this epithelium , W e i b e l  (1957) 
finding granulation in the ce lls  —  which m ight also have been grains 
of glycogen. On the strength of histological investigations and m easu
rem ent of CM it m ay be assum ed that form ation of the internal spiral 
sulcus on all the turns w ould appear to be an essential condition for 
the bioelectric functioning of the organ of Corti.

The spiral prominence form ing the external w all of the duct and 
stria vascularis are, in the opinion of V o s t e e n  (1960) and C h o u  
(1961) the site of active biochem ical m etabolism  connected w ith pro
cesses of oxygenisation and secretion. The cells of stria vascularis are 
also, in the opinion of D a v i s  (1957; 1962) and T a s a k i  (1959) the 
source of the endocochlear potential. The ectoderm epithelium  and the 
m esenchym al cells participate in the formation of the external w all 
( K o l m e r ,  1927; W e i b e l ,  1957; G r i s a n t i ,  1957; K i k u c h i  & 
H i 1 d i n g, 1965). In guinea pig em bryos 35 mm long cells w ith  
processes appear, the cytoplasm  of which contains grains of brown  
pigm ent. A t first these cells are visible outside the layer of ectoderm  
epithelium , but as the em bryos grow the grains of pigm ent are also 
encountered in the cells w ithin  stria vascularis  (Figs. 15, 32). According 
to the studies made by E n g s t r o m  et al. (1955) tw o types of cells  
can be distinguished in stria vascularis  of the guinea pig: chromophobe
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and chromophil, the chromophobe cells being considered to be of m eso
dermal origin and contain grains of pigment. B e c k  (1961) hold that 
the pigm ent grains take part in metabolism  of the cochlear duct. K i- 
k u c h i  & H i l d i n g  (1966) consider that the structure of the cells  
of stria vascularis  in the mouse during developm ent of the ear points 
to the capacity of these cells to secrete fluid. In his studies of the 
developm ent of the ear in the guinea pig the author observed great 
enzym e activ ity  in the cells of stria and the presence of PAS -I- grains, 
which points to the activ ity  of this structure in the process of secretion  
as early as the period of em bryonic life, since secretion in the cells of 
stria vascularis  is connected w ith  intensive m etabolism (V o s t e e n, 
1956). G r i s a n t i  (1957) on the other hand, who exam ined rabbit 
embryos, denies this possibility, since he found the blood vessels in 
stria  vascularis to appear fairly late and an absence of close contact 
between these vessels and the cells. B o r g h e s a n  (1965) describes the 
system  of canals situated below prominentia spiralis, which system , in 
the author’s opinion, is intended to exercise a secreting function before 
the final formation of stria vascularis. These spaces are also active in 
adult anim als (V o s t e e n, 1957; H i l d i n g ,  1965; C h o d y n i c k i ,  
1965).

The vestibular w all —  R eissner’s membrane develops from the cells of 
the roof of the cochlear duct and from the m esenchym al cells situated  
on the side of scala vestibuli.  According to the description given by 
K o l m e r  (1927) the bistrate epithelium  of the pericentral side 
becomes first of all double-rowed, then single-rowed and finally-flat. 
Reissner’s membrane is finally  formed of two layers of flat cells in 
close contact, but which can be distinguished under a microscope. In 
preparations of guinea pig embryos, according to this author both the 
layers have Golgi apparatus, and ash pictures contain numerous m inute  
mineral particles in Reissner’s membrane (Figs. 15. 18, 25— 27). Lactic 
dehydrogenase (L.D.) and alkaline phosphatase (Al. Pase) are also present 
in the cells of Reissner’s membrane, which in R a u c h ’s opinion (1966) 
points to the activ ity  of the membrane w hile m aintaining balance in 
the composition of fluids present between the space of scala vestibu
laris and the space of the cochlear duct.

2. H istochem istry

In the m aterial elaborated the histochem ical picture of the inner ear 
underwent change during the course of its developm ent. During the 
initial period of developm ent it is connected w ith the process of 
formation and differentiation of the structures of the inner ear, and



E m b ry o g en esis  of th e  in n e r  e a r  in  th e  G u in ea  p ig 245

the intensive histochem ical transform ations in turn precede the bio
electric function of the organ of Corti.

