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N um erous a u th o rs  h av e  been concerned  w ith  th e  developm ent o f  th e  
oesophagus. T he m ost d e ta iled  s tu d y  has been  p u b lish ed  by  S c h r i d d e  [7],  
w ho exam ined  in  a la rge  h u m an  m a te ria l th e  d ev e lo p m en t of th e  ep ith e lia l 
lay e r b u t pa id  no a tte n tio n  to  th e  o th e r e lem en ts  o f  th e  oesophagus. M en tion  
shou ld  be m ade also  o f th e  papers by  K u l l m a n n  [4 ],  M ö l l e r  [5], S t i e v e  [9],  
I v e y  and  E d g a r  [3],  w ho, a lth o u g h  s tu d y in g  th e  p ro b lem  in deta il, ex am in ed  
one or a n o th e r single lay e r of th e  oesophagus an d  ignored  th e  in te r re la tio n  
be tw een  them , d ev o tin g  no a tte n tio n  to  th e  e ffec t o f  fu n c tio n  on m orpho log ica l 
d ev e lo p m en t.

W e h av e  u n d e r ta k e n  to  s tu d y  th e  d e v e lo p m en t o f all tissue e lem en ts  of 
th e  oesophagus from  th e  earlies t stage , th e  c o rre la tio n s  and  in te rre la tio n s  be
tw een  them , w ith  special reference  to  th e  effects o f th e  env iro n m en t an d  fu n c 
tio n  on th e  fo rm a tio n  o f th e  m orpho log ical p a t te r n  o f th is  organ. W e s tu d ie d  
th e  oesophagus d u rin g  its  em bryon ic  ev o lu tio n  a n d  in  th e  second p a r t  o f  our 
s tu d y , we ex am in ed  th e  effect o f d eg lu titio n  on th e  fu r th e r  course of h is to g e n e 
sis.

Materials and method

First, chick em bryos were studied from 75-hour stage till hatching. Each stage of 
evolu tion  was exam ined daily by serial sections, o f  the results only those for the im portant 
stages will be m entioned concerning the part o f the oesophagus above the crop. T he find ing  
concerning the part below  the crop will not be discussed, because this section could not be 
influenced experim entally after hatching.

In the second series o f  experim ents one-day old chicks were studied in three groups. 
Group one was fed on dry corn m eal, group two on sem isolid  food, while the chicks o f group  
three were operated on prior to feeding. The crop was incised , sutured to the skin and through  
the opening thus created a fine rubber tube was inserted. T hrough th is tube the chicks were fed 
w ith  raw eggs or w ith  a m ixture of raw eggs and powdered m ilk , first at two-hour in tervals, 
then  five tim es daily and later three tim es daily, increasing the dose w ith the advance o f tim e.

The histologic findings o f the oesophagus in the three groups were compared u n til the  
chicks had reached the age o f tw o weeks. Considering th a t the m ost marked differences in 
structure were found betw een the chicks fed on solid food and those fed through the tub e, these  
w ill be discussed in the first place.
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R esults

I n  th e  fou r-day  c h ick  em b ry o  th e  ep ith e liu m  of th e  oesophagus consists  
o f  c y lin d ric a l cells d is t r ib u te d  in  4 to  5 la y e rs . T h e  basa l m e m b ra n e  is c learly  
v is ib le  an d  outside i t  m e sen ch y m a l cells c a n  be  found  in  loose d is tr ib u tio n . 
A t  s ite s , a cu ticu la-like  cell b o u n d a ry  is v is ib le  on th e  lu m in a r su rfa c e  o f th e  
e p ith e lia l  cells. In  th is  s ta g e  w e also f in d  seg m en ts  in  w hich th e  m esen ch y m al 
ce lls  u n d e r  th e  b asa l m e m b ra n e  are  m assed  a t  a  d istance  o f a b o u t 60 to  80 m i
c ro n s  a n d  form  th e  an lag e  o f  th e  tu n ic a  m u scu la ris  (F ig. 1), th a t  d ev e lo p s la te r . 
C ilia te d  ep ithe lium  is fo u n d  m o stly  in  th e  lo w er segm ents.

