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Summary. 79 NMRI mice and Wistar rats were used for ultrastructural
investigations of the sequential uptake of horseradish peroxidase (HRP)
by M cells. In addition the ultrastructure of the so-called tuft-cells was
reported.

HRP, a foreign protein antigen, was applied either by injection (Owen
1977), or by stomach tube. After variable exposure times (5 min to 3h)
segments of the distal small intestine, containing Peyer’s patches, mesenteric
lymph nodes and liver tissue were removed. After fixation, they were reacted
with H,0,-3,3’-diaminobenzidine tetrachloride and were examined by light
and electron microscopy for HRP reaction products. The uptake of HRP
mainly occurs through the M cells in the dome epithelium of Peyer’s patches
with a continual transport of the antigenic material into lymphoid cells,
macrophages, and dendritic reticulum cells. In the 3 h specimens a few single
HRP-positive lymphoid cells can be observed within the efferent lymphatics
of Peyer’s patches. In addition, a continual uptake of HRP by necrobiotic
enterocytes was observed. It has also been shown that after 3h HRP is
located inside the Kupffer cells of the liver. These findings also support
the presumption that antigenic material can be transmitted via the portal
circulation. However, definite, quantitatively and permanently recorded up-
take of HRP by brush border cells was not be observed.

To exclude a toxic effect of the applied HRP on the enterocytic epithelium
additional resorptive-physiological investigations were performed using the
in vivo-perfusion-recirculation method and in vitro-accumulation of L-phe-
nylalanine.
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Introduction

The intestinal tract is a continually exposed immunobiological organ with an
inner surface estimated to be approximately 200-300 m? in area. In view of
the enormous amounts of microorganisms and alimentary antigens to which
it is exposed it is an important surface in immunological homeostasis (Walker
1976). It has been estimated that about 90% of all immunoglobulins produced
in the organism are directed against intestinal antigens (Ruchti et al. 1976,
1979).

A morphological correlate of the immunobiological marginal surface func-
tion is the ““gut associated lymphoid tissue” (GALT). The development and func-
tional maturation of the GALT are closely related to the course of bacterial
settlement in the intestinal tract. Thus GALT belongs to secondary level lymphatic
tissues, which only develop during the process of antigenic exposure
(stimulation). The morphological and functional differentiations of the GALT
are evidenced by the postulate that a continual but limited (controlled) antigen
absorption takes place via the wall of the intestinal epithelium. Experimental
inquires and clinical observations have shown that the sites of physiological
antigen resorption are in the areas of specific lympho-epithelial differentiations
of the mucosa (Walker et al. 1972; Walker and Isselbacher 1974, 1977; Bockman
and Stevens 1977; LeFevre et al. 1978; Abe and Ito 1978; Joel et al. 1978;
Ruchti et al. 1980; see also: Kraehenbuhl et al. 1979).

Overall, the studies by Owen (Owen and Jones 1974a, b; Owen 1977) have
shown that specialized mucosal cells, referred to as ““microfold” or “membra-
neous” cells (M cells) are responsible for direct antigen transport to the GALT.

The present study investigates the ultrastructure of M cells and the resorption
pathway of horseradish peroxidase (HRP) applied either by stomach tube or
by injection into the distal ileum. To exclude a toxic effect of the HRP on
the mucosal epithelium, resorptive-physiological investigations were performed
by the methods of in vivo-perfusion-recirculation and in vitro-accumulation
of L-phenylalanine.

Table 1. Number (n=79) of animals

(NMRI mice and Wistar rats) Exposure HRP (0.5%) Saline (0.9%)
at different exposure intervals times
(1 min to 3 h) min Per Per Per Per
injec- stomach injec- stomach
tionem  tube tionem  tube
1 5 2
5 3 2
10 3 2 3
15 3 2
20 3
30 3 2 2
60 3 1 2
90 3 2 2
120 3 1 2
150 3 1 2
180 3 7 2 7

W
W

16 21 7
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Methods

Experiments concerning HRP! resorption were carried out with a total of 79 NMRI mice and
Wistar rats. HRP was applied according to the injection method described by Owen (1977). In
addition, a slight deviation from his method was by the use of a stomach tube (Table 1).

