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INTRODUCTION

The introduction of the electron microscope into
blologlical research heralded the onset of intensive
investigation of the ultrastructure of the cell. Much
of this investigational activity has been concerned
with the morphology of the components of the gastro-
intestinal tract, especially the structure of the very
specialized intestinal eplthelial cell and cells within
the lamina propria.

Renewed interest has developed in determining the
mechanism involved in absorption of fats, carbohydrates
and proteins. The mechanism involved 1in transfer of
lipids from the intestinal lumen, through intestinal
epithelial cells and thence into the general circula-
tion has been the subject of great controversy over the
last century. Essentially three schools of thought
have developed: those who feel that absorption of fats
is by blochemical breakdown and molecular transfer with
later reconstitution; those who support the theory of
particulate absorption of l1lipids from the intestinal
lumen by a process simllar to pinocytosis with little
biochemical alteration of lipids other than emulsifi-
cation; and finally, that group which believes that

both blochemical alteration and mechanical absorption








































































































































































FIGURE I

Photomicrograph of apex of intestinal epithelial
cell. Microvilli (mv) form the luminal surface of the
cell. An invagination of the intermlicrovillous space
(a2) may be observed passing into the terminal web (tw).
Many mitochondria (m) can be seen concentrated in the
apical region of the cell. Three secretory granules
(sg) are present. Epon embedded.

Approximate Magnification 18,800X.






FIGURE 2

Photomicrograph of microvilll projecting into the
intestinal lumen (L). The microvilli (mv) are bounded
by a triple layered plasma membrane, two opaque layers
with a lighter layer in between (arrows). An in-
vagination (a) from the base of an intermicrovillous
can be seen passing into the terminal web. A Type I
attachment may be seen above the terminal bar (tb) and
Just below a microvillus. It appears to consist of
fibrils associated with the terminal web. Epon
embedded.

Approximate Magnification 33,100X.






FIGURE 3

Photomicrograph of a cross section through micro-
villi. The hexagonal arrangement of the microville is
quite apparent. Methacrylate embedded.

Approximate Magnification 62,000X.






FIGURE 4

Photomicrograph demonstrating the infoldings of the
plasma membranes (pm) of two adjacent epithelial cells.
A nucleus (N) of one of the cells may be observed in the
lower left corner. Many mitochondria (m) are found in
the supranuclear region of the cell. Methacrylate em-
bedded.

Approximate Magnification 18,400X.






FIGURE 5

Photomicrograph of two terminal bars (tb). Tono-
fibrils (tf) are seen extending into the cytoplasm.
Three epithelial cells (EC) are observed in close appo-

sition. Epon embedded.

Approximate Magnification 65,700X.






FIGURE 6

Photomicrograph of the supranuclear zone of an
intestinal epithelial cell. Several interdigitating
plasma membranes (pm) are shown. Nuclear pores (n)
form openings in the bounding membranes of the nucleus
(N). The Golgi complex consists of agranular membranes
(c) arranged in layers with several dilated cisternae

(v) evident. Epon embedded.

Approximate Magnification 20,500X.






FIGURE 7

Photomicrograph of several intestinal epithelial
cells at the level of the nucleus Many mitochondria
are found in this area The extreme interdigitations
of the plasma membranes of adjacent cells may be ob
served Several nuclear pores (np) are evident A
nucleolus (ne) and diffuse chromatin material may be
seen in the nucleus (N) Epon embedded.

Approximate Magnification 11 500X






FIGURE 8

Photomicrograph of three epithelial cells. At
their junctions two intercellular spaces (ics) are
formed. Granular endoplasmic.reticulum (ger) with many
ribosomes adherent to the membrane may be observed in
one cell. Several mitochondria (m) are located along
the periphery of two cells while in the third cell,
the nucleus (N) is very evident. Epon embedded.

Approximate Magnification 22,000X.






FIGURE 9

Photomicrograph of two epithelial cells (EC)
bordering a goblet cell (GO) filled with mucous.
Plasma membranes (pm) exhibit the characteristic para-
llel configuration. A Golgi complex (G) with cisternae
and a few vesicles may be seen in one epithelial cell.
Fingerlike invaginations of cells (iv) are seen in
cross section. Note the circular configuration and
parallel plasma membranes. Epon embedded.

Approximate Magnification 15,500X.






FIGURE 10

Photomicrograph of a lymphatic vessel lying in the
apex of a villus between two epithelial cells (EC). It
lies in the lamina propria (LP) in close apposition to
two epithelial basement membranes (bmg). Two fibro-
cytes (F) with collagen fibers (c) nearby are also
found in the lamina propria The lymphatic vessel is
surrounded by a basement membrane (bml) and several
fenestrations (fe) are noted through the lining endo-
thelium. The nucleus (N) of the endothelial cell
encroaches upon the tortuous and partly collapsed lumen.
A terminal bar (tb) or desmosome is noted connecting
two epithelial cells. Epon embedded.