A t th e  age o f sev en  d a y s  th e  lum en  o f th e  oesophagus is s t i l l  ro u n d  or 
o v a l , lin ed  in  th e  low er p o r tio n s  o f  th e  su p e rio r  segm ent w ith  h ig h  cy lin d rica l 
e p ith e liu m , covered a t  s ite s  b y  isle ts o f c ilia te d  cells. In  th e  u p p e r  seg m en t th e  
e p ith e lia l  cells are cu b o id  in  sh ap e  an d  a t  s ite s  th e y  c rea te  c o m p a rtm e n ts  in 
th e  lu m e n . The su b e p ith e lia l m esen ch y m al cells th a t  form  a n e tw o rk  re p re se n t 
th e  an lag e  of th e  su b m u co sa . P e rip h e ra lly , th e  con tinuous la y e r  o f  th e  m yo
b la s ts  w ith  th e ir  e lo n g a te d  cy to p lasm  c lea rly  signify th e  s ite  o f  th e  c ircu lar 
la y e r  o f  th e  tu n ica  m u scu la ris  (F ig . 2).

I n  th e  ten  days o ld  c h ick  em bryo  a s ig n if ic a n t change is o b se rv ed . T he 
c ir c u la r  m uscle lay e r is m u c h  m ore d if fe re n tia te d  and  th e  m uscle  f ib re s  ap p e a r 
t o  b e  function ing , as sh o w n  b y  th e  s ta r- lik e  sh ap e  of th e  lu m en  a n d  b y  th e  
c h a n g e s  in  th e  ep ith e lia l la y e r . T he la t te r  is n a m e ly  found to  h a v e  m o re  s t r a ta  
a n d  is h ig h er b e tw een  th e  lo n g itu d in a l fo ld s  th a n  on th e  c re s t o f  th e  folds. 
T h is  p a t te rn  becom es in c re a se d ly  conspicuous on th e  12th  d a y  (F ig . 3). I t  is 
a t  th is  tim e  th a t  th e  lo n g itu d in a l m y o b las t la y e r  begins to  develop  in  th e  a rea  
co rre sp o n d in g  to  th e  m u scu la ris  m ucosae, as w ell as ou tside th e  c irc u la r  m uscle 
la y e r .  I n  th e  lum en o f th e  oesophagus an  ac idoph ilic  su b s ta n c e  (suggested  
b y  m a n y  au tho rs to  b e  sw allow ed  yolk) is fo u n d .

B y  the  16th d a y  a ll th e  layers of th e  oesophagus have  d ev e lo p ed  an d  i t  
is  a t  t h a t  tim e th a t  th e  b u d s  o f g lands b e g in  to  ap p ear in  la rg e r  n u m b ers .

I n  th e  19-day e m b ry o  we a lread y  see th e  ty p ica l, m u lti- la y e re d , non- 
c o rn ify in g  squam ous e p ith e liu m  (Fig. 4).

T h e  observations m a d e  th u s  fa r  in d ic a te  th a t  th e  onse t o f  d e g lu titio n  
(w h ic h  is th o u g h t to  b eg in  on th e  10 th  d ay ) h as  a profound  fo rm a tiv e  effect 
o n  th e  fu r th e r  d ev e lo p m en t o f  th e  oesophagus. O nly  m inor changes o ccu r before 
th e  9 th  day . Of all th e  ch an g es  ta k in g  p lace  in  every  lay er o f  th e  oesophageal 
w a ll  i t  is th e  ap p ea ran ce  o f  th e  c ircu la r la y e r  o f th e  tu n ica  m u scu la ris  an d  th e  
r e s u l ta n t  s tar-shape o f  th e  lu m en  th a t  a re  be liev ed  to  be th e  m o st s ig n ifican t. 
T h a t  i t  is an  active m uscle  fu n c tio n  th a t  is responsib le  for th is  p a t te r n  is in d i
c a te d  also  by  the  c irc u m sta n c e  th a t  th e  th ic k n e ss  o f th e  ep ith e lia l la y e r  d iffers 
b e tw e e n  th e  folds on  th e i r  c rest. A t th e  sam e  tim e  th e re  ap p e a rs  sw allow ed 
m u c u s  in  th e  lum en o f th e  oesophagus. A fte r  d eg lu titio n  has b e g u n , th e  differ-
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Fig. 1. Microscopic appearance of the oesophagus from a 4-day old chick em bryo. H aem a-
toxylin -eosin . Medium pow er v iew

