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W i t h regard t o t h e d e v e l o p m e n t a l c o r r e l a t i o n b e t w e e n t h e t a s t e bud a n d t h e r e l a t e d 
n e r v e f i b e r s , there h a v e b e e n a r t i c l e s r e p o r t e d b y H E R M A N N ( 1 8 8 4 ) , T U C K E R M A N ( 1 8 8 9 , 1 8 9 0 ) 
a n d G F A B E R G ( 1 8 9 8 ) . T h e y a l l h a v e s ta ted t h a t t h e t a s t e bud arises f r o m basa l ce l l s o f t h e 
epithelium c o v e r i n g t h e papilla in c lose r e l a t i o n to the n e r v e f ibers t h a t c o m e near t h e 
epithelium. C L A R A ( ' 4 0 ) i l lu s t ra ted h i s t ex t b o o k o f h u m a n e m b r y o l o g y w i t h G R A B E R G ' S 

s c h e m a t i c d r a w i n g s a n d g a v e e n t i r e l y the s a m e o p i n i o n ( f i g . 1) . T h e s e a u t h o r s , h o w e v e r , d i d 
n o t s t u d y t h e m o r p h o l o g i c a l r e l a t i o n s h i p b e t w e e n the tas te bud a n d t h e n e r v e f ibers b y t h e 
s i lver i m p r e g n a t i o n m e t n o d . N A K A Y A M A ( ' 4 3 a , b a n d ' 4 4 ) s t u d i e s t h e d e v e l o p m e n t o f t h e 
t o n g u e i n n e r v a t i o n , but d id n o t m e n t i o n th i s r e l a t i o n s h i p . R e c e n t l y , this subjec t has b e e n 
s t u d i e d b y K . K I T A M U R A et a l . ( '58 ) , K U B O T A e t a l . ( ' 56b , ' 5 7 , ' 6 0 ) a n d H . K I T A M U R A 

( '61 ) . K . K I T A M U R A e t a l , h a v e c o n f i r m e d in the ir s t u d y o n the rat's t o n g u e t h a t t h e d e v e l -
o p m e n t o f the tas te bud i s a t t a i n e d o n l y b y m e a n s o f c o n t a c t o f t h e tas te n e r v e w i t h t h e 
basal l a y e r o f epithelium. T h e s t u d y o n m i c e b y H . K I T A M U R A has r e v e a l e d t h a t t h e a n l a g c 
o f t h e tas te b u d is o b s e r v e d o n t h e f irst d a y a f t e r birth . In past i n v e s t i g a t i o n s c o n c e r n e d 
w i t h t h e h u m a n t o n g u e , w e ( '56b , '57 , ' 6 0 ) h a v e c o n f i r m e d t h a t t h e d i f f e r e n t i a t i o n o f t h e 
taste bud takes p l a c e in c lose a s s o c i a t i o n w i t h t h e p l e x i f o r m i n t r a e p i t h e l i a l p e n e t r a t i o n o i 
n e r v e f ibers . A t t h a t t ime , v e r y s p e c i f i c t y p e s o f tas te bud f o r m a t i o n h a v e b e e n f o u n d in the 
circumvallate papillae o f the t o n g u e o f 6 - m o n t h - o l d f e t u s e s as descr ibed b e l o w . S i n c e t h a t w a s 
a q u i t e r e v e l a t i o n t o this subject , s o m e c o n t r i b u t o r y d e s c r i p t i o n s a n d d i s c u s s i o n o t it s h o u l d b e 
g i v e n in th i s p a p e r . 

Fig . 1. S c h e m a t i c i l l u s t r a t i o n s b y GRABERG, s h o w i n g the d e v e l o p m e n t a l process o f the cir-
c u m v a l l a t e papilla a n d tas te b u d . ( C i t e d f r o m C L A R A ) . 

1 T o P r o f e s s o r D r . A M B R U S A B R A H A M f o r his s e v e n t i e t h b i r t h d a y . 
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Materials and Method 

The microscopic p repara t ions examined in this s tudy are f ron t a l and 
sagittal f rozen sections ( 3 0 ^ 1 0 microns) of the tongues of human fetuses in 
various stages: 3 -month-o ld (three), 4 -month -o ld ( four) , 5 -mon th -o ld ( two) , 
6 -mon th -o ld (five), 7- inonth-old (three), 8 -month -o ld ( two) and fu l l - t e rm 
( two) fetuses. They are stained by the silver impregnat ion method ( K U B O T A 
et al., '56a). 