Approximate Magnification 14, 400X.






FIGURE 11

Photomicrograph of several epithelial cells of
the mouse Jjejunum three hours after feeding a fat meal.
Microvilli (mv) are quite evident lining the luminal
border. Many mitochondria (m) may be seen most oriented
perpendicular to the longitudinal axis of the cells.
Many large irregular lipid masses (L) apparently without
membranes are scattered throughout the cell. Many small
lipid droplets (1) are also observed, many apparently in
a membranous structure. A few lipid droplets may be
observed between plasma membranes (pm) at the posi-
tion of and below the nucleus (N). Methacrylate
embedded.

Approximate Magnification 6,400X.






FIGURE 12

Photomicrograph of the apex of an epithelial cell
one hour after a fat meal. Several 1lipid (1) droplets
may be observed in the lumen (L) closely adherent to
microvilli (mv). Still other 1lipid droplets (1) are
observed within membranes in the apical region of the
cell. A few small fat droplets (b) may be observed
Just below the terminal web (tw). Invaginations of
the intermicrovillous spaces (a) are seen entering
the terminal web (tw). A large and small lipid drop-
let are in the process of coalesence (c) although
still separated by surrounding membranes. Epon

embedded.

Approximate Magnification 12,800X.






FIGURE 13

Photomicrograph of the supranuclear region of an
intestinal epithelial cell. Numerous fat filled vesicles
may be observed in the Golgi complex (G). Larger lipid
droplets (l), one in close apposition to the nuclear
membrane are also found in this area. Two large
nuclear pores (np) interrupt the limiting membrane of
the nucleus (N). Epon embedded.

Approximate Magnification 15,500X.






FIGURE 14

Photomicregraph of the cytoplasm of twe epithelial
cells. Large lipid masses (L) are scattered throughout
the cell, No evidence of containing membranes can be
noted around them. Many smaller lipid droplets (1) are
scattered throughout the cytoplasm, several enclosed
within a single membrane. Many of the smaller droplets
are in a process of coalesence with other smaller drop-
lets or larger lipid masses. Methacrylate embedded.

Approximate Magnification 26,300X.






FIGURE 15

Photomicrograph of amembranous lipid droplets (1)
in the intercellular space in between plasma membranes
(pm). Many mitochondria are closely associated with the
plasma membrane. On one side a large nucleus (N) may be
seen., Methacrylate embedded.

Approximate Magnification 34,400X.






FIGURE 16

Photomicrograph of the lamina propria. Several
macrophages (M) may be seen. A plasmocyte (P) may be
observed, its endoplasmic reticulum containing an
amorphous substance. A Russel body is present in its
cytoplasm. An eosinophil (Eo) may be observed in the
lower right corner. Many lipid droplets are present
in the interstitial space and in a macrophage in the
upper portion of the photomicrograph. Epon embedded.

Approximate Magnification 4,000X.






FIGURE 17

Migher magnification of an area of Figure 16. Many
lipid droplets may be seen in the 1interstitial space
along with collagen fibers (c). Lipid droplets are
found in great numbers in one of three macrophages (M),
some contained in membranes (arrow) and many apparently
lylng free 1n the cytoplasm. Many are in a process of
coalesence within the cell. An unidentified cell (U)
may be seen contalning a 1lipid droplet. Epon embedded.

Approximate Magnification 6,100X.






FIGURE 18

Photomicrograph of lamina propria. Many lipid
droplets (1) some in a state of coalesence may be
observed in the interstitial space in close association
to collagen fibers (c). An undifferentiated cell (U)
exhibits an intercellular bridge. A fibrocyte may be
observed in cross-section (Fx). Two other fibrocytes
(F) may be seen in the process of ingesting lipid
droplets (arrows). Several vacuoles (v) are present
in the fibrocytes. One vacuole (vl) contains three

lipid droplets. Epon embedded.

Approximate Magnification 6,100X.






FIGURE 19

Photomicrograph of the basal portion of three
epithelial cells. Beneath the cell lies a capillary (C).
The endothelium (end) and basement membrane of the
capillary (bmc) are depicted. The basement membrane
of the epithelial cells (bme) is evident. Lipid drop-
lets without membranes are grouped in the vicinity of
the capillary, some droplets apparently coalescing.
Methacrylate embedded.

Approximate Magnification 18,800X.






FIGURE 20

Photomicrograph of a capillary in the lamina
propria. The endothelial lining (end) and basement
membrane (bm) complete with fenestrations (fe) can be
observed. Two erythrocytes (Er) lie within the
capillary lumen. Around the capillary lie many lipid
droplets, many of which are in a stage of coalesence.
A 1ipid droplet (lc) lies within the capillary lumen.
Methacrylate embedded.

Approximate Magnification 20,000X.
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