According to B r a c h e t  (1964) RNA plays an im portant part in the 
differentiation process, it participates in protein synthesis and also 
induces the developm ent of morphological structures. Great increase 
in RNA content is observed prim arily in the areas of intensive produc
tion of proteins, and thus in the em bryonic tissues (R o d- 
k i e w i c z  e t  al. 1956). As differentiation of the organs proceeds, 
however, RNA content tends to decrease ( O s h i r o  & P e r l m a n ,  
1965). The role of DNA and RNA in the differentiation process is  also 
emphasised by T i t o v a  (1965) in her histochem ical studies on the 
developm ent of the organ of Corti. During his investigations of the 
developm ent of the inner ear in the guinea pig during the first period  
of differentiation the author observed high RNA content in the 
cytoplasm  of the cochlear duct cells; during the period im m ediately  
preceding function of the organ of Corti the number of RNA grains in 
the cytoplasm  of ganglion cells increases. The marked basophil char
acter of the ganglion cells is also emphasised by B e l a n g e r  (1956). 
Nucleic acid content in the hair and ganglion cells alters under the 
influence of sounds ( V i n n i k o v  & T i t o v a ,  1961; 1963; C h o d y -  
n i c k i, 1962).

G lycogen occurs in the cochlear duct cells of the guinea pig as early  
as the initial period of differentiation, and later can be seen in the cells 
of stria vascularis  and the supporting cells (Figs. 7, 13, 17). During form 
ation of the tunnel of Corti and spaces of N uel in guinea pigs numerous 
glycogen grains can be seen, sim ilar to the grains encountered during 
formation of sulcus spiralis internus  (Fig. 30). According to F a l b e n -  
- H  a n  s e n  (1967) glycogen in the developing inner ear is synthetised  
from proteins, its content in the ear structures being subject to change. 
In the hair and ganglion cells glycogen appears during the period  
preceding function of the organ of Corti and the glycogen content in 
these elem ents rapidly increases (Fig. 39). According to V i n n i k o v  
(1957) glycogen in hair cells plays an important part in anaerobic 
metabolism. T i t o v a  (1965) observed coincidence between the appear
ance of glycogen in hair cells and the developm ent of dark, rod-like 
mitochondria connected w ith anaerobic metabolism. V o s  t e e n  (1964) 
describes the close connection of glycogen grains w ith the membranes 
of mitochondria in cells of stria  vascularis and nerve endings. The cells 
of the labyrinth in lower vertebrates contain a large amount of glycogen  
( V i n n i k o v ,  1959), but PAS -t- grains are not encountered in the 
external hair cells of bats ( P l o t z  & P e r l m a n ,  1965). G lycogen  
content in hair cells decreases under the influence of sounds (Z o r z o 1 i
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& B o r i a n i ,  1958; V i n n i k o v  & T i t o v a ,  1961; C h o d y n i c k i ,  
1962; 1965). The author considers that the distribution of glycogen in 
the cells of the inner ear during em bryogenesis would seem to point 
to its trophic significance during differentiation of the cochlear duct, 
and that it next participates in the energy m etabolism s when function  
of the organ of Corti begins.

During em bryogenesis of the inner ear in the guinea pig (Ch o d y- 
n i c k i ,  1966), in addition to lipids connected w ith cytoplasm s, cell 
mem branes and the m yelin  sheath of fibres, neutral fats appear in 
H ensen’s cells in the area of turns III and IV (Fig. 36). These fats in 
H ensen’s cells at first accum ulate in the form of small globular 
elem ents increasing in volum e as the embryos grow. Lipids are 
transitorily observed on the inner side of the organ of Corti; they m ay 
constitute trophic m aterial for the organ of Corti (Fig. 40). This v iew  
coincides w ith B o r g h e s a  n ’s assumption (1965) that the organ of Corti 
is nourished by the cells of the large ridge during its development. 
R a u c h  (1964) attributes the role of store substance to lipids. The 
globular lipid elem ents, in addition to the role of store substances, 
may also  play the part of shock absorbers on account of both their 
localisation and properties ( C h o d y n i c k i ,  1966).

In addition to nucleic acids, enzym e processes would appear to play  
an im portant part in differentiation of the inner ear. Among the 
enzym es exam ined it is acid phosphatase (which as is known, partici
pates in the processes of lysis and pinocytosis and occurs in lysosomes), 
which exhibits great activ ity  during the first period of em bryogenesis.

The participation of acid phosphatase in cytolytic processes can be 
clearly seen, particularly during formation of sulcus spiralis in tem us.