Observat ions and Discuss ion 

In the course of the neurohistological s tudy on the deve lopment of the 
lingual papillae, we ( '57) happened to discover the specific type of tas te bud 
fo rmat ion in the c i rcumval la te papillae of 6 -month-o ld fetuses. In these cases, 
t rench fo rma t ion in the val la te papillae is left unfinished as shown in f igures 
7, 8 and 9, while it has been a l ready completed in most of the papillae in this 
stage of fe ta l life. In o the r words , the indesmolyt ic port ion of epithelium 
par t ly bars the trench which develops wi th in the common lateral epithelial 
thickening of the papilla. Ca re fu l examinat ion of this por t ion, as shown in 
figures 10, 11 and 12, reveals tha t it is composed of cells wi th large round or 
ovoidal nuclei and is supplied with a great m a n y intraepithelial nerve fibri ls 
which penetra te in to it th rough both basal layers of the common epithelium. 
The detailed drawings of these structures are shown in f igures 2, 3 and 4. T h e 
nerve fibers are thin, non-myel ina ted and interlace one ano ther to f o r m a 
complicated intraepithelial ne twork in which a large characterist ic embryon ic 
taste bud is developed. In f igures 2 and 3, we can depict o ther evidences of 
early development of the taste bud near the large specific anlage, which are 
character ized by cells wi th large nuclei and the p lex i form intraepi thel ia l pe-
netra t ion of the nerve fibri ls which have arisen f r o m the wel l - formed sub-
gem ma 1 plexus. These general histological and neurohistological characteris t ics 
are quite similar to those of the other embryon ic taste buds appear ing in the 
upper epithelium of the same papilla. From these aspects, it is cer ta in t ha t 
these indesmolytic por t ions are a kind of large anlage of the taste bud . 

W h y does this taste bud development occur? With regard to the mor -
phological relation of taste nerves to taste bud fo rmat ion , many invest igators 
have stated the fo l lowing: The taste bud and its nerve fibers deve lop in a 
close anatomical relation t o each other . T h e taste bud d i f ferent ia tes f r o m basal 
layer cells of the epithelium, since remarkable s t rands of nerve f ibers are 
usually seen beneath the embryon ic taste bud in the o rd ina ry (not impregna ted) 
p repara t ions ( H E R M A N N , 1884; T U C K E R M A N , 1889, 1890; G R A B E R G , 1898; 
C L A R A , '40). L A T E L Y , K . K I T A M U R A et al. ( '58) studied the deve lopment of the 
taste bud in the rat tongue. According to them, in 17-day-old embryos there 
was neither intraepithelial nerve f iber nor taste bud anlage, while there were 
rich nervous elements in the val la te papilla. In 21-day-old embryos, however , 
there was the anlage of the taste bud with intraepi thel ial penet ra t ion of nerve 
fibers. C o n t r a r y to this, H . K I T A M U R A ( '61) has noted tha t the anlage of the 
taste bud appears first in the 18-day-old mouse embryos, but it is not in direct 
connection with nerve fibers. Howeve r , the def in i te association of the nerve 
fibers wi th the taste bud is present in 1 -day-o ld mice. In this regard, K U B O T A 
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and K U B O T A ( '56b, '57 and ' 6 0 ) h a v e shown evidence tha t the d i f f e r en t i a t i on 
of the taste bud is closely related to the p l e x i f o r m in t raepi thel ia l pene t ra t ion 
of nerve fibers, i. e., the tas te bud d i f f e r en t i a t e s in the epithelium a f t e r it has 
been pene t ra ted by the n e t w o r k of the n e r v e fibri ls . G R A B E R G ' S d r awings 
in t roduced as fig. 1 show the corre la t ion of t h e n e r v e f iber and the tas te bud 
in the g rowing c i r cumva l l a t e papilla. They suggest t ha t the d e v e l o p m e n t of 
the taste bud in the t rench walls occurs a f t e r the comple t ion of the t rench 

Fig. 2. D e t a i l e d d r a w i n g o f f i g . 10, s h o w i n g a large s p e c i f i c f o r m o f tas te bud a n l a g e , w h i c h 
is i n n e r v a t e d w i t h p l e x i f o r m i n t r a e p i t h e l i a l n e r v e f ibr i l s e x t e n d i n g f r o m b o t h s ides 
o f the epithelium. T h e r e is e v i d e n c e o f e a r l y d e v e l o p m e n t o f a n o t h e r t a s t e b u d , in 
c lose a s s o c i a t i o n w i t h a p l e x i f o r m i n t r a e p i t h e l i a l p e n e t r a t i o n o f n e r v e f ibr i l s , in the 
u p p e r l e f t q u a n d r a n t o f t h e p i c ture . X 1 0 0 0 . 



