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Summary. The columnar epithelial cells of the intestine in goldfish and rainbow trout were 
studied by electron microscopy. The most striking feature of the columnar cells, which was 
common in both fishes, was the extensive formation of lamellar structures in the cytoplasm. 
These were actually ribbon-like sheets which were bounded by two regular parallel membranes, 
and were found mainly in the basal half of the cytoplasm. In profile, these lamellar sheets were 
similar to the basal infoldings in the distal convoluted tubules of kidney, but were independent 
of the basal plasma membrane. The function of these lamellae is not known; however, these are 
presumably the structure involved in transport of water or nutrients. The remarkable difference 
between the goldfish and trout intestine was the occurrence of the invaginations of luminal 
surface between microvilli, and a variety of vesicles and vacuoles in the apical cytoplasm, 
observed exclusively in the posterior intestine of goldfish. In the present paper, it is suggested 
that there are differences in kind or degree of absorption between the goldfish and the rainbow 
trout, probably between stomachless fish and stomach-possessing fish in general, and that in 
the former food materials are ingested into the cell of posterior intestine by vigorous pinocytosis. 

I t  is well known tha t  Cyprinid fishes, such as goldfish or carp, have one of the 
simplest types of digestive t rac t  among vertebrates.  The goldfish does no t  possess 
a t rue stomach, and even in  the in tes t ine  there is no differentiat ion of the in tes t ina l  
glands nor  crypts of Lieberkfihn (McVAY and  KAAN, 1940; SAI~BAHI, 1951). The 
apparen t  lack of complexi ty in s t ructural  pa t t e rn  of the intes t inal  mucosa has 
a t t rac ted  the a t t en t ion  of m a n y  morphologists in  s tudying the s t ructure  and 
funct ion  of the digestive t rac t  of such stomachless fish. 

The most  recent s tudy  dealing with Cyprinid intest ine was made by AL- 
HUSSAINI (1949a, 1949b) who reviewed the histological l i terature and  examined 
the intest ines of three Cyprinids (Gobio, Cyprinus, Rutilus) cytologically and  
histochemically, and  conducted biochemical studies as well. He concluded tha t  
their in tes t inal  epi thel ium was composed principal ly of co lumnar  epithelial cells 
and  goblet cells, the former being far more numerous.  He also reported t ha t  the 
columnar  epithelial cell was an absorptive cell and  at  the same t ime funct ioned as 
a secreting cell which elaborated the enzymes involved in in tes t inal  digestion. 
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However ,  in his l ight  microscopy,  he could no t  show morphologica l  evidence of 
secretion.  McVAY and  KAAN (1940), and  SARBAHI (1951) s tud ied  the  h is to logy of 
the  digest ive  tube  in goldfish, and  the i r  observa t ions  were also in general  agreement  
wi th  those of ear l ier  inves t iga tors  who had  s tud ied  the  in tes t ine  of o ther  s tomach-  
less fishes (BABKIN, 1928; ROGICK, 1931; CV~RY, 1963). 

E lec t ron  microscopy has  con t r ibu ted  a g rea t  deal  to  our knowledge of the  
s t ruc ture  and  funct ion of m a m m a l i a n  in tes t ine  (WEIss,  1955; ZETTERQVlST, 1956; 
PALAY and  KARLIN, 1959 a, 1959 b ; CLARK, 1959 ; RUSKA, 1960 ; others),  bu t  ve ry  
l i t t le  is known abou t  the  fine s t ruc ture  of the  in tes t ina l  mucosa  in these in teres t ing  
fishes. Only i t  has been recen t ly  r epor t ed  t h a t  the  co lumnar  epi thel ia l  cells of 
goldfish are p rov ided  b y  special  l amel la r  s t ruc tures  in the  cy top la sm (YAMAMOTO~ 
1961). The present  s t u d y  has  been unde r t aken  wi th  a view to ex tend ing  the earl ier  
observa t ion  of l ight  microscopy,  and  to reveal  the  fine s t ruc ture  of the  in tes t ina l  
mucosa  of goldfish b y  means  of e lect ron microscopy.  Pa r t i cu l a r  a t t en t ion  was pa id  
to the  de ta i led  in te rna l  o rganiza t ion  of the  co lumnar  epi thel ia l  cell which con- 
s t i tu tes  the  bu lk  of the  mucosa  t h roughou t  the  ent i re  intes t ine.  F u r t h e r m o r e  the  
a t t e m p t  was made  to examining  the fine s t ruc ture  of the  in tes t ina l  co lumnar  
ep i the l ium of ra inbow t r o u t  which possesses a s tomach,  in compar ison  wi th  t h a t  
of the  goldfish. 

Mater ia l  and Methods 

Materials used for this study were 20 young goldfishes ca. 1O cm in length, and 5 rainbow 
trouts obtained from the aquarium of the Fisheries Center at the University of Washington. 
Small pieces from tile intestinal bulb, and from the middle and posterior parts of the intestine 
were removed from unanesthetized goldfishes into drops of fixative. Short lengths of the 
intestine of rainbow trout were also removed in the same way as in the goldfish. After cutting 
into small bits, the specimens were fixed for two hours in fresh and cold 2.5% osmium tetro- 
xide buffered at pH 7.4 with s-Collidine (BENNETT and LUFT, 1959), dehydrated in graded 
ethanol and then embedded in Epon epoxy resin (LvFT, 1961). 

Thick sections for light microscopy were cut on a Porter-Blum microtome, and stained 
with 0.5 % toluidine blue in phosphate buffer at neutrality. The photomicrographs were made 
using a Zeiss Planachromat objective and a green interference filter. Thin sections for electron 
microscopy were made in the same way as above, but stained with lead acetate method 
(DALTON and ZEmEL, 1960) or with alkaline lead tartrate method (MILLONIG, 1961). These 
sections were examined with an RCA EMU 2A or 2C electron microscope equipped with a 
special stabilized power supply. 

