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V * A L , J . D . , G A R R I D O , J . Compara t i ve cytology of hydrochlor ic acid secreting cells. (Ci tología 
corrSparada de células secretoras de ácido clorhídr ico) . Arch . Biol. M e d . Exper . 12:, 3 9 - 4 8 , 1 9 7 9 . 
A compara t ive study of the oxyntic cells of t he s tomach of Ver tebra tes is presented. A system 
of m e m b r a n o u s tubules which is apparen t ly inter-convert ible with t he lumina l p lasma m e m 
brane is descr ibed as an impor tan t s t ruc tura l feature in all classes. In all Ver tebra tes with the sole 
exception of M a m m a l s , th is system shares a common cell with the s t ruc tures involved in the 
secretion of zymogen. In M a m m a l s it becomes segregated into a specialized cell type , the par ie ta l 
cell, character ized in addit ion by the presence of a long to r tuous in t racel lu lar cana l icu lus , which 
serves as its secretory pole. 

T h e hypothes i s is presented a n d discussed tha t the par ie ta l cell is capable of achieving a h igher 
efficiency in hydrochlor ic acid secretion by the existence of the in t racel lu lar canal iculus which 
makes the immedia te su r round ings of t he secretory pole independent of the contents of the gastr ic 
lumen . 

In Birds (whose gastric g lands do not possess par ie ta l cells) a cor responding effect can be 
achieved only by complex s t ruc tures such as the c o m p o u n d gastr ic g lands . An exp lana t ion is 
hereby offered for the u n i q u e features of t he Avian s tomach. 

V E R T E B R A T E S O X Y N T I C C E L L S C O M P A R A T I V E C Y T O L O G Y 

T h e s tomach of Ver tebra tes is capable of se
cre t ing a cons iderable volume of hydrochlor ic 
acid at concent ra t ions h ighe r t h a n 1 0 ~ 2 N . 
In F ishes , Rept i les , A m p h i b i a n s and Bi rds 
th i s r e m a r k a b l e p roper ty must be a t t r ibu ted 
to the " p r i n c i p a l g l andu la r ce l l s " which a r e 
the main componen t s of both t he fundic a n d 
the provent r icu lar g lands ( 1 , 2 ) . In M a m m a l s , 
however , the fundic g lands possess two main 
cell var ie t ies : the so-called " p a r i e t a l cel ls ' ' 
a n d the "p r i nc ipa l or chief ce l l s" ( 1 ) . H e i -
denha in ( 1 ) first proposed in 1 8 7 0 tha t 
par ie ta l cells were concerned wi th acid secre

t ion; th is idea had become general ly accepted 
before t he evidence in favor of it was in fact 
conclusive. Before t he advent of the electron 
microscope however , there was n o satisfactory 
explana t ion for the difference in n u m b e r of 
cell categories between M a m m a l s a n d n o n -
M a m m a l s . T h e first compara t ive electron 
microscopic s tudies of gastr ic g lands showed 
tha t the "p r i nc ipa l g landu la r ce l l s " of A m 
ph ib i ans possess in addit ion to t he organel les 
tha t a re commonly associated with protein 
secretion, a pecul iar system of vesicles which 
appa ren t ly become incorpora ted to the apical 
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surface dur ing secretory activity (3) . T h i s 
lat ter s t ruc ture was also present in the par ie ta l 
cell of the M a m m a l i a n s tomach, whi le the 
" p r i n c i p a l " or zymogenic cell appea red 
devoid of it (4). It w a s inferred the par ie ta l cells 
" . . . represent a h igher degree of special izat
ion where in only those functions r equ i r ing the 
presence of the mi tochondr ia a n d vesicles a r e 
re ta ined. . . " ( 3 ) . 

Evidence was later presented which showed 
tha t the Avian oxyntic cell belonged also to the 
mixed variety which might be assimilated to 
the Amphib ian type (5) . 

T h e problem posed to light microscopists 
as to the role of the par ie ta l cells and the dual 
function of the "p r inc ipa l g landula r ce l l s" 
of n o n - M a m m a l s — which appea red respons i 
ble for both acid and zymogen secretion — see
med amenab le to a new explanat ion in view 
of the da ta obta ined by electron microscopy. 
It was possible to propose that a special cyto
plasmic differentiation involved in the secre
tion of acid was present in t he "p r inc ipa l 
g landu la r ce l l s" of n o n - M a m m a l s together 
with the prote in-secret ing a p p a r a t u s . In the 
M a m m a l i a n s tomach the special system h a d 
become exclusively localized in par ie ta l cells 
whi le the zymogen-produc ing s t ruc tures were 
confined to the pr inc ipa l cell. 

T h i s type of explanat ion requi res that o b 
servat ions on gastr ic cell u l t r a s t ruc tu re a n d 
disposi t ion be extended to all Ver t eb ra t e 
classes. In this work we s u m m a r i z e and c o m p a r e 
the resul ts of observat ions carr ied out in th is 
labora tory on more t h a n fifteen species; these 
da ta a re taken together wi th those publ ished in 
the l i te ra ture u p to the present t ime. Evidence 
is presented which suppor t s the content ion tha t 
those cells which a re responsib le for acid p r o 
duction in the Ver tebra te s tomach possess a 
pecul iar in t racytoplasmic m e m b r a n e system 
at their apical poles. Impor t an t changes occur 
both in t he s t ruc ture of this intracel lular system 
a n d in gastr ic g land t opog raphy wi th t he 
a p p e a r a n c e of the rma l homeostas i s . 