Fig. 1a, b. Epithelium over the dome of a lymphoid follicle from a control specimen ileal Peyer’s
patch of a mouse. Tuft cells (7): well developed microvillus (mv) with a deep-seated network
of core-filaments (—). Between these core-filaments, a well developed cytocavitary system is visible
(). Multivesicular bodies (¥). Brush border cells (BC) and M cell (M) are seen in association
with tuft cells. Intraepithelial lymphocytes (L). x 7,000

1 HRP, type VI, Sigma Chemical Co., St. Louis, Mo., USA
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Before application of HRP the animals were starved for 12-24 h. During this time they received
water ad libitum. The animals were laparotomised under ether and nembutal narcosis (0.06 mg/g
body weight). 0.1 ml of a 0.5% HRP solution (HRP in 0.9% saline) were injected into the intestinal
lumen proximal to the ileo-caecal valve in the area of the first Peyer’s patches. Normal controls
received 0.1 ml 0.9% saline without HRP. An intraluminal fixation was begun after variable exposure
times (Table 1). Fixative: 2.4% glutaraldehyde and 0.8% paraformaldehyde in 0.08 M phosphate
buffer (pH 7.4).

Segments of the ileum containing Peyer’s patches, regional lymph nodes and segments of
liver tissue were removed and placed into the fixative. Segments of the gut were cut longitudinally
and pinned flat in a Petri dish. After 1 h, the Peyer’s patches were cut into tissue strips and
were again placed in fresh fixative. After 3.5 of fixation at room temperature, the specimens
were washed twice in 0.1 M phosphate buffer (pH 7.4). Tissue strips were then incubated for
15 min in 0.02% 3,3'-diaminobenzidine tetrachloride (DAB)? in 0.05 M tris-HCI buffer, pH 7.6.
After that specimens were again incubated in fresh DAB solution containing, in addition, 0.01%
H,0,. The incubation period lasted 3-6 min at 37° C, excluding all illumination (Graham and
Karnovsky 1966; Malmgren and Olsson 1977). Following that specimens were washed twice in
0.1 M phosphate buffer (pH 7.4) and postfixed for 1h in Caulfield’s OsO, (Caulfield 1957). The
tissue strips were then dehydrated through graded alcohols at room temperature and embedded
in Epon 812. The cutting of 1 p-thin sections stained with toluidine blue for light microscopy,
made it possible to select representative slices for electron microscopy. Thin-sections were cut
with a diamond knife on a Reichert OM U2 ultramicrotome. All sections were investigated with

Fig. 2. Two tuft cells (7) with microvillous tuft, core-filaments (—), cytocavitary system (p) and
multivesicular bodies (¥). Between tuft cells ordinary brush border cells (BC). HRP within the
gut lumen, 10 min after injection. HRP resorption is not seen. x 7,750

2 DAB, Polysciences, Inc., Warrington, Pa., USA
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Fig. 3. Epithelium over the dome of a lymphoid follicle from a mouse ileal Peyer’s patch. M
cell (M) with irregular apical membraneous folds (|) and basally located nucleus is situated between
brush border cells (BC). Numerous intraepithelial lymphocytes (L). HRP located within the interstice
(=). M cells, like brush border cells, rest on the basement membrane (€)). HRP specimen, 1 h.
% 6,000

a Zeiss EM 9A electron microscope, either without additional staining or, in some cases, after
staining with uranyl acetate and lead citrate.

To exclude HRP diffusion through the enterocytic epithelium caused by a toxic effect of
the tracer, 27 Wistar rats (14 experimental animals, 13 controls) were used for resorptive-physiologi-
cal experiments by the in vivo-perfusion-recirculation method (Menge et al. 1970) and the in vitro-
accumulation of L-phenylalanine (Robinson and Felber 1965).