1 9 8 K . K U B O T A A N D J . K U B O T A 

Accord ing to o u r microscopic observat ion , however , most of the tas te buds in 
the f u t u r e t rench walls deve lop in the c o m m o n la tera l epi thel ial th icken ing 
be fo re the beginning of the trench f o r m a t i o n , s t and ing in close associat ion 
with rich p l ex i fo rm in t raepi thel ia l pene t ra t ion of nerve fibri ls . 

Fig. 3. D e t a i l e d d r a w i n g of f ig . 11, s h o w i n g a large spec i f i c f o r m o f taste bud an lage , w h i c h 
is innerva ted with p l e x i f o r m intraepithel ial nerve f ibri ls e x t e n d i n g f r o m both sides 
of the epithelium. T h e r e is e v i d e n c e of ear ly d e v e l o p m e n t o f another taste bud, in 
c lose assoc iat ion w i t h a p l e x i f o r m intraepi thel ia l penetrat ion of nerve f ibrils , in the 
l o w e r right quandrant o f the picture. X 1000. 

Figure 15 shows a g rowing val la te papilla in the tongue of a 5 - m o n t h - o l d 
fetus. In the common la tera l epithelial th ickening of the papilla there is no 
signs of t rench fo rma t ion and there is an a d v a n c e d deve lopmenta l stage of 
m a n y tas te bud anlages, which have var ious shapes and sizes. Especial ly , on 
the lef t of this f igure the re are seen t w o anlages in contac t wi th each o the r 
(a t a r rows) . Figures 13 and 14 show the common lateral epi thel ial th ickening 
of the fo l ia te papillae in t h e tongue of 5 - m o n t h - o l d fetuses. These th ickenings 
a re supplied wi th a b u n d a n t ne rve f ibri ls which pene t ra te in to them f r o m each 
side of the epithelium. These nerve f ibri ls f o r m a compl ica ted in t raep i the l ia l 
n e t w o r k . In this n e t w o r k there are many signs of ear ly deve lopmen t of the 
taste bud . Also in f igure 13 a few nerve f ibers a re seen runn ing th rough the 
embryon ic taste bud , which develops th rough the en t i re thickness of the 
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epithelium (at a r rows) . These above m e n t i o n e d f indings are usual ly observed 
in the tongue of the 5 -mon th -o ld fetus when the ad jo in ing t w o papillae deve lop 
wi th a rich ne rve supply . A t this po in t , it m a y be concluded that this pecul iar 
deve lopmen t of the tas te bud occurs only in s i tuat ions as ment ioned above. 

W h a t changes will these pecul iar taste bud anlages undergo the rea f t e r ? 
They were never found in specimens of 7 - m o n t h or o lder fetuses. T h e s t ructure 
in f igure 11 seems to indica te division at t h e midd le p lane . Tak ing these f ac t s 
into cons idera t ion , as i l lustrated wi th schemat ic d r awings in f igures 5 and 6, 
it is h ighly conceivable tha t they will become separa ted f r o m each o ther be fo re 
the 7th m o n t h at the midd le p lane (on the d o t t e d line in fig. 6e) of the taste 
bud an lage (whi te square) ; one half going t o the lateral wall of the papilla 
and the o the r to the outer wall of the t rench (f ig. 6 f ) . I n this w a y , which may 
be called „transverse division" of the tas te bud anlage, t w o embryon ic taste 
buds a re f o r m e d s imultaneously f r o m one large pecul iar anlage in the common 
epithelial th ickening of the g rowing va l l a te and fo l ia te (f ig. 6f ) . Th i s may 
be unders tood bet ter f rom the schematic d r a w i n g s in f igures 5 and 6, in which 
normal and specific deve lopmenta l processes of the taste buds in the common 
epithelial th ickening of both va l la te and fo l ia te papillae are shown. H E I D E N -