A note on terminology 

T h e gastr ic g lands of n o n - M a m m a l i a n Ver te 
brates present a cell type which w a s designated 
by Plenk as principal glandular cells ( 1 ) . In 
th is work , these cells will be referred to as oxyn-

ticopeptic cells. Both oxynt icopept ic cells and 
Mammalian parietal cells belong to the class 
des ignated oxyntic cells. T h i s t e r m refers to the 
stainabi l i ty of these cells by acid dyes. T h e cells 
tha t p roduce pepsinogen in the M a m m a l i a n 
gas t r ic g lands (chief cells o r pr incipal cells in 
P lenk ' s terminology) will be known here as 
zymogenic cells. 

M A T E R I A L S A N D M E T H O D S 

Material 

Preparat ions for electron microscopy were m a d e of the gas 
tric m u c o s a e of the fo l lowing spec ies : Halaelurus chilensis 
(Chondr ichthyes ) ( 6 ) , Onchorhynchus perca ( O s t e i c h -
thyes) ( 7 ) , Bufo spinulosus ( 3 , 8 ) , Caudwerbera caudwer-
bera, Pleurodema thaul ( A m p h i b i a ) , Callopistes macu-
latus (Rept i l ia ) (9 ) , Callus gallus, Columba livia, Sicales 
sp. (10) (Aves ) , Tadarida ( M a m m a l i a , Chiroptera ) ( 11 ) , 
Marmosa elegans, Dromiciops australis ( M a m m a l i a , 
M a r s u p i a l i a ) ( 1 2 ) , Rattus, Mus ( M a m m a l i a , Rodent ia ) , 
Felis catus, Canis jamiliaris (3) ( M a m m a l i a , Carnívora) , 
Homo. 

Experimental procedures 

Induction of the rest ing secretory state: 
In Felis and Canis th is state w a s induced by fasting. 
T h e adminis trat ion of 2 ,4 -d in i trophenol ( 3 0 m g / k g ) 

w a s employed with th is object in Bufo, Columba, Gallus 
and Rattus. 

M e t i a m i d e — a generous gift of Dr . R . W . Br imblecombe 
of Smith , Kl ine and French Laborator ies , W e l w y n Garden 
C i t y , Eng land — at a dose of 5 m g / k g w a s l ikewise used in Felis 
and Columba. 

T h e in vitro incubation of the m u c o s a e in U s s i n g chambers 
w a s employed in the production of anox ia by adminis trat ion 
of O 2 at low partial pressures . 

St imulat ion of secretion: 
H i s t a m i n e w a s used for the s t imulat ion of gastric secre

t ion in Halaelurus, Bufo, Callopistes, Gallus, Felis and 
Cams. 

Electron microscopy: 
Over the period covered by the observat ions reported 

here , several fixatives have been employed . First , the o s m i u m 
tetroxide-veronal acetate fixative of Pa lade w a s used. It 
w a s then modified by the addit ion of 0 .3 M sucrose (11) . 
Later s p e c i m e n s were processed in phosphate or cacodylate-
buffered g lutaraldehyde , p H 7 . 2 - 7 . 4 , addit ioned of 0.1 to 
0 .3 M sucrose. 

All of the material presented w a s embedded in E p o n . 
Scann ing electron microscopy of the lumina l surface w a s 

performed in Rattus under normal feeding condi t ions ; in 
Columba before and after treatment wi th 2 ,4 -d in i trophenol ; 
in Bufo before and after the injection of a m a x i m a l dose of 
h i s tamine . 

Special techniques: 
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Silver m e t h a n a m i n e impregnat ion (13 ) w a s employed 
in Bufo and Columba for the study of the tubular system. A 
colloidal iron-eopper-uranyl t echnique (14 ) w a s s imilarly used 
in Bufo. T r e a t m e n t of gastric cel ls with heavy meromyos in 
for actin filament decoration w a s carried out as described 
previous ly (8) in Bufo, Rattus, Gallus and Columba. 

R E S U L T S 

It would appea r convenient to divide t he des
cription in three pr incipal p a r t s : 
a) T h e oxynt icopept ic cell in Fishes , A m p h i 

bians and Rept i les . 
b) T h e Avian oxynt icopept ic cell, and 
c) T h e M a m m a l i a n par ie ta l cell. 

a) The oxynticopeptic cell in Fishes, 
Amphibians and Reptiles 

In all of these Ver teb ra te classes, the lumina l 
pole of the cell presents a var iable n u m b e r of 
plicae less than 0.1 u m in th ickness and which 
project for 1 u m or more above the apical p l a sma-
lemma. Directly beneath the region of the plicae 
a zone some 0.25 u m wide is found w h e r e fila
mentous s t ruc tures form a dense ne twork . 
Beneath th is layer a system composed of smooth-
walled vesicles and tubules is found. Between 
the m e m b r a n o u s e lements a n d also below them, 
n u m e r o u s mi tochondr ia are presen t . T h e 
development of the m e m b r a n o u s tubu la r a n d 
vesicular system bears an inverse relat ion to t he 
n u m b e r and complicat ion of the apical p r o 
cesses. As it h a s been show in A m p h i b i a n s t he 
integrity of t he m e m b r a n o u s system can be 
easily al tered by improper osmolali ty of the 
fixatives employed. In the mater ia l we con
sider he re , op t imal fixation condi t ions have 
been obta ined for Amph ib i an cells. In cells so 
fixed, the system is seen to be a t ubu la r system 
(Fig. 1); in mater ia l obta ined from o ther Ver 
tebra te classes t he vesicular component is a b u n 
dan t . T h e relat ion tha t exists between the apical 
p l a sma m e m b r a n e and the tubulo-vesicular 
sys tem can be unders tood from the resul ts of ex
pe r imen ta l work carr ied out in Bufo (Amphib ia ) . 