Observations 
Light microscopy 

F o r  be t t e r  unde r s t and ing  of the  epi thel ia l  cells of the  in tes t ina l  t r a c t  of the  
goldfish and  ra inbow t rou t ,  i t  is necessary to descr ibe br ief ly  the  general  s t ruc ture  
of the  mucosa.  Viewed externa l ly ,  the  in tes t ine  of goldfish m a y  convenien t ly  be 
d iv ided  into  two pa r t s ;  the  in tes t ina l  bulb  and  the in tes t ine  p rope r  (McVAu and  
KAA~, 1940). The former  joins the  oesophagus d i rec t ly ,  occupying the  place of the  
s tomach  in the  m a m m a l i a n  digest ive  t rac t ,  and  is wider  t h a n  the  r ema inde r  of the  
intest ine.  The in tes t ine  p roper  is the  na r row long winding por t ion.  

On the  o ther  hand,  the  in tes t ine  of ra inbow t rou t ,  succeeding to  a s tomach,  is 
shor ter  s t r a igh t  t ube  and  shows a lmos t  the  same d iame te r  everywhere  in the  
in tes t ine .  

5* 
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In  both fishes the principal structure of the mucous membrane is the same 
throughout the entire intestine, though there are some minor differences in its 
architecture in the goldfish. Mucosal folds can be seen everywhere in the intestine, 
though they are more complex in the intestinal bulb of goldfish (Fig. 1). There is no 
differentiation to form multicellular glands nor crypts of Lieberkfihn. The lining 
cells covering the folds are of two types, the most  numerous of which is simple 
columnar cells (Figs. l, 4, 8); the remainder is the goblet cells. Besides these two 
types of cells, a few migratory cells are present in the epithelial layer. 

The columnar epithelial cells are long and narrow in appearance (approximately 
70 ~ in length, 10 ~ in width), and their long nuclei are located just below the 
middle of the cell. The free surface of these cells is covered with a distinct striated 
border. In  the cytoplasm immediately beneath the striated border occurs a promi- 
nent clear zone which corresponds to the terminal web (Figs. 1, 4, 8). 

The cytoplasm except in this clear zone, is characterized by two regions of 
concentrated granulation which are due presumably to mitochondria. The first 
region occurs just below the clear zone in the apical cytoplasm, and the second 
appears in the basal area. Besides these granulation zones, a few mitochondria are 
also distributed around the nuclei. 

In  the posterior half of the intestine of regularly-fed goldfish the columnar 
epithelial cells contain a variety of vacuoles in the apical cytoplasm (Fig. 4), and 
it appears tha t  the mitoehondria are reduced in number when vacuoles occur. 
These vacuoles, however, can never be observed in the intestinal bulb of goldfish 
(Fig. l) and the intestine of rainbow trout  (Fig. 8). 

In  the cell boundaries beneath the striated border, typical terminal bars are 
present at  the level of the clear zone. In  the rainbow trout  other a t tachments  can 
sometimes be seen as minute dense spots along the cell boundaries below the 
terminal bar, whereas in the goldfish these are not prominent. This second type of 
a t tachment  is seen sporadically on the cell boundaries between adjacent cells from 
the top to the base of the cell. 

In  goldfish intestine, subjacent to the epithelium a well developed framework 
of blood capillaries can be seen surrounding the epithelial layer (Figs. 1, 4). At the 
base of the folds, an irregular layer of modified smooth muscle lies immediately 
beneath the blood capillary layer and extends into core of the mucosal folds 
(Fig. 1). This muscle layer becomes more sparse toward the posterior intestine, 
althouth a few smooth muscle cells can still be seen scattered in the lamina propria. 

In  rainbow trout  intestine, the epithelium rests on a distinct basement mem- 
brane {Fig. 8). The blood capillaries are sparse in the core of the intestinal folds, 
and, the morphological relationship between the intestinal epithelial cell and the 
blood capillary is not as close as in goldfish intestine where a well-developed 
blood capillary bed underlies the basement membrane. 

Fig. 1. A l ight  micrograph showing a par t  of cross section of the intestinal  bulb in goldfish. A mucosal fold pro- 
t ruding into the lumen (1) is shown in the center. The principal cells composing epi thel ium are columnar epithelial 
cells and goblet cells; the former is most  numerous. Some granular  cells and small round cells also are seen in the 
basal half of the epithelial layer. These are regarded as migratory  cells from the lamina propria (Ip). In  the columnar 
epithelial cells, numerous mitochondria are found in granular  or f i lamentous form at  the supra-nuclear region. At  
the base of fold, the thin smooth muscle layer (ram) is seen surrounding the epithelium. Lamina propria (lp), circular 

muscle layer (era), longitudinal  muscle layer (lm), and serosa also can be seen in this picture. • 600 
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:Fig. 2. An electron micrograph of the apical port ion of columnar epithelial cells in the intest inal  bulb of goldfish. 
The s tr iated border (sb) facing the intest inal  lumen (l) is t ight ly  packed wi th  narrow long microvilli .  Beneath the 
microvil l i  is seen the terminal  web in which cell organenes are absent, except for a few small tubules and vesicles 
which are more frequent in the cytoplasm below the terminal  web. Multivesicular bodies also are seen confined to 

this region. A lamellar structure (arrow) is seen closely associated with a mitochondrion (m). • 20,000 

Electron microscopy 

1. Goldfish 

a) The columnar epithelium o/intestinal bulb. The columnar epithelial cells in 
this portion are long narrow cells with large oval nuclei located below the middle 
of the cell. These cells tend to taper toward the cell base, though there is some 
variation in size from place to place. 