I s h i i  & B a l o g h  (1966) defined the activ ity  of Ac. Pase in the 
ear of guinea pig em bryos and in an adult guinea pig, but did not 
observe any great differences in the behaviour of the activ ity  of this 
enzym e. In the study m ade by these authors Ac. P ase occurred in the 
cells of stria  vascularis, in the cells of sulcus spiralis, Deiters' cells and 
in the supranuclear space of internal hair cells and the subcuticular 
space of external hair cells. The authors em phasise a certain relation  
between the activ ity  of Ac. Pase and accum ulation of indissoluble 
products of cell m etabolism . The enzym e activ ity  in the hair cells is 
held to  decrease under the influence of sounds ( V i n n i k o v  & T i t o 
va ,  1963). The author’s own observations show that the localisation of 
Ac. P ase in the cells of the inner ear corresponds to the area of the 
Golgi apparatus (Figs. 9, 10, 45). During developm ent of the inner ear 
this apparatus is large and characteristic of the various cells. V o r- 
b r o d t  (1967) considers that the large Golgi apparatus encountered
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in em bryonic cells m ay participate in the formation of lysosom es. 
Towards , the end of em bryonic life the Golgl apparatus is s ligh tly  
sm aller (with the exception of the ganglion cells) and difficu lt to 
discover by cytological methods. I u r a t o  (1962) recorded the presence  
in cells of the inner ear in young rats of numerous mitochondria, 
ribosomes and a w ell-developed  Golgi apparatus. He connects 
these particularly w ell developed cytoplasm  structures w ith  protein  
synthesis. S im ilarly K i k u c h i  & H i l d i n g  (1965) observed in cells 
of the inner ear in newborn w hite mice num erical predom inance of 
mitochondria, the G olgi apparatus, ribosomes and endoplasm ic reticulum  
in comparison w ith  adult anim als ( S p o e n d l i n ,  1957; 1959; C h e- 
v a n c e  & M a d u r o, 1961).

As shown by the m aterial elaborated, the activ ity  of Al. Pase is at 
first connected w ith the cochlear capsule — the enzym e occurs in the 
perichondrium, and later in the centres of ossification (Figs. 24, 25, 41). 
The activ ity  of the enzym e n ext increases in the cytoplasm  of the hair 
cells, ganglion cells and cells of stria vascularis, which is connected with  
active cell transport. D o r f m a n  & E p s z t e j n  (1950) observed in 
creased activ ity  of Al. Pase during the process of differentiation of the  
neural tube, and connect this increase w ith protein synthesis. V i n n i 
k o v  (1958) who exam ined the enzym e in the inner ear of adult anim als, 
assumes that Al. Pase participates in synthesis and decom position of 
glycogen.

In hair cells and cells of stria  vascularis  during em bryogenesis the 
author found constant increase in the activ ity  of succinate dehydrogen
ase and lactic dehydrogenase connected w ith mitochrondrial fraction of 
cells (Figs. 26, 28, 43, 44). According to M i c j t k i e w s k i  & L u k a -  
s z y k  (1967) activ ity  of dehydrogenase increases as differentiation of 
the nephrons of chicken kidneys proceeds. This phenomenon is ac
com panied by the formation of new  mitochondria. L. D. also occurs in 
the nerve fibres in the v icin ity  of the hair cells (Figs. 43, 44). T i t o v a  
(1965) connects the appearance of oxydising enzym es and mitochondria 
in the nerve endings w ith  the start of functioning of the hair cells. 
Increased activ ity  of L. D. and S. D, is particularly distinct during the 
period preceding bioelectric functioning of the organ of Corti connected  
w ith transform ation of acoustic energy into nerve impulses. According 
to V o s t e e n  (1956) the source of the energy for these processes is 
oxygen  m etabolism , in which cytochrom eoxidase and succinodehydro- 
genase participate. The activ ity  of the enzym e processes decreases after  
the longer action of sounds ( V o s t e e n ,  1960, 1961; V i n n i k o v  & T i 
t o v a ,  1961, 1963; C h o d y n i c k i ,  1962). W hen the energy sources of 
oxygen m etabolism decrease this deficit m ay be supplem ented by
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anaerobic metabolism with the participation of L. D, ( R a u c h ,  1964). 
Increased enzym e activ ity  (succinate dehydrogenase and cytochrom eo- 
xidase) occuring at the moment when the cells assume the characters 
of adult cells, was observed in the cerebral cortex of pigs by L. and J. 
F l e x n e r  (1946). Sim ilar observations in relation to different enzym es 
w ere made by W a w r z y n i a k  (1966) in his studies on the develop
m ent of the m esencephalon in guinea pigs.