In the Bufo gastr ic mucosa t he admin i s t r a 
tion of h i s t amine in vitro or in vivo resul ts in a 
cell which presents very little or no tubulo-ve
sicular system while the apical p lasma m e m 
brane surface is enormous ly increased by long 
and complicated processes that project t o w a r d 

1 

Fig. I. D iagramat ic representat ion of the evolut ion of the 

gastric g land cel ls . From left to right: 

N o n - M a m m a l i a n gastric g land cell. T h e d r a w i n g depicts 

on the left zymogen ic structures and on the right the tubular 

sys tem. 
M a m m a l i a n zymogen ic cell. T h e structures represented 

on the left hand side of the first drawing have become segre
gated in th is cell variety. 

M a m m a l i a n parietal cell . T h e tubular sys tem and mi
tochondria are the main structures in the cy top lasm, from 
which e l ements involved in z y m o g e n secretion are absent. 
T h e intracel lular canal icu lus appears as a profoundly in- , 
vag inated secretory pole . 

the g landu la r lumen . T h e injection of 2 ,4-dini -
t rophenol in vivo or mucosal anox ia in vitro de
t e rmine t he inverse changes : the t u b u l a r system 
is highly developed a n d t ightly packed whi le only 
a few apical processes a re seen. T h e s e resul ts , 
together with those ob ta ined in o the r l abora to 
r ies ( 1 5 ) confirma t h e idea that " . . . t h e a b u n 
dan t m e m b r a n o u s mater ia l l in ing the vesicles is 
used by t h e ecell to increase its external surface 
du r ing act ivi ty" (3). 

T h e modifications observed in the Callo -
pistes (Rept i l ia ) gastr ic mucosa after h i s ta 
mine injection are esssentially s imilar to the 
ones described above (9). No mater ia l is avail
able of Oste ichthyes t rea ted wi th h i s t amine . 
In Halaelurus (Chondr ich thyes) s imi lar obser
vat ions have been recorded with the exception 
that the apical surface is smoother than what 
would be expected after h i s tamine (6) . T h i s 
observat ion, however , is difficult to eva lua te 
consider ing that no data a r e avai lable on the 
secretory response of these muchosae to h i s ta 
mine . N o da ta are avai lable e i ther on possible 
vascular react ions to h i s t amine , which might 
conceivably modify secretion. 

It would t h u s a p p e a r that the oxynt icopept ic 
cell of these Ver tebra tes possesses a un ique 
s u b p l a s m a l e m m a l m e m b r a n o u s system which 
can interconvert reversibly with the apical p las -
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m a m e m b r a n e . In view of t he impor tance of th is 
system in the subsequent discussion it seems 
a p p r o p r i a t e to describe it carefully, as it is seen 
in Bufo, o u r best s tudied species (F igs . 4-8) . 

In the res t ing s ta te (Fig . 2 A) the tubu la r 
system is composed of bundles of 10 to 50 tightly 
packed smooth-wal led tubules which a re 4 0 0 
A° in d iamete r and at least 1 um in length. T h e s e 
bundles a re connected to t he ext race l lu lar space 
in contact with the apical m e m b r a n e by a small 
n u m b e r of tubules of scanty d iameter . T h e in
ter ior of these tubules can be shown to possess 
a polysacchar ide which probably presents 
acidic g r o u p s as revealed by s ta in ing with t he 
technique introduced by Belmar (14) . 

T h i s descript ion basically coincides wi th 
o n e given by o the r a u t h o r s (16) in Rana with t h e 
exception that in the i r mater ia l the polysac
char ide seems to be neu t ra l in react ion. 

In t he secreting s tomach after h i s t amine 
t rea tment the p l a s m a l e m m a of the apical p r o 
cesses is associated wi th a ne twork of actin fi
l amen t s which are connected to t he apical m e m 
b r a n e by bridges spaced some 300 A° apa r t . It 
can be su rmised that the t ubu la r system m e m 
b r a n e becomes associated wi th actin as at t r a 
verses the filamentous ne twork which is in
terposed between the t u b u l a r system a n d the 
p l a sma m e m b r a n e . T h i s ne twork is composed 
mainly of filaments 50 to 80 A° in d iamete r 
which can be decorated wi th heavy meromyosin 
(8) (Fig. 2B) . 

B 

Fig. 2. Schemat ic representat ion of the c h a n g e s occuring at 
the apical pole of the oxynt ic cell of Bufo at different stages 
of secretory activity. 

A ) Res t in g state. T h e tubular sys t em is t ightly packed, 
and separated from the apical m e m b r a n e by a wel l -def ined 
filamentous layer. 

B) Ce l l secret ing under m a x i m a l h i s t a m i n e s t imulat ion . 
T h e tubular sys tem h a s d i sappeared . T h e apical m e m b r a n e is 
folded into c o m p l e x processes a n d underl ined by a closely 
adherent f i lamentous ne twork . 