Parallel tissue blocks from the same material were stained with ruthenium red and inspected
by electron microscopy as well. The ruthenium red dye was prepared according to the method
described by Luft (1971) and by Gebbers and Otto (1974).
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Fig. 5. M cells (M) with many intraepithelial lymphocytes (). Control specimen. x 7,230
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Fig. 6. Apical part of M cell (M) with associated lymphoid cells (L). Note the attenuated cytoplasm
of the M cells (between arrows) which bridges the surface between brush border cells (BC), forming
tight junctions together with them and producing a barrier between the lymphoid cells and the
intestinal lumen. Control specimen. x 8,050

Results

The epithelial layer of the mucosa consists of several structurally and functionally dissimilar cells
or cell systems (Otto 1978). Peyer’s patches and solitary follicles of the appendix and the small
intestine are covered by the so-called dome epithelium which contains numerous “membraneous”
cells (M cells) as well as cells referred to as “tuft” cells.

Tuft cells are enterocytic cells with very well developed microvilli which project far into the
gut lumen (Figs. 1, and 2). The surface of the microvilli is covered with the glycocalyx which
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Fig. 7. Brush border cells (BC) over the dome of a lymphoid follicle from a mouse ileal Peyer’s
patch with numerous intraepithelial lymphocytes (L). HRP specimen, 30 min. x 5,600. Inset. Epithe-
lial layer, so-called dome epithelium with numerous intraepithelial lymphocytes (). Semithin section,
toluidine blue. x 380

can be stained with HRP and ruthenium red. Inside the microvilli so-called “core” filaments
are developed, extending far into the basal cell areas down to the level of the nucleus. Between
these filaments there is a system of caveolae and tubules (Fig. 2). Tuft cells contain comparatively
few mitochondria. They contain so-called multivesicular bodies. Tuft cells are connected to bordering
enterocytes by tight junctions as well as desmosomes. They can also be detected in the vicinity
of M cells. Characteristic HRP resorption (as seen in the M cells) is not observed in tuft cells
(Fig. 2).

M cells have baso-apical differentiation (Fig. 3). They rest on the enterocytic
basement membrane which is often perforated. Instead of the usual brush border
they have irregular surface projections and vesiculations with heavy endocytotic
activity. Normal microvilli as well as core filaments and terminal web structures
are seldom seen (Fig. 4). A glycocalyx is not often visible. M cells contain
numerous mitochondria and a relatively well developed endoplasmic reticulum.
Most of their nuclei are comparatively large and located in the basal part
of the cell. They appear to be euchromatic, although chromatin condensations
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Fig. 8. Apical part of M cells (M) with intraepithelial lymphoid cells of distinctive differentiation.
Plasmacytic cell (P]) and lymphoid cell with cerebriform nucleus (C). HRP specimen, 10 min.
% 8,050

and larger nucleoli can often be found at the margin of these nuclei. Another
characteristic of M cells is that of forming a disordered network which closely
surrounds numerous (interepithelial) lymphocytes (Figs. 5 and 6). Lymphoid
cells which are situated within the dome area of the epithelial layer (Fig. 7)
are distinctly heteromorphic in their structure. Small lymphocytes are found
together with lymphoid round-cells with cerebriform nuclei, lymphoblastic trans-
formed cells and plasmacytoid cells (Fig. 8). Within this dome epithelium inter-
epithelial lymphocytes approach the intestinal lumen up to a distance of approxi-
mately 0.3 p but, remain separated from it by the cytoplasmic projections of
M cells (Fig. 6).

After an intraluminal HRP (or ruthenium red) application, either by injection
into the distal ileum or by use of a stomach tube, marked HRP (or ruthenium
red) resorption took place.



Fig. 9. Lymphoid follicle epithelium one h after application of HRP into the intestinal lumen.
M cells (M) and associated lymphocytes (L) with well developed interdigitations. Brush border
cells (BC). HRP reaction products are found within the intercellular space (—). Basement membrane
(@) HRP specimen, 1 h. x 6,200
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Five- and 10-min HRP Specimens. The applied HRP can be found in the area
of the glycocalyx of enterocytic brush border cells and also adhering to the
apical membrane folds of M cells and tuft cells (Figs. 4 and 10a). In some
M cells apical membrane invaginations and a few single HRP-positive vesicles
in the apical cytoplasm are observable. The lateral intercellular space does
not show any HRP reaction products.