Fig. 2. Microscopic appearance of the oesophagus from a 7-day  old chick embryo. H aem a-
toxylin-cosin . M edium power v iew
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Fig. 3 . Low power v iew  o f the lower third of the oesophagus from a 12-day old ch ick  em bryo.
H aem atoxylin -ecsin

Fig. 4.  M edium power v iew  o f the oesophagus from  a 19-day chick em bryo. H aem atoxylin -
eosin
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e n tia tio n  o f  th e  ep ith e liu m  in to  squam ous ep ith e liu m  begins a t  f ir s t  on th e  
c re s t o f  th e  fo lds, th ese  b e in g  m o st exposed to  m ech an ica l effects d u rin g  d eg lu 
ti t io n . I t  is know n from  th e  l i te ra tu re  th a t  an im als  d iffe ren t in  m ode o f life 
d iffe r g re a tly  in  th e  ep ith e lia l s tru c tu re  o f th e  oesophagus, dep en d in g  on th e  
k in d  a n d  p h ysica l p ro p e rtie s  o f  th e ir  food (W . M ö l l e r , 1932; G o e t s c h , 1910). 
T h ese  an d  o th e r d a ta  in  th e  lite ra tu re , show ing  how  g re a t a fo rm a tiv e  ac tio n  
is e x e r te d  by  m echan ica l e ffec ts  an d  fu n c tio n , h a v e  in d u ced  us to  in fluence  
ex p e rim e n ta lly  th e  p o s t-p a r tu m  h istogenesis o f th e  oesophageal w all.

T h e  resu lts  o b ta in e d  fo r th e  o p era ted  an d  tu b e  fed  tw o  weeks old ch icken  
a n d  th o se  fo r th e  ch icks fed  on d ry , solid food  m a y  be o u tlin ed  as follow s.

T h e  oesophageal lu m en  in  th e  tu b e-fed  ch icks is s ta r-sh a p e d , b u t  consid 
e ra b ly  m ore d is ten d ed  th a n  in  th e  chicks fed  on d ry  food. T he ep ith e liu m  
consists  of loosely g ro u p ed  cells, a rran g ed  in  a b o u t 6 to  15 s t r a ta .  T he cells 
a re  sw ollen , sp in d le -sh ap ed , an d  tho se  in  th e  u p p e rm o s t s tra tu m  are  as h igh  
as th o se  in  th e  low erm ost s tra tu m . In  th e  tu n ic a  p ro p ria  sim ple g la n d u la r  cells 
an d  cham bers lined w ith  f la t  cy lind rica l cells a re  v isib le  (F ig . 5 an d  F ig . 7).