Scanning electron mic rographs of h i s t amine -
s t imula ted mater ia l show tha t t he apical p r o 
cesses a re essentially plate- l ike in shape . 

b) The Avian oxynticopeptic cell 

In the Ver t eb ra t e classes we have u p to n o w des 
cribed, t he gastr ic g lands a r e t u b u l a r and u n -
branched ; they occupy the mucosal layer of the 
s tomach wall . In Bi rds , as it is well known, the 
topography of these g lands is fundamenta l ly 
different (17). T h e gastr ic g lands are compound 
g lands which a r e placed deeply wi th in the p ro -
vent r icu lar wal l . Each gland is formed by a very 
la rge n u m b e r of tubules which converge from 
all direct ions to a common duct which opens in 
t u rn into the gastr ic lumen . Each of the tubules 
of these g lands possesses a l ining of mucous cells 
n e a r its opeing into t he common duct whi le its 
distal four fifths a re lined by oxynt icopepct ic 
cells. T h e most s t r iking feature o í these cells is 
tha t the i r junc t iona l complexes a r e p l aced very 
n e a r the i r basal poles; in this m a n n e r , each cell is 
s u r r o u n d e d by a circular cleft which separa tes 
the main por t ion of t he cell body from the adjo
ining cells (Fig. 3). T h e cytoplasm of these cells 

Fig. 3. Schemat ic representat ion of some structural features 
of the Avian s tomach. F r o m left to right: 

T h e bulky c o m p o u n d g lands are grouped together, a l l ow
ing for a more distensible muscular portion of the s tomach , 
w h i c h is the main digest ion chamber of the Avian gastric 
complex . 

T h e g lands are grouped into c o m p o u d structures , removed 
from the gastric l u m e n , and connected to it by a s lender ex 
cretory duct. 

The oxynticopeptic cells are surround by a pericellular 
cleft w h i c h a m o u n t s to an invaginat ion of the apical pole 
far less comple te than the o n e observed in M a m m a l s (See 

Fig . 1). 

presen ts the s t ruc tures which a r e associated 
wi th zymogen secretion. T h e organ iza t ion of 
t he secretory pole is somewhat va r iab le accord
ing to the species considered. 
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In Swales and in the newborn chick (below 
100 g body weight) the intercel lular cleft is 
completely filled by a complex in te rweaving 
of m e m b r a n o u s processes while t he cy toplasm 
shows the presence of a very small n u m b e r of 
vesicular or t u b u l a r e lements . Fas t ing adult 
fowl, on the o the r h a n d , present a large inter
cellular cleft wi th only a few processes whi le 
the immedia te cytoplasm shows many tubu la r 
a n d vesicular profiles. In Columba (200 g body 
weight) t he image resembles the one described 
for small birds a l though the n u m b e r of vesicular 
e lements present is larger . In Columba speci
m e n s of 4 0 0 g body weight t he n u m b e r of vesicu
lar profiles is still larger whi le t h e apical p r o 
cesses a re distinctly fewer. 

T h e h i s t amine-s t imula ted fowl s tomach 
possesses cells which show only a few t u b u l a r 
and vesicular profiles together wi th a h igh su r 
face e labora t ion . T h e admin i s t r a t ion of 2 ,4 -
d in i t rophenol to Columba and to the n e w b o r n 
chick produces a smooth apical surface and an 
increase of t he t u b u l a r system. M e t i a m i d e 
(H-2 h i s t amine receptor an tagonis t ) given to 
Columba resul ts in s imi lar images . 

Figs. 4, 5, 6: Electron micrographs of the tubular sys t em in 

Bufo (4 ) ( 6 0 0 0 0 X ) , Columba ( 5 ) ( 1 2 0 0 0 0 X ) and Felis 

calus(b) (75 0 0 0 X ) . 

Fixat ion artifacts m a y partly account for differences in 
diameter of tubules between different c las ses (See text) . 

Figs. 7, 8. Electron micrographs of oxynt icopept ic cel ls of 
Bufo, F ig . 7 after 2 ,4 -d in i trophenol . Fig. 8 after h i s t a m i n e 
s t imulat ion . 

T h e e laborat ion of the apical surface and the d i sappearan
ce of the tubular sys tem that a c c o m p a n y secretory activity 
are readily apparent . N o t e h igh ly ordered array of tubules in 
the rest ing state. 

It would then seem that in Bi rds a m e m b r a 
n o u s system is present at t he apical pole of the 
oxynt icopept ic cell which behaves in a w a y tha t 
is basically s imi lar to the system observed in 
F ishes , A m p h i b i a n s and Rept i les . T h i s system 
would be a lmost a lways in activity in small s ized 
b i rds , p robab ly in relat ion to the i r feeding 
frequency; in spite of th i s , the t u b u l a r com
ponent and its interconvert ibi l i ty wi th the 
apical m e m b r a n e have been demons t ra t ed 
exper imenta l ly both in large and in small b i rds . 
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A detailed description of the system shows 
some essential facts: 
/. T h e in t racytoplasmic m e m b r a n e s a r e 

organized in tubules which a r e shor ter a n d 
more s inuous t h a n those present in A m 
phib ians ; 

2. T h e disposi t ion in bundles of these tubules 
is not a lways evident; 

3. Al though some vesicular profiles can be 
seen, well-fixed mater ia l produces images 
where tubu la r e lements p redomina te ; 

4. T h e folds of t he intercel lular cleft a re 
plate- l ike; f i laments a re seen inside these 
s t ruc tures a l though the association between 
these filaments a n d the p l a sma m e m b r a n e 
is less evident than in A m p h i b i a n s . 

c) The Mammalian parietal cell (Fig. 1) 

In M a m m a l s , the general p lan of the gastr ic 
g lands resembles the one seen in F ishes , A p h -
ibians a n d Rept i les . T h e difference resides in 
tha t ins tead of oxynt icopept ic cells, two types of 
cells are found: zymogenic or chief cells a n d 
par ie ta l cells. T h e first type presen ts a highly 
developed protein synthes iz ing a p p a r a t u s 
whi le t he second type possesses m e m b r a n o u s 
e lements which a re akin to those we have des
cribed before. 