On the strength of the author’s own investigations and the observa
tions of other authors it may be assumed that the activ ity  and localis
ation of enzym e processes are characteristic in different periods of 
embryogenesis. During the first period they are connected w ith d if
ferentiation of the organ of hearing. The activity of enzym e and 
energy processes w ithin  the newly-form ed structures gradually in 
creases w ith the growth of the embryos and precedes the receptor 
function of the inner ear. The second period —  the period of function  
of the organ of Corti —  is characterised by a histochem ical picture 
similar to the picture of the inner ear in adult animals. These facts 
make better understanding of the significance of the developm ent of the 
inner ear possible.

3, E lectrophysiftlogy

An interesting problem is that of the capacity of the organ of hear
ing to receive sounds during the period of embryonic life ( D ę b o  w-  
s k i ,  1950; C a r m i c h a e l ,  1957). The morphological and physiological 
studies made so far are concerned with the developm ent of the organ 
of hearing in anim als during the first days post partum.

For instance M c C r a d y ,  W e v e r  & B r a y  (1940) and L a r s e 11, 
M c C r a d y  & L a r s e l l  (1944) on the basis of a number of studies 
made on the opossum (Didelphis virginiana) which lives in the m other’s 
pouch after birth, did not find reaction of the organ of hearing to 
sounds until the 48th day after birth. At first the inner ear of opossum  
reacts only to a certain range of frequency, which w idens as the animal 
matures. The excitability  threshold, which during the first few  days 
after birth is high and is not lowered until later, is also subject to 
change. Sim ilar observations were made on opossums by S c h m i d t  
& F e r n a n d e z  (1963) in defining the endocochlear potential: this 
potential appeared in animals on the 25th— 30th days after birth, and 
values characteristic of adult animals were attained on the 78th day. 
In w hite mice and rats, however, the potential appeared shortly before 
birth and attained m aturity on the 14th day. A l f o r d  & R u b e n  
(1963) found that in w hite mice the cochlear microphonic potential 
appeared earliest 11.6 days after birth, and the potential of auditory
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nerve VIII {12.5 days) and P reyer’s reflex {most often on the 12th day) 
slightly later. The organ of Corti in histological preparations of the 
anim als exam ined w as com pletely  formed. M i k a e l i a n  & R u b e n  
(1965) also found P reyer’s re flex  to depend on the functional m aturity  
of nerve VIII and that there is an interdependence between anatomical 
developm ent of the organ of hearing and the physical reaction and 
behaviour of the anim als. The authors in addition express the view  
that histological m ethods are insufficient to explain  the causes of the 
absence of physiological reactions in a certain num ber of the animals.

K l j a v i n a  & M a r u s e v a  (1963) recorded nerve potentials in 
eats at the age of 2— 30 days. They registered distinct response in 
anim als on the 9th day after birth and that only when considerable 
intensivity of the excitations w as applied. M a z o  (1955) defined the 
electrical response of the organ of hearing in bird nestlings and n ew 
born rabbits to tones of d ifferent frequency. This author considers that 
function of the organ of hearing develops parallel to developm ent of 
the w hole organism, but at a d ifferent time in d ifferent species of 
animals.

A n g g a r d  (1965) in his studies on the developm ent of cochlear 
function in the rabbit also found increase in CM value w ith age and 
widening of the range of frequencies, both in the direction of low  and 
high tones, received by the m aturing organ of hearing. An increase in 
the value of the endocochlear and sum m ating potential w as also ob
served. The above studies refer to anim als outside the m other’s 
organism, but w e know less about the function of the organ of hear
ing during its embryonic developm ent.

According to D t j b o w s k i  (1950) all parts of the guinea pig em bryo 
function as from the very  early stages of developm ent. The anim al 
possesses fu ll capacity for exercising its organs, and early function of 
parts of the embryo is an im portant factor in developm ent. A d ifferent 
opinion in relation to the organ of hearing in man w as presented in 
G o d l e w s k i ’s  Em bryology (1948): neither the em bryo nor the new 
born child are considered to be able to receive sound impressions. In 
guinea pig embryos 80 mm long, in which the organ of Corti is com
p letely  formed, the author obtained a response to sound in the form  
of microphonic potential (Fig. 50). B o r n s c h e i n  & K r e j c i  (1953) 
consider this potential as the m ost objective criterion of function of 
the inner ear in animals. According to D a v i s  (1954; 1957; 1959; 1961; 
1962) the microphonic potential is supposed to form  in the external 
hair cells and in addition to the sum m ating potential serves as a m ed
iator betw een mechanical bending of the hairs and initiation of the 
nerve im pulse on the second pole of the hair cells. This is closely
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connected w ith  nervation of the hair cells ( E n g s t r ö m ,  1958; W e r 
s ä 11, H i l d i n g  & L u n d q u i s t ,  1961). In the opinion of several 
authors: S p o e n d l i n  (1957; 1959), R y  d b e r g (1960), I u r a t o (1961), 
E n g  s t r ö m  et ai. (1962), F l o c k  et al. (1962) the process of form at
ion of electrical im pulses is closely connected w ith the function of 
organellae and cell metabolism . The value of the microphonie function  
in the guinea pig em bryos exam ined increases alm ost even ly  with the  
age of the em bryo and before birth attains several hundred /¿V (Table 
1, Figs. 51— 53). These results agree with the observations of other 
authors w ho exam ined anim als during the first few  days after birth  
( M a z o ,  1955; S c h m i d t  & F e r n a n d e z ,  1963; Ä n g g ä r d ,  1965; 
K l j a v i n a  & M a r u s e v a ,  1965). There is thus a certain analogy  
in the developm ent of the organ of hearing in the guinea pig during 
em bryonic life in comparison with the developm ent of this organ in 
other anim als during the first days post partum  (opossum, mouse, 
rabbit).