The luminal surfaces of these cells are densely covered with microvilli (Fig. 2). 
These mierovilli appear to be the same as those of the intestinal epithelial cells in 
mammals  which have been reported so far (WEISS, 1955; ZETTERQVIST, 1956; 
1)ALAY and KARLIN, 1959 ; RUSKA, 1960 ; and others). The lateral surfaces of the cells 
make smooth contact with neighboring cells, and the elaborate interdigitations 
between adjacent cells which have been found in mammalian intestine are not 
encountered here (Fig. 2). Beneath their free surfaces, the neighboring cells are 
attached to each other by a junctional complex similar to that  described by 
FARQVHAR and PALADE (1963). Instead of the interdigitations, desmosomes occur 
irregularly distributed between adjacent cells. 
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The cytoplasmic matrix beneath the microvilli is free of cell organelles, except 
for a very few vesicles and small tubules (Fig. 2). Instead, this area reveals a fine 
filamentous complex called the terminal web, corresponding to the level of the 
terminal bar. However, the terminal web is not as prominent as in the case of 
mammalian intestine. 

Numerous mitochondria are scattered in the supra and infra-nuclear cytoplasm, 
and are irregular in shape and orientation. The Golgi apparatus,  with its stacked 
lamcllae and vesicles, is well developed and is found just above the nucleus. The 
granular or agranular endoplasmic reticulum in irregular form is distributed 
throughout the cytoplasm. Multivesicular bodies are seen frequently in the apical 
cytoplasm (Fig. 2). Other small accumulations of vesicles, some of them partially 
bounded by membranes,  are present as well, and these appear to be in some way 
related to formation or breakdown of multivesicular bodies. 

The most striking feature of the columnar epithelial cells is the extensive 
formation of single lamellar structures (Figs. 2, 3). These structures, which have 
not been found in mammalian intestine, are best developed in the basal half of the 
cell, but a few of these lamellae also can be seen above the Golgi region (Fig. 2). 
Most of them appears to be arranged parallel to the long axis of the cell. In  cross 
sections, these lamellar structures are identifiable as flattened sacs which are 
bounded by two very regular parallel membranes separated by  about 250/~ 
(peak-to-peak distance). The membranes comprising the lamellae appear to be 
thicker and more dense than the membranes of endoplasmic reticulum. I t  is 
therefore easy to distinguish these lamellae from other endoplasmic components. 
They are never associated with RNP particles, but  their cavities frequently appear 
to be denser than the cytoplasmic matrix. Sometimes these lamellae are located 
near the lateral surface of the cell. Occasionally these peripheral lamellae can be 
seen to open into the intercellular spaces, in which case the membranes of lamellae 
are continuous with the lateral plasma membrane (Fig. 3). In  cross sections, it is not 
unusual to encounter lamellae giving the appearance of infoldings of the lateral 
plasma membranes (Fig. 3). From serial micrographs it is apparent  that  these 
lamellar structures are ribbon-like sheets, in which multiple fenestrations occur, 
and at  the periphery of which are seen many  finger-like projections associated with 
small vesicles. In  many  sections a close morphological relationship can be seen 
between the mitochondria and the lamellae, similar to tha t  found between the 
mitochondria and the basal infoldings in the epithelium of the distal convoluted 
tubule in kidney. 

Among these lamellae one can see small membrane-bounded bodies containing 
a light staining granular substance which bear some resemblance to secretory 
granules (Fig. 3). However, this type of structure is not present in the apical region, 
but  is confined solely to the basal half of the cell. Therefore, the presence of such a 
structure does not seem to furnish morphological evidence tha t  the epithelial cells 
are secretory in function. 

b) The columnar epithelium o[ the posterior intestine. The columnar epithelial 
cells in this portion resemble in appearance and arrangement those in the intestinal 
bulb, though differing considerably in some aspects of their internal structure. 

The microvilli on the luminal surfaces are slightly lower, and somewhat more 
loosely arranged than in the columnar epithelial cells of the intestinal bulb. A 
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Fig.  3. A longitudinal section of the infra-nuclear  cy toplasm of the  colunumr epithelial cells in the intestinal  bulb 
of goldfish. The close association between the lamellar  s t ruc tures  (ls) and  a mi tochondr ion (m) can be seen. One of 
these lamcllar  s t ructures  shows cont inui ty  wi th  the intercellular space by  the  small  short  tube (at the point  indicated 

by  arrow).  Less dense bodies (rob) bounded by  a single m e m b r a n e  are seen in the cytoplasm. • 35,000 

distinctive feature of the luminal surface of these cells is the conspicuous occur- 
rence of invaginations of the intermicrovillous plasma membrane (Fig. 5). Such 
invaginations appear to be confined to the cells of the posterior intestine, and in 
the form of flattened tubules, occasionally show indications of dense materials 
at tached to their walls. The cytoplasmic surfaces of these invaginations do not 
appear to possess filaments or rodlets (ROTH and PORTER, 1964). The lateral sur- 
faces of the cells are identical in structure with those in the intestinal bulb. 