Par ie ta l cells are often placed in t he ou te r 
aspect of the g landu la r tube ; they void the i r 
secretion th rough a fine tubule which t raverses 
the space between ne ighbor ing cells. T h e y 
possess a highly b ranched , deep in t racel lu lar 
canal iculus whose lumen is par t ly filled wi th 
fingerlike processes, while t ubu la r a n d ves
icular m e m b r a n o u s e lements a re seen in the 
cytoplasm adjacent to the p l a s m a m e m b r a n e 
which forms the canal icular wall . 

T h e relat ion between the secretory s ta te 
of the mucosa and the body size of the an imal s 
is qui te s imilar in M a m m a l s and Bi rds . 
Smal l an ima l s present a highly developed sys
tem of processes that practically fill t he cana 
l icular lumen; the in t racytoplasmic m e m 
branous system is, in correspondence , poorly 
developed. In those larger an ima l s which p r e 
sent in termi t tent HC1 secretion (Canis a n d 
Felis) the res t ing s tomach shows cells present 
ing canaliculi with few processes accompanied 
by a well-developed tubu la r system. W h e n 
these cells a re s t imulated by h i s t amine a de

velopment of in t rácanal icu lar p n :esses is 
accompanied by a loss of intracel lular m e m 
brane . T r e a t m e n t with 2 ,4-d in i t rophenol in 
the rat provokes a reduct ion in the n u m b e r of 
cana l icu la r processes and a cor responding in
crease of the tubulovesicular in t racytoplasmic 
profiles. An ana logous effect h a s been demon
s t ra ted in the mouse s tomach in the res t ing 
s ta te (18) . 

T h e ra t secretes HC1 cont inuously (19 , 20) . 
T h e mouse secretes in termit tent ly but it is 
relatively difficult to obtain a s tomach in a t r u e 
res t ing s ta te (21) . N o da ta a re avai lable on 
o the r small m a m m a l s s tudied in th i s work but 
it seems reasonable to suppose tha t given the i r 
metabol ic r equ i r emen t s , the i r gastr ic HC1 se
cretion must resemble t he con t inuous one 
present in the rat r a t h e r t h a n t he in termi t tent 
o n e recognizedly present in larger m a m m a l s . 

T h u s in the M a m m a l i a n par ie ta l cell, a sys
t em of m e m h r a n e s which resembles t h e o n e 
shown by o the r HC1 secret ing cells is present . 
T h e in t racel lu lar m e m b r a n o u s system p re 
sents distinct s imilar i t ies wi th the one seen in 
Bi rds . It is formed by shor t , closely packed t u 
bu la r e lements which tend to be s inuous r a t h e r 
than s t ra ight . T h e in t rácanal icu lar processes 
a re for t he most pa r t , finger-like. T h e i r m e m 
b r a n e is constant ly associated wi th actin in a 
m a n n e r which closely resembles this type of 
associat ion in A m p h i b i a n s (8) . 

D I S C U S S I O N 

a) The acid-producing apparatus 

In all of the cell types we have studied, a m e m 
branous in t racytoplasmic tubu la r system is a 
central feature. T h i s system adop ts two differ
ent forms according to the secretory s ta te of the 
cell. T h e s t ruc ture a n d individuali ty of t he sys
tem have been often mis in te rpre ted and even 
overlooked due to the fact t ha t this system is not 
easy to preserve s t ruc tura l ly . F requen t ly the 
tubu la r e lements become fragmented into 
vesicles; cells often swell du r ing t he p repara t ive 
procedures . T h e result of these artifacts is a 
cell whose apical pole is filled with vesicles 
which present no specific o rde r or pa t t e rn . T h e 
tubu la r system is par t icu lar ly sensitive to low 
osmolal i ty fixatives, especially if they a r e 
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based on osmiun te t roxide (11). T h i s sensi
tivity a p p e a r s to be character is t ic of the system 
because it is appa ren t even in condi t ions which 
result in excellent preservat ion of o ther m e m 
branous organel les . 

In the res t ing s ta te , wel l-preserved cells 
show a t ightly packed t u b u l a r system. T h e 
highest degree of o rde r in this pack ing occurs 
in A m p h i b i a n s ; this order is a lmost as s t r iking 
in Birds and M a m m a l s a n d only slightly less 
evident in F ishes a n d Rept i les . It is in teres t 
ing to no te tha t 2 ,4-d in i t rophenol and anoxia 
in A m p h i b i a n s , Bi rds a n d M a m m a l s resul t in 
the adopt ion of a h ighly ordered disposi t ion. 
T h u s the assembly of extremely o rdered a r r ays 
of e lements does not seem to be directly de
pendent on the metabol ic energy of the cell, a 
fact which suggests the possibil i ty tha t com
ponents of the t u b u l a r m e m b r a n e s themselves 
m a y be respons ib le for it. T h i s possibil i ty seems 
interes t ing because it may represent an 
example of spon taneous assembly of a sup r a -
molecula r a r r a n g e m e n t . 