20- and 30-min Specimens. These specimens showed numerous HRP-positive
vesicles within the apical cytoplasm of M cells (Fig. 10b). A peculiar membrane-
associated HRP activity could be observed. Homogeneous and granular stained
HRP-positive vesicles were comparatively rare. A significant reaction of the
intercellular space with the tracer could not be recorded. Even in close relation
to M cells, interepithelial lymphocytes remained free of HRP-positive reaction
products. Brush border cells and tuft cells did not show any HRP uptake.
In the deep-seated lymphatic tissue of solitary follicles and Peyer’s patches
HRP was also lacking.

One-Hour Specimens. Above all, HRP reaction products were detectable in the
M cell-lymphocyte intercellular space (Figs. 9 and 10c¢). HRP could often be
clearly detected within the intercellular space between brush border cells which
are situated in the vicinity of M cells. However, HRP-labelled endocytotoic
activity of these enterocytes was not recoreded. Between M cells and M cell
associated lymphocytes well developed membrane interdigitations exist. The
exterior cell membrane of the lymphocytes is clearly stained with HRP. Occa-
sionally lymphocytes show membrane invaginations and HRP-positive submem-
braneous vesicles (Figs. 10c and 14). The marginal area of perforations along
the basement membrane is often focally stained with HRP. Around these areas
lymphocytes and macrophages can frequently be observed. They are partially
located inside the epithelial layer as well as in the subepithelial layer near
the basement membrane. Some of the macrophages in one-hour specimens al-
ready showed HRP-positive vesicles in their intraepithelial projections. Continu-
al staining of the basement membrane or the subepithelial space together with
staining of lympho-reticular cells was not seen.

120-, 150- and 180-min Specimens. When compared with the HRP reaction
in the one-hour specimens these animals showed a nearly continuous reaction,

Fig. 10a-d. Sequential uptake of HRP after intestinal application. a Apical part of M cells, 10 min
after HRP application. Reaction products coat the short irregular microvilli. x5,600. b Apical
part of M cells, 30 min after HRP application. Reaction products fill many vesicles (—) within
the cytoplasm of the M cells. x8,250. ¢ M cells (M) and associated lymphocytes (L) after 1 h
exposure to HRP. HRP has been transported into the M cell-lymphocyte intercellular space (—)
as well as into the intercellular space to bordering columnar cells. Lymphocytes with HRP-positive
membrane invaginations (7). x 10,800. d Basal epithelium sector (EPI) with basement membrane
(B) and subepithelial lymphoid tissue. Reaction products are found in the basal intercellular space
of the epithelium, in the area of the basement membrane (B), as well as within the subepithelial
Ilymphoid tissue. They are located partially in the extracellular space (<), adhering to membranes
(4) or within subepithelial cells (¥). 120 min after introduction of HRP. x 8,400
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Fig. 11a—f. Light microscopy: Observations in Peyer’s patches after 2 and 3h HRP exposure.
a-d Positive HRP reaction along the brush border, within the M cell-lymphocyte intercellular
space (1), in the area of the so-called “dark cells” (), at the basement membrane and within
some subepithelial macrophages. x 380. e Germinal center with HRP-positive macrophages (—).
x 380. f Efferent lymphatics, the marginal area of a Peyer’s patch with vessel-associated HRP-positive
mononuclear cells (]). x 380. Semithin sections, toluidine blue

around the basement membrane, within the subepithelial extracellular space,
adhering to the surface of dendritic reticulum cells and inside macrophagocytic
cells of Peyer’s patches (Figs. 10d, 11 and 12). After 3-h exposure HRP-positive
macrophages were already very abundant within the germinal centers (Fig. 11¢).
They were found directly around or within efferent lymphatics (Fig. 11f). Fur-
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Fig. 12. Section of a lymphoid follicle from a mouse ileal Peyer’s patch, 2 h after HRP application.
Dissimilar electron-dense reaction products are found within macrophages (M, 1), sometimes also
extracellularily (A). Lymphocytes (L). Projections of dendritic reticulum cells (DRC). x 5,350

thermore, HRP-positive reaction products in these specimens are seen inside
the venous endothelium of intestinal vessels as well as in the Kupffer cells
of the liver (Fig. 13).