In the guinea pig em bryos exam ined the highest microphonie response 
w as m ain ly  obtained w ith a tone of 1000 c.p.s. (Fig. 53), w ith  the e x 
ception of em bryos 80 mm long, in which the predominance of the 
values noted at 1000 c.p.s. is less marked. To a certain extent the d if
ferences in microphonie response m ay be connected w ith the case of 
change in the shape of the skull and shift of the vibration system  
w ith in  the skull of the embryos, and m ay also be due to the im m aturity  
of the organ of hearing (Table 1). R esults of m easurem ent of m icro- 
phonic potentials in em bryos also depend to a great degree on the state  
of placental circulation: w e observed this relation in our previous in
vestigations made on guinea pig embryos ( C h o d y n i c k i  & M a t- 
w i j e w i c z ,  1966, 1967, 1968). Bone conduction is also connected w ith  
the physical properties of the vibrating system s, frequency of vibrations 
and place on which the strength acts ( F o u r n i e r ,  1953; R a n k e ,  
1953; B é k é s y, 1963; B y s t r z a n o w s k a ,  1963).

To recapitulate it m ay be assumed that the factor integrally  connect
ed w ith  form ation of the organ of hearing and form ing the basis of the 
receptor function of this organ consists of histochem ical processes, in
crease in activ ity  of biochemical processes corresponding to increase in 
the value of microphonie potential. The CM m easurem ents made point 
to the possib ility of the organ of hearing in guinea pig em bryos receiv
ing sounds. These studies agree w ith the clinical observations on the 
reaction of human em bryos to sounds, expressed by acceleration of 
heart function or encéphalographie recording ( B r o w n ,  1964; D w o r -  
n i c k a ,  1963; E l l i o t ,  1964; J o h a n s s o n ,  1964).
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D e p a rtm e n t of H isto logy  a n d  E m brio logy ,
M edical A cadem y,
B ia ły stok , K iliń sk iego  1.

E X P L A N A T IO N  O F P L A T E S

PL A T E  IV.

Fig. 1, A x ia l section  of em b ry o  12 m m  long, show ing  th e  o tic  vesic le  and  endo 
ly m p h a tic  duc t. HE. M agn. 7.5 X.

F ig. 2. C ro ss-sec tio n  of otic v esic le  and  endo ly m p h a tic  duc t. L en g th  of em bryo
12 m m , H E . M agn. 5 3 X.

Fig, 3. G olgi a p p a ra tu s  in  cells o f otic vesic le  an d  endo ly m p h a tic  duc t. L eng th  of 
em bryo  12 m m . A o y am a’s m e th o d . M agn. 53X .

Fig. 4. A x ia l section  th ro u g h  in n e r ea r o f em bryo. R ead ing  fro m  r ig h t th e  fo llow ing  
can be seen : th e  space of th e  fo rm in g  bu lla  t ym p an ica ,  th e n  sec tion  of cochlear 
duct, p a r t  of th e  saccu le  an d  u tr ic le , en d o ly m p h a tic  d u c t an d  th e  vesic le  of th e  

se m ic ircu la r cana l ly ing  above it. L en g th  of em b ry o  14 m m . HE. M agn. 23X.

Fig. 5, C ross-sec tion  of coch lear duc t. R e ticu la r fib res  can be seen  in  th e  v ic in ity  
of th e  duc t. L en g th  of em b ry o  14 m m . L ag u ess’s m ethod . M agn. 90X.

F ig . 6. C ochlea in  a x ia l sec tion , L en g th  of em bryo  17 m m . HE. M agn. 53X .