Besides the evidence we have presented he r e 
the re is ample evidence in t he l i t e ra ture (5 , 15, 
18, 22) to show tha t this system presen ts a 
second s t ruc tura l s ta te which cor responds to 
the secret ing cell. A dist inction might be m a d e 
he r e between the plate- l ike expans ions seen 
in n o n - M a m m a l s a n d the finger-like processes 
present in the M a m m a l i a n cell. H o w e v e r , these 
different s t ruc tures a p p e a r to co r re spond to 
functional equivalents as the i r associat ion 
wi th actin filaments suggests . T h i s associat ion 
wi th actin has been best studied in A m p h i b i a n s 
and M a m m a l s (8) where fi laments of actin 
r u n paral le l to the p lane of t he m e m b r a n e a n d 
a re connected to it by periodically spaced 
br idges . T h e presence of th i s associat ion seems 
to be impor t an t in t he genesis of the s t ruc tu re 
that the system adopts d u r i n g active secretion. 
In the res t ing s ta te no association exists between 
actin filaments and the t u b u l a r e lements of t he 
system. T h i s suggests the genera l possibil i ty 
tha t the assembly of m e m b r a n o u s s t ruc tures 
of the type presented by these cells may be con
dit ioned by the state of the cytoplasmic ma t r ix . 
T h e t u b u l a r system we have described reacts 
wi th some his tochemical techniques for t he 
demons t ra t ion of polysacchar ides . T h i s h a s 
been shown in A m p h i b i a n s (16) , M a m m a l s 
(23) and Bi rds . T h e identity of the reactive 

polysacchar ide is doubtful; resul ts publ ished 
for Rana (16) indicate tha t a neu t r a l poly
sacchar ide is t he ma in componen t whi le ou r 
resul ts in Bufo seem to evidence an acidic n a 
tu re for it. F r o m the point of view of this discussion 
however , it mus t be no ted tha t the t u b u l a r system 
a n d the apical p l a sma m e m b r a n e react s imi
lar ly wi th these techniques , which const i tu tes 
further indication tha t they represen t two 
states of the s ame system. 

Strong a l though unconclusive evidence is 
avai lable which indicates that the t u b u l a r 
system is derived from the Golgi a p p a r a t u s . In 
the first place, it has been shown that t h e first 
a p p e a r a n c e of the t u b u l a r system in gas t r ic 
cells du r ing ontogeny is preceded by a great 
development of the Golgi a p p a r a t u s (24) . Se
condly, his tochemical react ions which a re 
positive for t he t u b u l a r sys tem also s t rongly 
stain the Golgi m e m b r a n e s (23 , 16). Given the 
fact that the m e m b r a n o u s elements of t he 
system interconvert wi th the p l a sma m e m b r a n e , 
a possible derivat ion of the system from the 
Golgi a p p a r a t u s does not a p p e a r su rp r i s ing . 

F rom physiological evidence it seems p r o 
bable tha t both the hydrogen ion a n d the chlor ide 
ion secretions occur across the lumina l m e m 
branes of the gastr ic cells. T h o s e agents tha t 
s t imula te secretion as well as the more specific 
blocking agents (h i s t amine H2 receptor 
an tagonis t s ) p roduce clear and character is t ic 
effects on the m e m b r a n o u s sys tems of t he apical 
pole. In A m p h i b i a n s , the presence of a HCOvf-
activated adenos ine t r iphospha tase activity h a s 
been demons t ra ted in these m e m b r a n o u s 
systems (25). U p to the present t ime, changes 
in acid secretion have been possible to corre la te 
wi th s t ruc tura l changes at the apical pole. 
T h e s e da t a appea r sufficient to p ropose tha t 
the function of, the system under discussion is 
the secretion of H C 1 . It is impor t an t to r emark 
tha t the elements of the system are a lways 
associated with the a b u n d a n t mi tochondr ia 
present in these cells (a l ready described by 
classical histologists as " o x y p h y l e g r a n u l e s " ) . 
T h e secretion of hydrochlor ic acid involves an 
increase in concentra t ion r ang ing from 1 0 s 

to better than 10 6 t imes ; this implies a free 
energy change of cons iderable m a g n i t u d e (22) . 
T h u s the constant associat ion of mi tochondr ia 
wi th the m e m b r a n o u s system is an addi t ional 
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would possibly h inder the e l iminat ion of a p r o -
te inaceous secretion. An interest ing specula
t ion is to try to correla te the a p p e a r a n c e of t he 
cana l icu lus wi th t he secretory efficiency of 
the par ie ta l cell. In Bufo, the surface changes 
seen in oxynt icopept ic cells a re often accom
panied by the formation of an excavated o r 
concave apical pole; this change was first o b 
served by T o r n i e r (26) in 1886. Studies on 
the embryogenes is of the par ie ta l cell show tha t 
the canal iculus is first seen as a depress ion of the 
apical pole which becomes gradual ly m o r e 
conspicuous in the ne ighborhood of the e lements 
of t he ac id-producing a p p a r a t u s (27) . 

In Bi rds , t he profound per icel lular cleft 
whe re t h e changes typical of the function of t he 
ac id-producing a p p a r a t u s occur is ana logous 
to the par ie ta l cell canal iculus , even though 
the separa t ion of t he secretory pole from the 
g landu la r lumen in evidently m u c h less com
plete . 

T h u s it would seem tha t the par ie ta l cell 
canal iculus is an ex t reme case of a tendency of 
oxyntic cells to w i t h d r a w the i r secretory poles 
from direct contact wi th the g l andu la r l umen . 

Some of the avai lable da ta point ou t tha t 
the secretion of the par ie ta l cell is a HC1 solut ion 
isotonic with blood p l a s m a (22) . T h e different 
models which have been proposed for t r a n s p o r t 
in isotonic condi t ions (28 , 29) r equ i re the 
presence of some type of s t ruc tura l o rganiza t ion 
of the secretory surface which may segregate 
th i s a rea from the bulk solut ion that would 
o therwise freely ba the it. 