Control Specimens. Controls received saline solution without HRP. The controls were sacrificed
_according to the corresponding HRP exposure times. At 5, 10, 20, 30, 60, 120, 150, and 180 min
after application of saline solution the control specimens showed reaction products from endogenous
peroxidase in erythrocytes and leucocytes, but not in the glycocalyx or the epithelial cells. Control
specimens, fixed at variable intervals, differed only by a remarkable dilatation of the extracellular
spaces.

The experiments have shown that an undetermined amount of HRP passes
through the intestinal wall in the area of necrobiotic enterocytes. The cytoplasm
of these necrobiotic cells showed a diffuse staining. Remarkably, the basal
part of these necrobiotic cells was nearly always demarcated by interepithelial
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Fig. 13. HRP-positive Kupffer cells after 3 h HRP exposure. HRP reaction products are found
within the cytoplasm of the Kupffer cells (KC) and membrane-associated of sinus endothelium

(1. Erythrocytes (E). Hepatocytes (H). x 4,000. Inset. HRP-positive Kupffer cells. Semithin section
toluidine blue. x 380

lymphocytes (Fig. 14). These lymphocytes showed some small membrane invagi-
nations containing HRP-positive reaction products. While brush border cells
generally showed no HRP uptake, small HRP-positive vesicles are observable
within brush border cells adjacent to necrobiotic cells. All of these HRP related
observations and the deep invaginations between microvilli exemplify enterocytic
resorption of this tracer (Fig. 15).

Discussion

The available ultrastructural observations concerning HRP uptake by the intes-
tine show that the intestinal tract in the area of lymphofollicular aggregations
contains certain specialized enterocytes (Reviews: Parrott 1976a, b; Thiery 1978;
Asquith 1979). These are appearantly capable of selective resorption regarding
larger molecular and antigenic substances (Bockman and Cooper 1973; Owen
and Jones 1974a, b; Owen 1977; Walker and Isselbacher 1977; Ruchti et al.
1979, 1980). These cells enclose numerous lymphoid cells within their mem-
branes. Their luminal surface is folded irregularly and demonstrates a highly
developed endocytotic activity. Due to these special features they are referred
to as “microfold” or “membrancous” (M cells) (Owen and Jones 1974a, b;
Owen 1977). The origin of M cells remains undetermined, as well as the question
of whether their lysosomes participate in the digestion of resorbed antigenic



after application of HRP. The cytoplasm is diffusely stained with HRP reaction products. Within
the depth of necrobiotic brush border cells, lymphoid cells are located with partially HRP-positive
membrane invaginations (—). The bordering brush border cells (BC) are still intact. Reaction
products coat the microvilli and extend down into pits in the cell apex. Within the apical cytoplasm
of these brush border cells are some few HRP-positive vesicles (). . Inset. Dome epithelium
with necrobiotic “dark cells” (7). The basement membrane which is associated with “dark cells”
shows a positive HRP reaction. Semithin section, toluidine blue. x 380
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Fig. 15. Schematic synopsis of potential resorption paths of HRP across the intestinal epithelium.
Further transport of resorbed HRP via blood and lymph vessels, and processing of HRP within
the dome follicle epithelium of Peyer’s patches. Complied from our observations and following
literature: Cornell et al. (1971), Walker and Isselbacher (1974), Bockman and Stevens (1977), Owen
(1977), and Joel et al. (1978)
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Fig. 16. List of the results concerning the examination of a potential toxicity of intraluminal
applied HRP. P peroxidase exposed animals (n=14); C controls (saline exposed animals) (n=13).
Left: Accumulation rates for L-phenylalanine (in vitro-method by Robinson and Felber (1965)).
Right: Glucose and H,O resorption (in vivo-perfusion-recirculation-method by Menge et al. (1970)).
Both methods show that no statistically significant difference (z-test) between HRP exposed animals
and controls exist regarding the resoprtion activity
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material. In ultrastructural observations M cells do not appear to be a separate
cell type. M cells show few subcellular structures which are poorly developed
and are also characteristic of brush border cells (Owen 1977). Therefore, micro-
villous differentiations, core filaments and structures of the terminal web are
found as exceptions (see Fig. 4). These observations demonstrate functional
differentiation but do not demonstrate a separate histogenetic cell type (Leblond
and Cheng 1976). The absence of the glycocalyx over the M cell surface may
be related to their immaturity (Rao et al. 1972). It appears likely that M cells
are both structurally differentiated and quantitatively variant, depending on
the kind and duration of antigenic exposure. However, oral or parenteral applica-
tion of HRP, bovine serum albumin (Walker et al. 1972, 1973, 1974) or ferritin
(Bockman and Winborn 1966; Bockman and Cooper 1973) lead to a significant
decrease in the resorption of these tracers. This phenomenon indicates a locally
triggered reaction of the mucosa in respect to an active immunisation (Ruchti
et al. 1980). An energy-dependent uptake mechanism of macromolecules ob-
served by Lecce (1965) and Walker et al. (1972), and our ultrastructural findings,
confirm the theory that M cells are functionally differentiated brush border
cells.