l i g . 4. D e t a i l e d d r a w i n g o f f ig . 12 , s h o w i n g a l a r g e s p e c i f i c f o r m o f taste bud a n l a g e w h i c h 
is i n n e r v a t e d w i t h p l e x i f o r m i n t r a e p i t h e l i a l n e r v e f ibr i l s e x t e n d i n g f r o m both s ides 
o f t h e epithelium. X 1000 . 
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5. D i a g r a m m a t i c representa t ion s h o w i n g normal d e v e l o p m e n t and re lat ionship o f taste 
bud and nerve f ibers in the lateral epi thel ia l t h i c k e n i n g o f the v a l l a t e papilla a-
s h o w s the p l c x i f o r m in traep i the l ia l penetrat ion of nerve f ibri ls f rom the p a p i l l a s ide, 
b; s h o w s an ear ly stage o f taste bud format ion in the innervated port ion o f the ep.t-
helium, c; s h o w s a more a d v a n c e d stage o f taste bud f o r m a t i o n and the beg inn ing o f 
trench format ion in the epithelium, d ; s h o w s a large e m b r y o n i c taste bud w h i t e square-
in the papilla w a l l and t h e o p e n i n g o f the trench, e; s h o w s a lon K i tud ina l d iv i s ion o f 
the e m b r y o n i c taste bud b y an epi thel ia l septum. 

6. D i a g r a m m a t i c representat ion o f peculiar d e v e l o p m e n t a n d re la t ionsh ip o f taste bud 
a n d nerve f ibers in the a tera l epi thel ia l th i cken ing o f the v a l l a t e pap.lla. a: s h o w s the 
p l e x i t o r m intraepithel ia l p e n e t r a t i o n of nerve f ibri ls aris ing from both sides o f the 
epithelium. b\ s h o w s an e a r l y stage of taste bud f o r m a t i o n in the innervated por t ion 
ot the epithelium, c; s h o w s the p l e x i f o r m intraepi the l ia l penetrat ion of n e r v e f ibr i l s 
e x t e n d i n g trom both s ides o f the epithelium a n d a more a d v a n c e d stage o f taste bud 
f o r m a t i o n within , d ; s h o w s a large spec i f ic taste bud an lage w h i t e square e x t e n d i n g 
o v e r the epithelium, p r e v e n t i n g the open ing o f the trench, e; s h o w s that t h e a n l a g e is 
d i v i d e d in the m i d d l e ( d o t t e d l ine) , as the trench grows , f ; s h o w s a t ransverse 
d iv i s ion o f the an lage and t h e o p e n i n g o f the trench. 
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M A I N ( '14) described longi tudinal division of the g rowing taste bud in the 
rabbi t ' s fo l i a t e papillae. Accord ing to h im, the tas te buds increase in number 
by means of this d ivis ion, which is charac ter ized by an epi thel ial septum as 
shown in f igure 5e. Th is has been k n o w n as „ T e i l k o r p e r t h e o n e " since tha t t ime. 
Viewed in this light, in the course of the taste bud f o r m a t i o n there a re t w o 
processes; t ransverse (fig. 6) and longi tudinal (f ig. 5) divisions. In this manne r , 
the tas te buds increase in number and diminish in size. 

S u m m a r y 

In p r e p a r a t i o n s of 6 -mon th -o ld h u m a n fe ta l tongues, s tained by the silver 
impregna t ion me thod , specific types of taste bud fo rma t ion were f o u n d T h e 
taste bud an lage was noted to deve lop in the common lateral epi thel ial 
th ickening ex t end ing over the epithelium. I t was supplied wi th a b u n d a n t 
p lex i fo rm in t raepi the l ia l nerve f ibri ls which arose f r o m the subgemmal ne rve 
plexus on bo th sides of the epithelium th rough its basal layers. I t was noted 
that dur ing the g r o w t h of the papilla, it is t ransverse ly pulled of f into t w o 
embryonic buds in the middle ; one half going to the papilla side, the o ther t o 
the outer wal l of the t rench. Th is was called the t ransverse division of the 
embryonic tas te bud as opposed to the longi tudinal division described by 
H F I D E N H A I N . 
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Plate 1. 
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P l a t e 2. 