In  the apical cytoplasm a variety of vesicles and tubules can be seen among and 
below the invaginations of the intermicrovillous plasma membrane (Fig. 5). These 
vesicles and tubules appear to be closely related to such invaginations. Among the 
varying vesicles and tubules, rather thicker filamentous structures oriented parallel 
to the long axis of the cell, are scattered sparsely (Fig. 5). These thick filaments are 
apparently composed of bundles of finer filaments, sometimes branched, which 
extend through the terminal web. Below the zone of vesicles the cytoplasm usually 
shows a few large vacuoles containing materials of varying density (Fig. 5). This 
zone seems to correspond to the single vacuole zone reported by McVAY and KAA~ 
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Fig.  4. A l ight  mic rograph  showing the epi thel ium of the posterior  intest ine of goldfish. The intest inal  lumen  (1) 
is seen a t  the  top. The cells const i tu t ing the epi thel ium are mainly  colunmar  epithelial cells, among  which one goblet  
ceil can be seen. The homogeneous  s t r ia ted  border is seen on the free surface of the columnar  epithel ium. The 
terminal  bars  (arrow) present  between ad jacen t  cells are seen clearly beneath  the s t r ia ted  border.  The apical 
cy toplasm of the co lumnar  epi thel ium is par t icular ly  character ized by a var ie ty  of vacuoles (v) which are found 
solelyin the  posterior intest ine (compare  wi th  Fig.  1). Mitochondria  in f i lamentous fo rm are found concentra ted  
bo th  in the supranuclear  region and  the base of cells. Blood capillaries (cp) are seen in close contac t  wi th  the base 

of epi thel ium. The section f rom Epoxy  resin embedded  tissue was s ta ined by  toluidine blue. • 960 

(1940). The granular endoplasmic reticulum is very infrequent in the apical cyto- 
plasm, although R N P  particles are freely scattered here (Fig. 5). Mitochondria also 
are few in this region. The mutlivesicular bodies frequently found in the apical 
region of the epithelial cell in the intestinal bulb appear to be virtually absent in 
the lower intestine. The typical Golgi apparatus is found above the nucleus, 
although it is not so well developed as in the epithelial cells of the intestinal bulb. 
From the supranuclear region to the base of the cell, the granular endoplasmic 
reticulum is conspicuously arranged parallel to the long axis of the cell (Fig. 6). 
Numerous R N P  particles also are freely scattered throughout the cytoplasm. 

The lamellar structures present in the columnar epithelial cells of the intestinal 
bulb are also encountered in the basal half of the columnar cells of lower intestine. 
Although the lamellar profiles present the same appearance, they are greatly 
reduced in number in the lower intestine (Fig. 6). In  electron micrographs, it is 
rare to see continuity of the lamellar membranes with the lateral plasma membra- 
nes. In  addition, the lamellae here do not show such close relationship with the 
mitochondria as they did in the case of the intestinal bulb. Usually both apical and 
basal ends of the lamellae are accompanied by vesicles and short tubules of 
approximately the same dimensions, aligned in one row. These may  be artefacts 
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Fig. 5. An electron mic rograph  showing the  apical por t ion of the  columnar  epithelial ceils in the posterior intest ine 
of goldfish. The intest inal  lumen (l) is shown a t  the upper  r ight .  The s t r ia ted  border is composed of numerous  regular 
microvilli.  There are remarkable  invagina t ions  of the intermicrovil lous p lasma membrane ,  pushing deeply into the 
apical cy toplasm th rough  the te rminal  web. Besides these invaginat ions ,  small  vesicles and  tubules arc seen here. 
Vacuoles (v) containing less dense mater ia ls  are also found among  vesicles and  tubules. Mitochondria  (m) are sparse 
in this region. The fine f i lamentous  s t ructures  (arrows) running  parallel to the  long cell axis  are seen among  vesicular 

components .  A pa r t  of a goblet cell (gb) is shown a t  the left. • 20,000 

resulted from breaking of the lamellae into rows of vesicles when fixed in osmic 
acid fixative. The mitochondria are concentrated in the basal cytoplasm displacing 
the lamellar structure (Fig. 7). 

As noted by PALAY and KARL~N (1959) in the columnar epithelial cells of the rat  
intestine, fine filamentous materials are distributed throughout the cytoplasmic 
matrix, but here their arrangement is mostly parallel to the long axis of the cell 
and they tend to be more or less grouped. Some of them converge on the desmoso- 
mes which occur irregularly between the adjoining cells. 

c) Relations o/the epithelium to the underlying tissues. The epithelial cells rest on 
the basement membrane (Fig. 7). Usually blood capillaries are found immediately 
subjacent to this membrane;  in such cases, the blood capillary wall facing the 
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Fig. 6. The longitudinal  section of the infra-nuclear  pa r t  of the columnar  epi thel ium in the posterior  intest ine of 
goldfish. Granular  endoplasmic re t icu lum is a r rayed  parallel to the long cell axis.  Lamel lar  s t ructures  (ls) are seen 
runn ing  parallel to the  endoplasmic ret iculum, and  dis t inguished easily f rom the latter.  Small vesicles and  tubules 
are also found al igned in one row. Numerous  R N P  particles are found scat tered freely in the cytoplasm. Less dense 

bodies (rob) bounded by  a single m e m b r a n e  also are seen among  mi tochondr ia  (m). • 25,000 

intestinal epithelium is attenuated, and sometimes fenestrated. In  electron micro- 
graphs the smooth muscle layer can be seen immediately surrounding the blood 
capillary layer. This muscle layer is particularly prominent at  the base of the 
mueosal folds in the intestinal bulb, and is composed of small thin smooth-muscle 
cells (Fig. 1). Although McVAY and KAA~ (1940) noted the absence of muscularis 
mucosa in goldfish intestine, it is suggested that  such muscularis mucosa is in fact 
present, though of an unusualy type. 

2. Rainbow trout  

a) The columnar epithelium o/intestine. The luminal surface of the columnar 
epithelial cell carries regularly arranged cytoplasmic projections, the microvilli, a 
standard structure in intestinal epithelium (Fig. 9). On the surface membrane 
there are no invaginations of the intermicrovillous plasma membrane such as those 
in the columnar epithelium of the posterior intestine in goldfish. 