Newborn mice and rats possess the ability to resorb intraluminally applied
macromolecules by pinocytosis in all brush border cells [proteins and colloidal
material: Clark (1959); ferritin: Graney (1968), Rodewald (1970), Shervey and
Gardner (1973); adenovirus: Worthinton and Graney (1973); lipid: Cornell
and Padykula (1969); carbon particles: Joel et al. (1978); HRP: Kraehenbuhl
and Campiche (1969), Lev and Orlic (1973), Orlic and Lev (1973), Rodewald
(1976), Kraehenbuhl et al. (1979)]. With termination of the suckling period
the brush border cells loose their absorptive capacity. The controlled antigen
uptake maintaining the immunological homeostasis of the organism appears
to occur in adults only in the area of the GALT; mainly in solitary follicles
and Peyer’s patches. These are bordered by M cells at the luminal surface
(Bockman and Cooper 1973; Owen 1977). In accordance with the observations
of Owen (1977) and Joel etal. (1978) our results show that in adult mice
and rats intraluminal applied HRP is resorbed nearly only by M cells.

The transepithelial passage of macromolecular particles takes place in a
sequential manner. In the beginning, HRP is resorbed by means of pinocytosis
in M cells and is then transported by vesicles. From the lateral cell membrane
these vesicles extrude HRP into the extracellular space. M cell associated inter-
epithelial lymphocytes as well as macrophages are responsible for a further
uptake of HRP. In macrophages phagocytosed material (HRP, carbon particles)
may persist for an extended period of time (Joel et al. 1978). Our results indicate
an additional extracellular transport of HRP from the M cell associated intercel-
lular space into the dome follicle area, with a possible adherence to dendritic
reticulum cells or potential phagocytosis of the tracer by subepithelial macro-
phages.

After a 3 h exposure time, HRP could be detected also within the Kupffer
cells of the liver. From these observations it can be postulated that the reticulo-
histiocytic compartement of the liver may also play a yet underestimated role
in the processing of intestinal absorbed substances.
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Table 2. In vitro-accumulation rates of L-phenylalanine

n HRP specimens (n=7) Control specimens (n=7)
1. 14.320 15.450
17.550 13.800
17.200 13.170
17.120 Xyrp, = 16.730 14.390 X, =14.344
17.460 14.910
2. 13.190 10.940
12.320 12.050
13.330 11.180
12.460 Xure,=12.810 12.000 Xec,=11.758
12.750 12.620
3. 16.600 14.150
18.690 14.370
16.840 14.430
16.830 Xure, = 16.940 14.940 Xc,=14.374
15.740 13.980
4. 11.790 15.790
13.020 15.590
12.950 15.080
12.640 Xure, =12.766 15.000 Xc,=15.530
13.430 16.190
5. 15.670 15.920
15.120 16.670
15.000 16.200
15.210 Xprp,=15.282 16.440 Xc,=15.888
15.410 14.210
6. 13.060 11.530
13.590 12.480
13.900 11.160
14.300 Xurps= 14.074 11.760 Xe,=11.778
15.520 11.960
7. 12.820 14.070
15.460 12.030
14.860 12.180
15.150 Xurp, = 14.616 12.450 Xc,=12.766
14.790 13.100
Xure = 14.745 Xc =13.777
smrp = 1.691 sc¢ =1.698

i-test: test statistic (£)=1.06905 < fractile (12, 0.075)=2.18 (statistically not significant)
Level of significance «=5%