T h e model of solvent-solute coupl ing 
proposed by Hil l (29) which postula tes an 
electro-osmotic theory of fluid t ransfer is 
par t icu lar ly in teres t ing in this respect . T h e 
condition for isotonic fluid t ransfer accord
ing to th is model would seem to be that the se
cretory pole m e m b r a n e be o rgan ized s t ruc tura l ly 
in such a way that it r e m a i n s ba thed by the 
fluid being secreted. A direct way of ob ta in ing 
th is is to m a k e the apical m e m b r a n e so highly 
convoluted that the flow out of the spaces so 
genera ted prevents the diffusive en t ry of solut ion 
from the gastr ic l umen . S imi la r condi t ions 
would apply if the model chosen were that of 
D i a m o n d and Bossert (28) in which the 
secretory pole must r emain in contact with its 
o w n secretion. 

a rgumen t which suppor t s its acid-secret ing 
function. 

T h e bulk of the evidence available is then in 
favor of the content ion that in gastr ic g lands a 
sui generis a p p a r a t u s exists . T h e s t ruc tu re , 
behavior and function of th i s a p p a r a t u s set it 
apa r t from o ther m e m b r a n o u s systems of t he 
cell and w a r r a n t its designat ion as the " ac id -
p roduc ing a p p a r a t u s " . 

b) The Mammalian parietal cell 

T h e par ie ta l cell r ep resen t s an evolut ionary 
acquisi t ion which is character is t ic of M a m m a l s . 
For the first t ime , the ac id-producing a p p a r a t u s 
a p p e a r s completely separa ted from the zymo-
gen-producing s t ruc tures . In th is sense, as it 
h a s been pointed ou t before (3), the par ie ta l 
cell r epresen t s a h igher degree of special izat ion. 
It must be r emembered , however , tha t in some 
A m p h i b i a n s —of which Rana is a salient 
e x a m p l e — a very poor development of t he 
zymogen producing s t ruc tures exists , the 
secretion of zymogen being carr ied out mainly 
by esophagic g lands . O n the o the r h a n d , in 
some M a m m a l i a n par ie ta l cells, especially in 
small an ima l s , r ough endoplasmic re t i cu lum 
cis ternae a re found (12). Never the le i s , t h e 
par ie ta l cell never possesses secretion g ranu les 
or a complex ergas toplasm. T h i s cell is easily 
recognizable wi th the light microscope a n d 
its general o rgan iza t ion a p p e a r s to be s t ruc tured 
a r o u n d the ac id-producing a p p a r a t u s . T h i s 
componen t a n d the a b u n d a n t mi tochondr ia 
a re the pr inc ipa l cytoplasmic organel les . 

A pecul iar aspect of the par ie ta l cell is the 
in t racel lu lar canal icu lus . It is th in (less t h a n 
1 um) , long, b ranched and s inuous . T h e m e m 
b r a n e which forms its wall is the apical mem- , 
b rane of the cell, where the character is t ic 
changes of the ac id-producing a p p a r a t u s 
occur. It is well known tha t the M a m m a l i a n 
gastr ic mucosa is able to secrete H C 1 at vo lumes 
a n d concent ra t ions which a re considerably 
h igher t h a n those possible in Fishes , Repti les 
and A m p h i b i a n s . T h e evolut ionary s igni
fication of this capabil i ty should probably be 
sought in the increased metabolic r equ i r emen t s 
which accompany the rma l homeos tas i s . It is 
possible that the e l iminat ion of zymogenic 
s t ruc tures from the par ie ta l cell may be related 
to the adopt ion of a thin canal iculus which 
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T h e s e considera t ions afford an in teres t ing 
explana t ion for the par ie ta l cell. In F ishes , A m 
phib ians and Repti les the broad lumen of the 
gastr ic g lands greatly h inders any control that 
the oxynticopeptic cell may exert on t he fluid 
which bathes its apical pole. T h e development 
of the par ie ta l cell would permit tha t a g land 
wi th a histologically s imi lar s t ruc tu ra l p lan 
migh t achieve a considerably h ighe r secretory 
efficiency. T h e crucial element is then the se
gregation of t he apical surface by its invagina
tion into the cell. T h i s br ings of necessity a 
reorder ing of the ac id-producing a p p a r a t u s 
in relation to the invaginated apical pole. 

c) The Avian oxynticopeptic cell 

T h e preceding discussion br ings us to the 
necessity of consider ing the Avian oxynt icopep
tic cell. It seems that the Avian gastr ic mucosa 
can secrete H C 1 at volumes and concent ra t ions 
wich are qui te s imilar to those a t ta ined in m a m 
mal ian s tomachs (30). F rom the data we have 
presented and those in the l i t e ra ture it can be 
concluded that the pericel lular cleft in t he 
Avian mucosa is less e labora te a s t ruc ture t h a n 
the M a m m a l i a n cana l icu lus ; for this reason it 
might be expected to comply less fully with t he 
condit ion of spatial confinement of apical 
pole secretion. T h e Avian cell is however 
located in the compound provent r icular 
g lands , which are u n i q u e in s t ruc ture a n d cell 
disposi t ion a m o n g Ver tebra te gastr ic g lands . 
T h e y a r e deeply placed in the provent r icu lar 
wal l and a re connected to t he gastr ic lumen by 
a thin excretory duct . In these condi t ions the 
contents of the gastr ic lumen can have but 
little influence on the concentra t ion of the 
fluid ba th ing each apical pole. T h u s it would 
appea r that the r equ i r emen t s for isotonic 
secretion might be met by entirely different 
s t ruc tura l a r r a n g e m e n t s . It must be noted tha t 
the bulky conformation of these g lands seems 
to impose some restr ict ions on the ana tomica l 
s h a p e of the s tomach, which is different in Bi rds 
from the one seen in the rest of t he Ver t eb ra t e 
classes; these differences might be related to 
the division of the Avian s tomach into a g lan
du la r and a muscu la r por t ion . 