T h e  lum en  of th e  o seophagus in  th e  chicks fed  on d ry , solid food for th e  
sam e period  alm ost d isap p ea rs  as a re su lt o f th e  s tro n g  m u sc u la tu re  an d  th e  
m a rk e d  increase in  th e  ce llu la r s t r a ta  of th e  e p ith e lia l tissue . T h e  ep ith e lia l 
cells a re  densely  packed , th e  cells a re  defin ite ly  f la t te n e d  an d  as com pared  w ith  
th e  6 to  15 s tr a ta ,  here  we f in d  as m any  as 25 to  30. T he o th e r  g re a t difference 
is in  th e  g lan d u la r s tru c tu re . T h e  s tru c tu re  o f th e  g lands occupy ing  th e  tu n ic a  
p ro p ria  as a w hole is com plex . T h e  g lan d u la r su rface  is increased  because th e  
ac in i in  th e  process o f fu n c tio n a l en la rg em en t e x te n d  fa r  in to  th e  connective  
tis su e  o f  th e  tu n ic a  p ro p ria , so th a t  a t  sites one has th e  im pression  as i f  th e  
p ap illa e  of connective  tissu e  w ere em bracing  th e  g lan d  as a w hole. T h e  g la n d u 
la r  cells are  h igh , filled  w ith  g ranu les o f secre tion  a n d  th e  s tru c tu re  as a w hole 
is in d ic a tiv e  o f in ten se  a c tiv ity . As opposed to  th e  o th e r g roup , here  th e  su b 
m ucosa is h a rd ly  v isib le , th e  en larged  glands e x te n d  to  th e  c ircu la r la y e r  of 
th e  tu n ic a  m uscu laris  a n d  o ccu p y  a lm o st co m p le te ly  th e  subm ucosa  (F ig . 6 
an d  F ig . 8).

*  *  *

S um m ing  u p , in  th e  tu b e -fe d  chicks, w hen  th e  oesophagus h a d  to  fo r
w a rd  o n ly  th e  ex c re tio n  o f th e  sa liv a ry  g lands, th e  s tru c tu re  of th e  ep ith e liu m  
w as m u ch  looser, th e  e p ith e lia l cells less f la t  an d  th e  n u m b e r o f s t r a ta  
h u t  one th ird  o f  th a t  fo u n d  in  th e  chicken fed  on d ry , solid food. In  th e  la t te r  
th e  s tru c tu re  o f  th e  ep ith e liu m  w as also m ore dense , an d  th e  cells w ere m uch  
f la t te r .  A g rea t d ifference w as found  also in  g la n d u la r  s tru c tu re . In  th e  tu b e -fed  
ch ick en  th e re  w ere m u ch  less g lands and  g la n d u la r  a c tiv ity  w as less in ten se  
th a n  in  th e  ch icken fed  on d ry , so lid  food, in  w h ich  th e  oesophageal g lands w ere 
well developed , occupied  a lm o st th e  en tire  tu n ic a  p ro p ria , h ad  a com plex  
s tru c tu re  an d  ex h ib ited  th e  signs o f increased  a c tiv ity .

3  Acta Morphologica XI/2.
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F ig . 5. Magnifying glass v iew  o f the lower third o f the oesophagus from  a tube-fed , 14-day
old chicken. H aem atoxylin-eosin

F ig .  6. Magnifying glass v iew  o f the oesophagus (lower third) from a 14-day old chicken fed
on solid food. H aem atoxvlin-eosin
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Fig. 7. Same as Fig. 5, high power view

Fig. 8. Same as Fig. 6, high power view

3*
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Summary

The histogenesis o f  th e  oesophagus was exam ined in chicks from  the third day of hatch 
ing  till the onset o f spontan eou s feeding. The effect o f the onset o f  function on the m orphology  
o f th e  developed oesophagus w as also investigated . T he chicken were fed on foods different in  
p h ysica l properties and one group w as fed through a crop tub e. I t  w as found th a t on the ninth  
d a y , w hen the circular m uscu lature has developed and presum ably deglutition has begun, the  
structure of the oesophagus sudden ly  changed, w ith  consp icuous changes in the epithelium .