In addition, our experiments show that HRP also passes through necrobiotic
enterocytes, and through areas of discontinuous epithelium (epithelial desquama-
tions). Necrobiotic enterocytes show a diffuse cytoplasmic HRP reaction (*‘dark
cells””). Similar dark staining of necrobiotic cells was noted by Cornell et al.
(1971) and by Owen (1977) with HRP, and by Boom et al. (1974) with ruthenium
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Table 3. Glucose and H,O resorption, in vivo-perfusion-recirculation-method

Glucose resorption Volume (H,0) resorption

HRP specimens Control specimens HRP specimens Control specimens
(n=T7) (n=6) (n=7) (n=6)

(umol/em gut xh) (wmol/cm gut xh) (ml/cm gut xh) (ml/cm gut xh)
2.52 3.46 0.037 0.055

3.35 3.93 0.062 0.109

6.51 3.85 0.102 0.084

2.14 5.39 0.064 0.077

3.81 4.52 0.102 0.053

2.38 3.94 xc=4.18 0.094 0.061 %:=0.073
6.23 Xppp=3.85 0.098 Xprp=0.080

t-test: test statistic (£)=0.60855 < fractile t-test: test statistic (£)=0.50582 < fractile
(t11;, 0.975)=2.20 (statistically not significant) (t11; 0.975)=2.20 (statistically not significant)
Level of significance a=5% Level of significance a=5%

red. The basal part of these cells was nearly always demarcated by interepithelial
lymphoid cells. The possible resorption pathways for the transport of macromo-
lecular particles through the epithelial layer are listed in Fig. 15.

The intestinal uptake of HRP has been studied under various experimental
conditions. The methods are much improved by a more physiological application
of HRP. The advantage of a free HRP distribution along the intestinal wall
is evident in comparison with earlier experiments using ligated loops of bowel
(Cornell et al. 1971; Rhodes and Karnovsky 1971; Bockman and Cooper 1973).
For this reason the intestinal injection method described by Owen (1977), was
expanded to include an application method using a stomach tube. Although
the injection method permits an exact recording schedule of the sequence of
HRP uptake, it leads to several traumata, such as narcosis, laparotomy and
mechanical manipulation of the gut with peristaltic irritation. In contrast, HRP
application with a stomach tube, a substantially more physiological method,
eliminates a potential artificial ““resorption path” (HRP diffusion via discontinu-
ities of traumatised epithelium). Nevertheless, an exact temporal correlation
of the sequential HRP uptake is impossible. In addition, potential retrograde
accumulation of HRP within the epithelia of the GALT can not always been
excluded (Straus 1958; Hampton and Rosario 1967; Nopajaroonsri et al. 1974;
Bockman and Stevens 1976).

HRP catalyses the reaction: 2H,0, »2H,0+40O,. Therefore, HRP could
potentially affect the energy metabolism of the intestinal mucosa. In high concen-
trations it may even cause structural damage to the enterocytes (see Owen
1977). To exclude HRP diffusion through the intestinal epithelium conditioned
by a toxic effect on the enterocytes, resorptive-physiological investigations were
performed: in vivo-perfusion-recriculation (Menge et al. 1970) and in vitro-
accumulation of L-phenylalanine (Robinson and Felber 1965). The results are
summarized in Table 2 and 3. Experiments using 0.5% HRP solution have
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shown that a statistically significant difference concerning resorbtive capacity
does not exist between saline-exposed and HRP-exposed animals (Fig. 16).
Therefore, an HRP diffusion through toxically altered enterocytic epithelium
can be excluded.

In the area of the dome epithelium a further cell type was recorded, observed frequently
in close association with M cells. This differs structurally from brush border cells and from M
cells (Figs. 1 and 2). The characteristic structural component of these cells is a very well developed
microvillous tuft (“‘tuft cells”) on the apical surface, extending far into the gut lumen (Isomiki
1973; Nabeyama and Leblond 1974). In contrast to M cells a close association with lymphocytes
does not exist. In spite of a distinctive cytocavitary system, no resorption of the applied HRP
could be observed at any time. The functional meaning of ““tuft cells’” remains unsettled.
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