T h e profound dissimilar i t ies in s t ruc tura l 
p lan of the Avian s tomach may represen t then 
a means of ob ta in ing the highly efficient H C 1 

secretion requi red for t he rma l homeos tas i s 
in the absence of par ie ta l cells: it is ob ta ined by 
the cooperative action of many less efficient 
cells which a re organized into dist inctive com
pound g l andu la r s t ruc tures . 

d) Parietal cell differen tiation 

Studies carr ied out a n d reviewed by Plenk (1) 
indicate tha t t he par ie ta l cell is the first cell type 
to differentiate in M a m m a l i a n gastr ic g lands . 
D u r i n g development , this cell type coexists 
wi th undifferentiated cells for considerable 
per iods ; in M a n it is only about 5 mon ths of ges
tat ion t ime later t ha t differentiated zymogenic 
cells m a k e their appea rance . T h e work done by 
N o m u r a (27) with the electron microscope 
also shows the presence of unequivocal par ie ta l 
cells at an age in which zymogenic cells a re still 
absent . 

Studies done in A m p h i b i a n s have not been 
directed to the elucidation of t he point tha t 
interests us he re , namely whe the r t he acid-
p roduc ing a p p a r a t u s o r the zymogenic a p p a r a t u s 
a p p e a r s first. F rom the descr ipt ion avai lable 
however (24) one may infer t ha t h e r e t he 
ac id-producing a p p a r a t u s differentiates first. 
T h i s in te rpre ta t ion , if confirmed, might furnish 
a clue t oward expla in ing the p h e n o m e n o n by 
which the same anlage resul ts in n o n - M a m m a l s 
in one cell type , whi le in M a m m a l s it resul t s in 
two cell types which re ta in exclusively e i ther 
the ac id-producing a p p a r a t u s or the zymoge
nic a p p a r a t u s . It might then be p roposed tha t : 
1) T h e ac id-producing a p p a r a t u s is expressed 
ear l ier t h a n the zymogenic a p p a r a t u s ; 2) In 
M a m m a l s , the expression of o the r charac te r s 
of the par ie ta l cell (as the cana l icu lus , t he pecu
l iar intercel lular adhesiveness , etc.) impedes 
the expression of the zymogenic a p p a r a t u s . 

W e might in concluding say that in Ver 
tebra te gastr ic glands a morphogene t ic process 
occurs which affects the re la t ionsh ips between 
Golgi-der ived memb ran es and cytoplasmic 
mat r ix e lements (such as actin filaments). 
F u r t h e r m o r e , th is process has a dist inctiveness 
or individuali ty which makes its resul t , the 
ac id-producing a p p a r a t u s , easily identifiable 
in all member s of the Phy lum. O n e of t he ous t -
t and ing character is t ics of this process is t he 
const i tut ion of supramolecu la r assembl ies 
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of two distinct kinds in relat ion to the functional 

s ta te of the cell; the interconvertibil i ty of these 

supramolecu la r assemblies a p p e a r s to be one 

of their essential features and seems to be 

present in all classes of the Ver t eb ra t e Phy lum. 
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R E S U M E N 

Se presen ta un estudio coinpara t ivo de las célu

las oxínt icas del es tómago de los Ver t eb rados . 

El las p resen tan como rasgo común , un s is tema 

de túbulos membranosos in t rac i toplásmicos 

cuya m e m b r a n a parece ser interconvert ible 

con la m e m b r a n a p lasmát ica del polo lumina l . 

En todos los Ver tebrados con la excepción 

de los Mamífe ros , este s is tema compar t e u n a 

m i s m a célula con las es t ruc turas re lac ionadas 

con la secreción de c imógeno. En los Mamífe 

ros , el s is tema tubu la r referido se hal la l imi tado 

en forma exclusiva a u n a var iedad de célula, 

la célula par ie ta l , q u e no presen ta e s t ruc tu ras 

re lac ionadas con la síntesis de cimógeno. L a 

célula par ie ta l p resen ta además un largo y tor

tuoso canal ículo in t racelular en el cual se ha l l a 

su polo secretor . Se presen ta y se discute la h i p ó 

tesis de q u e la célula par ie ta l es capaz de a l canza r 

u n a al ta eficiencia en secreción de ácido clor

hídrico por la existencia del canal ículo in

t race lu lar que hace q u e la zona del polo secretor 

se m a n t e n g a s e p a r a d a del lumen g landu la r e 

independiente de los cambios de concentración 

del contenido de éste. En las Aves, cuyas g lán

dulas no presen tan células par ie ta les , es posible 

q u e un efecto análogo en cuan to a la eficiencia 

de la secreción se alcance po r la compleja es t ruc

t u r a de las g lándulas compues tas . Es posible en

tonces q u e la ausencia de células par ie ta les en 

esta clase sea un factor de t e rminan te en el desa

rrol lo del p lan es t ructura l del es tómago de Aves, 

único en t re todas las clases de Ver t eb rados . 
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