The lateral surfaces of the epithelial cell show both similarities and differences 
in comparison with intestinal epithelia which have been studied so far. The terminal 
bar occurs between adjacent cells at  the level of the terminal web (Fig. 9) and its 
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Fig. 7. An electron micrograph representing the base of the columnar epithelial cells in the posterior intestine of 
goldfish and the underlying blood capillary. The basal cytoplasm of the epithelial cells is devoid of the lamellar 
structure, but numerous mitochondria can be seen concentrated here. Among mitochondria (m), less dense bodies 
(rob) also are seen. The thin basement membrane (bin) is visible along the basal plasma membrane of the epithelium, 
but absent on the side of the endothelium (en) of blood capillary (cp). The endothelium facing the epithelium is 
attenuated, except for the vicinity of nucleus (n) where the cytoplasm is characterized by nmnerous vesicles. 

• 31,000 

structure is similar to that  described in various epithelia (FAWCETT, 1958; FAR- 
QU~AR and PALADIn, 1963) by many electron microscopists. The outer, luminal 
portion of the terminal bar reveals the opposed plasma membranes of neighboring 
cells, arrayed parallel to each other, and separated by about I20---150 A (peak-to- 
peak distance). I t  appears to be typical tight junction (FARQU~A~ and PALADIn, 
1963) although it does not have a central density, presumably due to different 
preparation and staining methods. The lower, desmosomal portion of this terminal 
bar (corresponding in position to the lower boundary of the terminal web) is den- 
sely supplied with fine filaments. The intermediate junction (FARQUHAtr and 
PALADE, 1963) appears to be absent or greatly attenuated in this epithelium. 
Besides the normally found terminal bar type of cell attachment, there are other 
attachments occurring between adjacent cells below and apart from the terminal 
bar. These attachments are very similar to the desmosome previously described 
( O D L A N D ,  1958; FAWCETT, 1958 ; FARQUttAR and P A L A D E ,  1963). These attachment 
areas seem to be composed of three or more of the same type of desmosome, in 
locations corresponding to the level of the coarse filament layer immediately 
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Fig. 8. A l ight  micrograph of the intest inal  epithel ium of rainbow trout. Two cell types can be identified; numerous 
cohmmar epithelial cells and sporadic goblet cells. The luminal  surface of the epithelium is covered with a thick 
str iated border. The cytoplasm below the str iated border shows a l ight  zone, representing the terminal web. In  this 
zone, the terminal bars (tb) can also be seen a t  the cell border. In  the cytoplasm two areas of granulat ion (gr) can be 
found at  the apical and basal regions. The dense, prominent  basement membrane can be seen between the epithe- 
l ium and the lamina propria. The blood capillary in the core of fold is located a short  distance from the basement 

membrane, x 1100 

beneath the terminal web in the cytoplasm (Fig. 9). The appearance of such groups 
of desmosomes will be referred to in this paper as "multidesmosomal at tachments".  
The plasma membranes of the two adjoining cells in the desmosome are opposite 
and parallel, maintaining a constant distance of about 500 A apart.  Each of these 
plasma membranes is accompanied by a second dense line within the cytoplasm 
(at a gap of about 100 A from the first) toward which the coarse filaments converge 
(Fig. 9). Fine filamentous structures are faintly visible crossing the space bounded 
by the two outer membranes of the desmosomes. Desmosomes of this type do not 
appear to encircle the cell continuously but occur irregularly as isolated discs, and 
are encountered frequently in other regions of the lateral plasma membranes. An 
electron micrograph of a cross section of an intestinal epithelial cell in the infra- 
nuclear zone shows this multiplicity of isolated desmosomes clearly (Fig. 10). 

The lateral plasma membranes do not show complicated interdigitations bet- 
ween the adjoining cells, but generally make a smooth contact with them. However, 
some slight interlocking can be seen sometimes in cross sections. 

The basal surface of these cells is, in general, smooth, sometimes wavy, and is 
in contact with the conspicuous basement membrane. Occasionally a few parallel 
coarse filaments (about 50 A in diameter) appear to be attached by their ends to 
the basal plasma membrane (Fig. 13). These are probably tonofilaments and are 
frequently seen in the cytoplasmic matrix, where they are oriented parallel to the 
long axis of the cell. Such filaments show a tendency to group when going deeper 
in the cytoplasm. At times, the intercellular spaces are dilated, especially at the 
basal region of the epithelium, and dense small particles can often be seen in these 
intercellular spaces (Fig. 13). 
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Fig.  9. A high magnif ica t ion  of electron micrograph  of the apical cell boundary  between two adjoining epithelial 
cells in ra inbow t rout  intestine. This  picture denlonstrates  the fine details of the t igh t  junct ion (tj), the terminal  

web (tw), the  coarse f i lament  layer (c]), and  the mul t i -desmosomal  a t t achments .  • 35,000 

The cytoplasm immediately beneath the striated border consists of a layer, the 
terminal web composed of extremely fine filaments (Fig. 9). This web is also present 
in other vertebrates. From this layer, the mitochondria and the cndoplasmic 
reticulum are largely excluded, though a few vesicles can be seen which are con- 
sidered to be pinocytotic in origin. 

Jus t  below the terminal web there is another layer of coarse filaments (Fig. 9). 
The filaments comprising this layer are larger in diameter (about 70--100/~), 
coarser than those in the terminal web, very similar to the tonofilaments in epi- 
dermis, and are interlaced in a direction parallel to the free surface of the cell. I t  
is thus easy to distinguish this layer by virtue of these characteristic features. In 
the margins of this layer some filaments converge to the desmosomal attachments,  
as mentioned before (Fig. 9). Packed among these filaments is a variety of granular 
or agranular endoplasmic reticulum dispersed throughout the layer, together with 
a few mitochondria and multi-vesicular bodies. 