Fig, 7. PA S -I- g ran u le s  in  cells o f co ch le a r duc t. T u rn  II. L en g th  of em bryo  17 m m .
PA S. M agn. 184X .

Fig. 8. L ac tic  d eh y d ro g en ase  in cells of co ch lear d u c t and  gang lion  cells. L en g th  of 
em bryo  20 m m , H ess’s m ethod . M agn. 64X .

P L A T E  V.

Fig, 9. A cid p h o sp h a ta se  in  ce lls  o f co ch lear d u c t and  gang lion  cells. L en g th  of 
em bryo  20 m m , G om ori’s m ethod . M agn. 113X.

F ig , 10. A cid p h o sp h a ta se  in  co ch le a r gang lion  cells. L en g th  of em b ry o  20 m m . 
G o m o ri’s m ethod . M agn, 113X.

F ig . 11, A sh p ic tu re . C o ch lear d u c t a t  lev e l o f tu rn  II. L en g th  of em b ry o  20 m m .
M agn. 64X,

F ig . 12. H a ir  cells, can  b e  seen  in  c e n tra l p a r t  of lo w er w a ll of co ch lear duct, 
tu rn  I . L en g th  of em b ry o  32 m m . G a llocyan in . M agn. 225 X.

F ig . 13. A x ia l section  of cochlea. P A S +  g ran u le s  in cells o f c a rtila g e , connective 
tis su e  and  co ch lear d uc t in a re a  o f tu rn  IV. L en g th  of em bryo  32 m m . M agn. 22X .

17 — Acta theriol.

Fig . 14. G olgi a p p a ra tu s  in n e rv e  cells o f gang lion  sp ira le . L en g th  of em bryo  32 m m .
A o y am a’s m e th o d . M agn. 825 X.
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Fig. 15. C ro ss-sec tio n  of co ch lear d u c t w ith  d is tin c t d iffe ren tia tio n  of the v a rio u s  
w a lls . H a ir  cells, can  be  seen  in  c e n tra l p a r t  of lo w er w all, tu rn  II. L e ig th  o f

em bryo  35 m m . H E. M agn. 94 X .

F ig . 16. E x te rn a l h a ir  cells, e x te rn a l tu n n e l, H en sen ’s cells, tu rn  II . Length of 
em bryo  35 m m . A zan. MaEn. 1800X.

PL A T E  VI.

Fig. 17. P A S  +  g ra n u le s  in  cells of e x te rn a l w a ll of coch lear duct, tu rn  I. L en g th  
of em bryo  35 m m . PA S . M agn. 94X.

Fig. 18, G olgi a p p a ra tu s  in  cells of coch lear duc t, tu rn  II . L ength  of em bryo 35 m m .
A oyam a’s m ethod . M agn. 94X .

Fig, 19. T h e  sam e p rep a ra tio n . G olgi a p p a ra tu s  in  h a ir  cells. M agn. 1801X.

Fig. 20. T he  sam e  p re p a ra tio n . G olgi a p p a ra tu s  in cells o f p seu d o stra tified  co lum nar 
e p ith e liu m  of low er w all of coch lear duct. M agn. 1800X.

Fig . 21. T h e  sam e p re p a ra tio n . G olgi a p p a ra tu s  in cells of l im bus spiralis  M agn .
1800X.

Fig. 22. A x ia l sec tio n  of cochlea. L en g th  of em bryo  38 m m . A zan. M agn. 22X .

Fig. 23. R e ticu la r f ib re s  in  b a s ila r  m em brane , tu rn  II. L eng th  of em bryo 18 m m .
G om ori’s m ethod . M agn. 225X.

Fig. 24. A lk a lin e  p h o sp h a ta se  in  ganglion cells. L eng th  of em bryo 40 m m . C om ori’s
m ethod . M agn. 450 X.

PL A T E  V II.

Fig, 25, A lk a lin e  p h o sp h a ta se  w ith in  tu rn  II o f cochlea. L ength  of em bryo 50 m m .
G om ori’s m ethod . M agn. 64 X.

Fig. 26. L ac tic  d eh y d ro g en ase  in  cells of coch lear duc t, tu rn  II. L eng th  of em bryo  
50 m m . H ess’s m ethod , M agn. 64 X.

Fig. 27. A sh p ic tu re  of coch lear duct, tu rn  II. L eng th  of em bryo 50 irm .
M agn. 113X.

Fig. 28. L ac tic  d eh y d ro g en ase  in  cells o f stria  v ascu la ris  an d  h a ir  cells, tu rn  II. 
L e n g th  of em bryo  55 m m . N ach las’s m ethod . M agn. 1 5 0X.