2 0 3 
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Plate 3. 
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All p h o t o g r a p h s were taken from the preparat ions stained by the s i lver impregnat ion me-
thod . 

7. P h o t o m i c r o g r a p h o f the c i r c u m v a l l a t e papillae on the t o n g u e of a 6 - m o n t h - o l d fetus, sho-
w i n g the o p e n e d outer m o a t and the unopened inner moat (at a r r o w ) . X 2 0 0 . 

S. P h o t o m i c r o g r a p h o f a c i r c u m v a l l a t e papilla on the tongue of a 6 - m o n t h - o l d fetus, s h o w i n g 
the u n o p e n e d trench (at a r r o w ) . X 2 0 0 . 

9. P h o t o m i c r o g r a p h of a c i r c u m v a l l a t e papilla on the tongue o f a 6 - m o n t h - o l d fetus, s h o w i n g 
t h e u n o p e n e d trench (at a r r o w ) . > ' 2 0 0 . 

All p h o t o g r a p h s w e r e taken from the preparat ions s ta ined by the s i lver impregnat ion 
m e t h o d . 

10. M a g n i f i e d picture of the i n d e s m o l y t i c por t ion o f the epithelium indicated at the a r r o w in 
f ig . 7, s h o w i n g the pecu l iar taste bud an lagc w i t h a rich intraepi the l ia l nerve supp ly , 
w n i c h e x t e n d s f r o m both sides of the epithelium. X 8 5 0 . 

11. M a g n i f i e d picture of the i n d e s m o l y t i c por t ion o f the epithelium indicated at the a r r o w in 
f ig . 8, s h o w i n g that it is a spec i f ic form of the taste bud an lage w i t h rich inraepithel ia l 
nerve s u p p l y w h i c h is aris ing from the subgemmal plexus on e i ther s ide o f the epithelium 
and that it seems to indicate d iv i s ion at the m i d d l e plane. X 8 5 0 . 

12. M a g n i f i e d picture of t h e i n d e s m o l y t i c epi thel ia l port ion ind ica ted at the a r r o w in f ig . 9, 
s h o w i n g that it is a spec i f i c form of taste bud anlagc m a d e u p of cel ls w i t h large round 
or o v o i d a l nuclei. X 8 5 0 . 

All photographs w e r e taken from the preparat ions s ta ined b y the s i lver impregnat ion 

13. P h o t o m i c r o g r a p h o f a part of the c o m m o n epithel ial th i cken ing of the f o l i a t e papillae 
in a 5 - m o n t h - o l d fetus, s h o w i n g the p l e x i f o r m intraepithel ia l penetrat ion of nerve fibrils 
and a pecul iar taste bud f o r m a t i o n within . N o t e the n e r v e f ibers (at a r r o w ) run through 
the epithelium. X 5 0 0 . 

14. P h o t o m i c r o g r a p h of a part of the c o m m o n epi thel ia l th i cken ing o f the fo l ia te papillae in 
a 5 - m o n t h - o l d fetus, s h o w i n g the p l e x i f o r m penetrat ion of n e r v e f ibri ls a n d taste bud 
d e v e l o p m e n t w i t h i n . X 5 0 0 . 

15. P h o t o m i c r o g r a p h o f an e m b r y o n i c c i r c u m v a l l a t e papilla on the tongue o f a 5 - m o n t h - o l d 
fetus, s h o w i n g that the taste bud d e v e l o p s in the lateral epi thel ia l t h i c k e n i n g be fore 
beg inning of trench f o r m a t i o n N o t e that there are t w o anlages o f taste bud c o m i n g i n t o 
c o n t a c t w i t h cach other (at arrow) . 340. 

Plate 2. 

E x p l a n a t i o n of Figures 

Plate 3. 

E x p l a n a t i o n of Figures 

method . 

Abbreviations in Text Figures and Plates 

c, b l o o d capi l lary 
cct , c o m m o n epi thel ia l th i cken ing 

e, basal layer of epithelium 
eb, e m b r y o n i c taste bud 
ed , e m b r y o n i c duct o f 

n, nucleus 
nc, nervous e l e m e n t 
ns, nerve f ibers 
sp, .ubgemma! nerve plexus 

t, trench 
E B N F R ' S g land 
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