The endoplasmic reticulum, granular and agranular, is equally well distributed 
throughout the cytoplasm except at the terminal web. In  the electron micrograps 
most of the granular endoplasmic reticulum is cisternal in profile, whereas the 
agranular element is vesicular in form. Such a granular endoplasmic reticulum is 
particularly abundant  in the region of supra-nuclear granulation visible in the 
light micrograph (Fig. 8) and it is here that  the mitochondria are mainly accumula- 
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Fig. 10. A cross section of the infra-nuelear region of the columnar epithelial cells in rainbow trout  intestine. On 
the smooth lateral cell boundaries, typical desmosomes can be seen dis t r ibuted sporadically between adjacent  cells 
(as indicated by arrows). In  the cytoplasm the lamellar structures (Is) can be readily dist inguished by their  regular 
profile and higher density from the usual endoplasmic reticulum. Bundles of coarse fi laments (b]) or small groups of 

fi laments are also seen sectioned in various directions, x 19,000 

ted. Here also the agranular endoplasmic reticulum appears to be in close associa- 
tion with the mitochondria. Besides the RNP particles attached to the 
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Fig. 11. An electron micrograph showing an area of the basal cytoplasm of the columnar epithelial cell in rainbow 
trout  intestine. Cytoplasmic f i laments are seen near the lamellar structures (Is). The end of one lamellar structure 
indicated by arrow shows a structure similar to a desmosome, but  occurring across a lamella wi thin  a single cell. 
Large cisternae containing numerous dense particles, and round membrane-bounded structures (mb) containing 

low density materials are also seen between mitochondria (m). • 22,500 

endoplasmic reticulum, numerous RNP particles arc present freely dispersed in 
the cytoplasmic matrix. 

An unusual variety of endoplasmic membranous system in the cytoplasm has 
been encountered in trout  (Figs. 10, 11, 12), similar to that  seen in the columnar 
epithelium of goldfish intestine. These membranous structures form single lamellae 
about 350/~ in width and are confined in general to the basal half of the cell. By 
serial reconstruction it appears that  the tri-dimensional structure of these lamellae 
is a ribbon-like sheet, in which multiple fenestrations occur. Finger-like projections 
extend from the peripheral edges of these lamellar sheets, often accompanied by 
vesicles located near their tips. These special lamellae are, in general, oriented 
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Fig.  12. A cross section of the infra-nuclear  region of the  columnar  epithelial cell in ra inbow t rout  intestine. 
Numerous  lamellar  s t ructures  (/s) can be readily dis t inguished f rom the usual  endoplasmic re t icu lum by  their  
l ineari ty and  h igher  density.  The cavi t ies  of these lameilar  s t ructures  are filled wi th  finely granular  mater ia ls ,  and  
some lamellae contain  small  dense particles. Many f i lamentous  s t ructures ,  mi tochondr ia  (m), and  free R N P  
part icles are also seen a m o n g  lamellae. On the smooth  border  of cell (arrows) small,  short  invagina t ion  of the  

lateral  p lasma m e m b r a n e  (iv) can be seen. x 29,000 

parallel to the long axis of the cell, and usually do not show anastomosis with other 
endoplasmic reticulum, or with the other special lamellae. Nor are RNP particles 
ever attached to these lamellae. Instead, some filaments occasionally converge to 
them. In  such places, the cross section of tamellae has shown an appearance similar 
to desmosomes occurring between adjacent cells (Fig. l 1). The lamellae in trout 
are not seen in as intimate relationship with mitochondria as they are in goldfish. 
Also whereas in goldfish there is, in places, a continuity of the membranes of the 
special lamellae with the lateral plasma membranes (giving the impression that  the 
lamellae are arising from a lateral infolding of the cell membrane), it was not 
possible to find such infolding in trout. In some cases, however, short tubular 
invaginations of the lateral plasma membrane can be observed (Fig. 10, 12). The 
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cavities of these lamellae occasionally contain less dense, more or less homo- 
geneous materials or dense fine particles (Fig. 12). 

Among the endoplasmic reticulum and the lamellar structures there are mem- 
bran-bounded bodies (Figs. 10, 11), nearly round in shape, containing low density 
granular materials, which show a similarity in appearance to the secretory granules 
in glandular cells. 

As noted by light microscopy, mitochondria are particularly abundant in the 
supranuclear and basal regions. They are relatively small in size, irregular in form 
and their cristae mitochondriales are few in number. 

The Golgi apparatus in the columnar epithelium, consisting of a few stacked 
lamellae and vesicles, is located not only above the nucleus, but  is also frequently 
visible dispersed around the nucleus. 

The filamentous structure found by PALAu and KARLI~ (1959) in the cyto- 
plasmic matrix of the columnar epithelium of the rat intestine can be also seen 
spreading throughout the cytoplasm in the columnar epithelium of trout intestine. 
There are, however, differences in size and orientation between them. The fila- 
ments in the cytoplasmic matrix seem to be substantially the same as those in the 
coarse filament zone just below the terminal web (Fig. 9). Although the filaments 
are oriented in various directions, the majority of them tend to be parallel to the 
long axis of the cell, especially in the basal half of the cell. An exception occurs at 
the desmosomes where the filaments converge horizontally (Fig. 10). Often these 
filaments group to form small bunches among the mitochondria and other cell 
organelles (Fig. 10). Such grouped filaments are mainly located in the central 
column of the cell, and not in the periphery. 

Occasionally filaments course so close to the nuclear envelope as to suggest 
at tachment to it. In the cell base, the filaments often appear to be attached to the 
basal plasma membrane (Fig. 13) without, however, showing the definite form of 
at tachment which occurs with the hemi-desmosomes described in the epidermal 
basal cell. 

b) Relations o/the columnar epithelium to the underlying tissues. The epithelial 
cells lie with their basal plasma membranes facing toward the thick basement 
membrane (Fig. 13). Usually, there is a thin clear layer interposed between the 
basement membrane and the epithelium (Fig. 13). This clear layer, however, is 
missing in some pictures. In the low magnification micrographs, the basement 
membrane appears to be composed of dense homogeneous materials. However, the 
high magnification micrographs, after lead staining, reveal that  it is, in fact, not 
homogeneous but  filamentous in nature. Within the basement membrane small 
dense particles are frequently embedded (possibly fat droplets), which appear 
similar to those found in the cavities of special lamellae (Fig. 12) or in the inter- 
cellular spaces of the intestinal epithelium (Fig. 13). 