Fig. 29. L o w er w a ll of coch lear duct. C yto lysis is v is ib le  in cells o f p seudosT atified  
c o lu m n a r ep th e liu m , tu rn  III. L eng th  of em bryo  55 m m . HE. M agn. 315X,

Fig, 30. P A S 4- g ran u le s  in  cells u ndergo ing  cyto lysis, tu rn  II. L eng th  of em bryo
55 m m . PA S. M agn. 225X.

Fig. 31. L o w er w all o f coch lear d u c t w ith  o rgan  of C orti d iffe ren tia tin g : h iir  cells 
and  p il la rs  can  be seen : tu rn  I. L ength  of em bryo  65 m m . A zan. M agn. 188X .

Fig. 32. E x te rn a l w a ll of coch lear duct. S tr ia  vascu lar is , prom inentia  sp irais ,  w ith  
l i g a m e n tu m  sp ira ls  a n d  th e  coch lear cap su le  w ith  a rea s  of o ss ifica tion  below , 

can  be  seen. L eng th  of em bryo  65 mm . A zan. M agn. 2G3X,

PL A T E  V III.

Fig. 33. M em b ra n a  tec tor ia . H a irs  can  b e  seen  on th e  su rface  of th e  h a ir  cells, 
tu rn  II. L e n g th  of em bryo  65 m m . A zan. M agn. 450 X,
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Fig, 34.. Golgi a p p a ra tu s  in  cells of sulcus sp iralis  in tc rnu s ,  tu rn  II I . L en g th  of 
em bryo  65 m m . A oyam a’s m ethod . M agn. 450X.

Fig. 35'. Golgi a p p a ra tu s  in  cells of ganglion  sp ira le . L en g th  of em b ry o  65 mm .
A oyam a’s m ethod , M agn. 825 X.

Fig . 36'. L ip ids in  H ensen 's  cells and  in  sh ea th s  of f ib re s  o f n e rv e  V III . Iso la ted  
tu rn  III. L en g th  of em bryo  65 m m . O sm ic ac id . M agn. 1 0 0 X .

Fig. 37. C ross-sec tion  th ro u g h  cochlea. L en g th  of em bryo  85 m m . H E, M agn. 12 X.

Fig. 38. Cells of ganglion  sp ira le  a t level of tu rn  IV. L en g th  of em b ry o  85 mm .
Brachet’s method. Magn. 825X.

Fig, 39. PA S +  su b s tan ce  in  e x te rn a l an d  in te rn a l h a ir  cells. Iso la ted  tu rn  IV, 
L en g th  of em bryo  85 m m . PA S . M agn. 2 1 8 X,

Fig. 40. L ip id s in  H e n se n ’s cells an d  su lcus spiralis  in te rn u s .  Iso la ted  tu rn  IV . 
L en g h t of em bryo  85 m m . O il re d  O, M agn. 94 X.

PL A T E  IX .

Fig, 41. A lk a lin e  p h o sp a ta se  in  e x te rn a l h a ir  cells. Iso la te d  tu r n  II . L en g th  of 
em b ry o  85 m m . G om ori’s m ethod . M agn. 225X.

F ig . 42. Tw o s t r a ta  of f ib re s  w ith in  e x te rn a l p a r t  of b a s i la r  m em b ran e . 
L en g th  of em bryo  90 m m . G om ori’s m ethod . M agn. 450 X.

Fig. 43 . L actic  d eh y d ro g en ase  in  h a ir  cells. Iso la ted  tu rn  IV . L en g th  of em bryo  
100 m m . H ess’s m ethod . M agn. 24X .

Fig, 44. T he sam e p re p a ra tio n . E nzym e can  be seen  in in te rn a l h a ir  cells and  nerv e
endings. M agn. 218X.

Fig. 45, A cid  p h o sp h a ta se  in  h a ir  cells, cells of C lau d iu s, ce lls  o f s t r ia  u a s c u ia m ; 
tu rn  II I . L en g th  of em bryo  100 m m . B u rs to n e 's  m e th o d . M agn. 90 X.

Fig. 46. C ross-sec tion  of o rg an  of C o rti, tu rn  II I . L en g th  of em b ry o  120 m m . O sm ic
a c id .  M agn. 1 8 8 X .

Fig. 47, S u cc in a te  d eh y d ro g en ase  in  h a ir  cells. Iso la ted  tu r n  IV . L en g th  of em bryo  
120 m m . N ach las 's  m ethod . M agn. 24 X.