The second change tak es place when spontaneous feed ing begins. Subsequently the p h y 
sical properties o f the food are influencing the m orphology o f the oesophagus. In the tube-fed  
chicken there are only 6- to  15 strata  of epithelial cells, th e  cells are round, the glands under
developed , the m uscles w eak . A s opposed to th is, ch icken  fed  on grain have 25 to 30 strata of  
ep ithelia l cells, the cells are f la t , the glands are about four tim es as large as in the former case 
and the muscles are strong.
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СТРУКТУРНОЕ РАЗВИТИЕ ПИЩЕВОДА В НОРМАЛЬНЫХ И ЭКСПЕРИМЕН
ТАЛЬНЫХ УСЛОВИЯХ

А. БАРЧА и Л. МОХАЧИ

Авторы исследовали развитие пищевода у цыплят, начиная от трехдневной инку
бации до начала самостоятельного питания, а также то, какое действие оказывает начи
нающаяся функция на уже оформлявшийся пищевод. Исследовались изменения, которые 
вызываются кормлением пищей различных физических свойств, и изменения, происхо
дящие в пищеводе цыплят, кормленных через зобный зонд, не получающих ни пищи ни 
питья через роот. Авторы установили, что структура пищевода на девятый день иссле
дования — когда развивается круговая мускулятура, и, предположительно, наступают 
также глотательные движения, претерпевает внезапное изменение, которое прежде 
всего выявляется на эпителии.

Начало самостоятельного питания вызывает второе большое изменение, которое 
формируем структуру пищевода в соответствии с физическими свойствами корма. Эпи
телий кормленных через зобный зонд цыплят имеет толщину только 6— 15 клеточных 
рядов, эпителиальные клетки более кругловатые, железы недоразвитые, мускулятура 
слабая. В противоположность этому эпителий пищевода цыплят, кормленных зерновым 
кормом, состоит из 25— 30 клеточных рядов, эпителиальные клетки сплющенные, железы 
по сравнению с вышеуказанной группой развивались до 4 кратного размера, а мускуля
тура укрепилась.
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D IE  G E W E B SE N T W IC K L U N G  D E R  SP E ISE R Ö H R E  U N T E R  N O R M A L E N  U N D  
E X P E R IM E N T E L L  B E D IN G U N G E N

A. BARCSA und L. MOHÁCSI

D ie E ntw icklung der Speiseröhre ferner die Frage, w elche W irkung die beginnende Funk  
tion  auf die in  Entw icklung befindliche Speiseröhre ausübt wurde an H ühnerem bryonen, von  
dreitätiger Inkubationen bis zum  B eginn der se lbstständigen Ernährung untersucht. U n ter
sucht wurde gleichfalls, w elche Veränderungen m it Futterarten  von  verschiedenen physischen  
E igenschaften  herforgerufen werden und wie sich die Speiseröhre von  ausschließ lich  durch  
K ropfsonde ernährten H ühner gestaltet.

E s wurde festgeste llt, daß, da in  der Struktur der Speiseröhre am n eun ten  T ag, als 
sich die zirkuläre M uskulatur bereits entw ickelt hat, und auch die Schluckbew egungen aller 
W ahrscheinlichkeit nach begonnen haben, eine p lötzliche Veränderung e in tritt. D iese Ä nde
rung ist vornehm lich am  E p ith el augenfällig.

Der Beginn der selbstständ igen  Ernährung bedingt die zw eite  große V eränderung, die die 
Struktur der Speiseröhre, in  A bhängigkeit von  den physischen E igenschaften  des F u tters, g esta l
te t. D as E pithel der m it Sonden ernährten H ühner besteht aus 0 — 15 Z ellenschichten, die E p i
thelzellen sind eher rundlich, die Drüsen unentw ickelt, die M uskulatur schwach. H ingegen b esteh t  
das E pith el der Speiseröhre von  H ühnern, die m it H artfu tter gefüttert werden, aus 25 — 30 
Zellenschichten, die E pithelzellen  sind abgeflacht, die D rüsen erreichen im  V ergleich zu der 
vorigen Gruppe eine vierfache Größe, und die M uskulatur ist kräftiger.

D r. A n d rás  B a r c sa  
D r. L ászló  M o h á c s i

D ebrecen , 12, A n a tó m ia i I n t .  H u n g a ry
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