In goldfish intestine, a well-developed blood capillary bed is seen in immediate 
contact with the basement membrane, surrounded by a smooth muscle layer; in 
t rout  intestine, on the contrary, the infrequent blood capillaries are usually 
separated by intervening thick connective tissue, in which the majority of cell 
components appear to be smooth muscle cells oriented parallel to the basement 
membrane (Fig. 12). A few unidentified cells, probably fibroblasts, are found in 
this connective tissue and abundant collagen fibrils fill the spaces between smooth 
muscle cells. 
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Fig. 13. The basal  por t ion of the  epi thel ium in the caudal  intest ine,  and  the under ly ing tissue components  in 
ra inbow trout .  The interceliular spaces be tween  ad jacen t  epithelial  celia arc di lated and  filled wi th  dense smal l  
particles. The p rominen t  ba semen t  m e m b r a n e  is seen along the bass i  p lasma m e m b r a n e  of the  epi thel ium. The  
connect ive t issue present  be tween the  epi thel ium and  the blood capillary (cp) contains  a few smoo th  muscle cells 

(sin) and  collagen fibrils. Small dense part icles are also found between t h e m  {arrow). • 10,000 

Discussion 

a) Gold/ish intestine. AL-HussAINI (1949) reported tha t  the striated border 
covering the luminal surface of the columnar epithelium in intestine of Cyprinid 
fishes appears as a layer composed of numerous canals. The results of the present 
study, however, do not support his interpretation. The fine structure of the 
striated border in goldfish is the same as that  found in mammalian intestine, which 
is composed of regularly-arranged cytoplasmic projections, the microvilli. This is 
also the ease in the intestine of rainbow trout.  

Electron micrographs presented here show that  there are differences in the 
configuration of the apical cell surfaces between the intestinal bulb and the 
posterior intestine in goldfish. Intermierovillous invaginations of the free surface 
membrane which were predominant in the columnar epithelium of the posterior 
intestine suggest vigorous pinocytotic activity. The presence of such invaginations 
only in the posterior intestine further suggests tha t  there are differences in kind or 
mechanism of absorption between the intestinal bulb and the posterior intestine. 
The invaginations of free surface membrane quite similar to those found in gold- 
fish were observed by  CLAR~ (1959) in the columnar epithelial cells of intestine of 
the suckling rats and mice after administration of the bovine gamma globulin and 
ovalbumin, but never in the adult animals. On the basis of his experiments, 

6* 
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CLARK (1959) suggested tha t  cellular ingestion by invagination of the apical cell 
membrane is par t  of the mechanism of absorption of intact  proteins in suckling 
animals. 

There are some data on the distribution of enzymes in the intestine of Cyprinids 
which are based on the results from biochemical assay; both lipolytic and amyloly- 
tie enzymes occur in the intestinal bulb but amylolytic enzymes are maximally 
concentrated in the intestinal bulb and decrease gradually towards the caudal end 
of the gut: On the other hand, proteolytic enzymes are more concentrated in the 
posterior intestine than in the anterior region (AL-HUSSAI~I, 1949 ; SARB~I, 1951). 
Judging from similar observations in the suckling rats and mice, the biochemical 
data  above mentioned, and the fact that  the goldfish is devoid of a true stomach 
and, therefore, lacks peptic digestion, such invaginations of the free surface 
membrane in goldfish intestine may  be related to the absorption of proteins. The 
present s tudy does not furnish any evidence to support or deny such relationship ; 
however, the work of ROTtt and PORTER (1964) on mosquito oocyte supports this 
conclusion. The vesicles which, they suggest, are involved in protein uptake show 
short filaments on the inside (extracellular) surface similar to the filamentous 
thickening seen on the invaginations at the luminal surface of the posterior intestine. 
However, the rodlets on the cytoplasmic surfaces of the vesicles described by 
ROTH and PORTER (1964) have not been seen in the goldfish material. 

The numerous vesicles in the apical cytoplasm of the columnar epithelium in 
the posterior intestine apparen t ly  are related to the invaginations mentioned above. 
In  this study, both light and electron micrographs revealed the presence of large 
vacuoles in the apical cytoplasm of the columnar epithelium in the posterior 
intestine of goldfish. Similar vacuoles also have been described by earlier light 
microscopists in some fish intestine (DAWES, 1929; ROGICK, 1931; McVAY and 
KAA~, 1940; AL-HussAINI, 1949). DAWES (1929), and McVAY and KAAN (1940) 
suggested tha t  such vacuoles appear in direct relation to the presence of food in the 
intestinal lumen. However they did not discuss the nature of the vacuoles. On the 
other hand, ROGICK (1931) considered such vacuoles as the early stage in mucous 
formation, and AL- HUSSAINI (1949) thought that  the vacuoles seemed to represent 
the loci occupied by fat  globules. As McVAY and KAA~ (1940) had noticed in 
goldfish, the vacuoles were found mainly confined to the posterior intestine of 
goldfish in the present study. 

From the topographical association of invaginations with vesicles and vacuoles 
in the apical portion of the same cell, it seem s possible that  all these structures are 
linked to each other, each of them representing a stage of pinocytosis by means of 
which food materials are ingested into the cell in bulk. 