Fig. 48. G olgi a p p a ra tu s  in ganglion  cells. L eng th  of em b ry o  120 m m . A oyam a’s
method. Magn. 825X.

S tan is ław  C H O D Y N IC K I

E M B R IO G E N E Z A  C ZĘ ŚC I SŁU C H O W EJ U CH A  W EW N ĘTR ZN EG O  
ŚW IN K I M O R SK IE J

S treszczen ie

P ra c a  o b e jm u je  b ad a n ia  h isto log iczne, h is tochem iczne  oraz  p o m ia ry  p o ten c ja łu  
m ikrofonicznego  w y konane  w czasie rozw o ju  ucha w ew nętrznego  u p łodów  św ink i 
m orsk ie j. B adano  p łody w  różnym  w ieku , a  ich d ługość o k reś lan o  w w y m ia rze  cie- 
m ien iow o-ogonow ym . P re p a ra ty  ucha  w ew n ę trzn eg o  sp o rząd zan o  te c h n ik ą  m ro żę-
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n iow ą, p a ra f in o w ą  o raz  m e to d ą  p re p a ro w a n ia  pow ierzchniow ego. M ateria ł b a rw io o -  
no HE, m e t. A zan, w y k ry w a n o  a p a ra t  G olgiego, k w asy  nukleinow e, p o lisach a ry d jiy , 
lip idy  o raz  enzym y: d eh yd rogenazę  k w asu  b u rsz tynow ego  i kw asu m lekow egdo , 
fo s fa tazy : k w aśn ą  i zasadow ą. Począw szy  od p łodów  d ługości 80 mm d o k onyw anno  
p o m ia ru  p o ten c ja łu  m ik ro fonicznego  z zasto sow an iem  przew odnic tw a kostnego  p rz z y  
to n ach  1000, 2000, 4000 H z i 75 db. R e jes tro w an o  ró w n ież  czynność se rca . P o m iar.ry  
te  w y konyw ano  w  w a ru n k a c h  zachow anego  k rą ż e n ia  łożyskow ego.

S tw ierdzono , źe podczas m orfo log icznego  k sz ta łto w an ia  ucha  w ew nętrznego  vw  
kom órkach  i tk a n k a c h  zachodzą c h a ra k te ry s ty c z n e  p rzem ian y  h istochem iczne. T a a k  
np. n a jw ięk szą  zaw arto ść  kw asów  ry b o n u k le in o w y ch  w  kom órkach  p rzew o d u  ślili- 
m ak a  obserw ow ano  w  p ie rw szy m  o k res ie  em briogenezy . W dalszym rozw o ju  cy too- 
p lazm a kom órek  b y ła  znaczn ie  uboższa w  RNA. W m ia rę  różnicow ania się p rzee - 
w odu  ś lim ak a  i zw oju  sp ira ln eg o  zw iększa  się ak ty w n o ść  enzym ów w  k o m ó rk a c th  
w łoskow ych , k o m ó rk ach  p rą ż k a  naczyn iow ego  i k o m ó rk ach  zw ojow ych o raz  p o jaa - 
w ia ją  się  w  ty ch  k o m ó rk ach  p o lisach a ry d y .

Z auw ażono , że w  różnych  o k resach  em briogenezy  poszczególne kom ó rk i p rzee - 
w odu ś lim ak a  p o siad a ją  c h a ra k te ry s ty c z n y  a p a ra t  G olgiego. Njj. w  k o m ó rk a c th  
zw ojow ych a p a ra t  G olgiego położony je s t początkow o b iegunow o, a począw szy ood 
p łodów  d ługości 65 m m  p rz y jm u je  po łożen ie  ap o la rn e .

Ju ż  u p łodów  80 m m  długości, u k tó ry c h  n a rz ą d  C ortiego  je s t ;uż w y k s z ta łc o n y  
n a  p rz e s trz e n i całego p rzew odu  ś lim ak a , s tw ierdzono  odpow iedź u cha  w ew nętrzz- 
nego n a  dźw ięk i w  po stac i p o te n c ja łu  m ik ro fon icznego . W artość  p o tenc ja łu  m ik roo - 
fonicznego, o k re ś lan a  w  ,«V, w z ra s ta  w  m ia rę  w zro stu  p łodów  i taż p rzed  urodzee- 
niem  osiąga w arto ść  k ilk u se t ,«V. C zynność b io e lek try czn a  narządu  C ortiego  jc ss t 
poprzedzona w zrostem  in tensyw nośc i p rzem ian  b iochem icznych w  kom órkacrh  
zm ysłow ych ucha w ew nętrznego .
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