Of particular interest in this s tudy is the presence of numerous lamellar sheets 
in the columnar epithelium, which are more concentrated in the intestinal bulb, 
gradually decreasing in frequency towards the posterior intestine. Similar struc- 
tures have been found in the distal convoluted tubule of kidney (PEASE, 1955, 
1956), or in the choroid plexus (MAxwELL and PEASE, 1956; PEASE, 1956), or in 
the striated duct of the parotid gland (ScoTT and PEASE, 1959) where they have 
been described as basal infoldings, and have been generally interpreted as struc- 
ture related to water t ransport  (PEASE, 1959). The lamellar sheets described in this 
paper are, however, not basal infoldings but  are independent of the basa] plasma 
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membrane.  Some of them show continuity with the lateral plasma membrane of the 
epithelial cell. 

The similarity between these lamellar sheets and the basal infoldings of the 
distal convoluted tubule of the kidney, their physical relationship to mitochondria, 
coupled with the fact tha t  goldfish live in fresh water and appear to drink large 
quantities of water when eating (ALLE]~ and FRANK, 1948), together tend to 
suggest some correlation of these lamellar sheets with water transport.  

In  the relationship of the columnar epithelium to the underlying tissues, it 
should be noticed that  the blood capillaries are located immediately subjacent to 
the basement membrane of the epithelium and frequently show fenestrations in 
their endothelial walls. Such arrangement and structure of blood capillaries are 
similar to tha t  in many  endocrine organs. This might reflect the absorptive function 
associated with intestinal physiology. The lamellar sheets found in the cytoplasm 
of the columnar epithelial cells may  likewise be associated somehow with absorption 
of the products of digestion, or water. 

b) Rainbow trout intestine. The fine structure of the columnar epithelial cells in 
rainbow trout  intestine is similar to those in the goldfish intestine, and some 
differences also. 

Probably the most significant finding in the epithelial cells of the t rout  intestine 
is the presence in their cytoplasm of many  endoplasmic lamellae. These lamellae 
appear to be ribbon-like sheets with multiple fenestration, and after osmium 
fixation, with vesicles associated with their margins. Such sheets occur in the 
goldfish intestine as well as in the trout, and it is possible tha t  they may  be a 
common feature of fish intestine, althought, of course, this cannot be established 
until other species have been examined. Here it is considered tha t  these lamellar 
sheets may  be a specialized form of agranular endoplasmic reticulum. This inter- 
pretation is based on their structure, since it appears tha t  they are a reticulum in 
their continuity over a considerable extent, and also the fact they are located in 
the endoplasm of the cell. On the other hand, it is possible to consider them as 
deep infoldings of the lateral plasma membrane of the epithelial cell. The evidence 
for this in the goldfish is better  than for the trout  since in the goldfish membrane 
continuity between the sheet-like lamellae and the lateral plasma membrane is 
directly traceable occasionally across narrow tubular connections. These direct 
connections have not been in the trout, but only potential connections detected in 
terms of occasional short, apparently blind, invaginations from the lateral plasma 
membrane.  In  favor of potential connection is the observation that  material of 
similar density and granularity appears both within the cavity of the lamellae and 
in the extracellular space between epithelial cells. I t  is possible that  connections 
existing in reality are disorganized during osmium fixation along the lines sugges- 
ted by TORMEY (1964) and others. The function of these lamellar sheets is actually 
not known at  present. However, the finding of similar contents both within the 
cavity of the lamellae and in the extracellular space, and the similarity to the 
basal infoldings of distal convoluted tubules of kidney as discussed in goldfish, 
suggest tha t  the lanmllae may  be involved in the transport  of water or nutrients, 
or both. 

A second similarity to goldfish intestine is the presence of numerous small 
membrane-bounded bodies in the basal part  of the epithelial cells of the trout. 
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These bodies are circular in profile about 0.3 ~ in diameter, contain a finely granu- 
lar material of low density under the preparation methods used, and are dispersed 
in the cytoplasm among the various membranes of the cell. Although these struc- 
tures are similar in appearance to secretion granules, there is no evidence that  they 
are involved in secretion. 

There are several points of difference between the trout and goldfish intestine, 
and the possibility exists that  there may be an underlying mechanical explanation 
for these differences. First, in the intestinal epithelium of the trout, the lateral cell 
surfaces are distinguished by the occurrence of multidesmosomal attachments 
below the terminal bar, but these groups of desmosomes are not found in the gold- 
fish. Secondly, although both trout and goldfish epithelia have a well developed 
terminal web composed of a feltwork of very fine filaments, only the trout possesses 
a layer of larger filaments beneath the terminal web. These thick filaments course 
throughout the cytoplasm of trout intestinal epithelial cells to insert into the 
multidesmosomal attachments and into the basal regions of the cells. Thirdly, the 
goldfish has a layer of blood capillaries disposed between the basement membrane 
of the intestinal epithelium and the smooth muscle of intestinal wall, whereas the 
trout epithelium sits on a thick basement membrane which is in direct contact 
with the muscularis of the intestine, within which are found the absorptive 
capillaries. Finally, the epithelial cells of the intestine proper of goldfish show at 
their apices numerous pits and invaginations between the microvilli with a variety 
of vesicles and vacuoles in the apical cytoplasm. This morphological complex was 
interpreted as indicative of vigorous pinocytotic activity. Conversely, the in- 
testinal epithelial cells of trout show few if any such features anywhere within the 
cell. This remarkable difference in structural feature of cell surface appears to be 
greatly related to the fact that  the goldfish does not possess a stomach and lacks 
peptic digestion, whereas the trout does. 

I t  is further suggested that all these differences might be accounted for by the 
assumption that intestinal absorption in the goldfish is a mechauically gentle event 
carried out primarily by pinocytosis at the epithelial cell surface in a relatively 
quiescent viscus. In  contrast, digestion in the trout may be carried out by a diffe- 
rent process, accompanied by vigorous mixing of intestinal contents, and necessi- 
tating a mechanically resilient epithelium and a firmly supported capillary bed. 
However, no specific evidence is presented to support the speculations incorpora- 
ted in this suggestion. 
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