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Abstract

Holman J.: Absorption of the Horse-radish Peroxidase in the Small Intestine
of Chicken. Acta vet. Brno, 47, 1978: 3—6.

Localization of the horse-radish peroxidase was studied in the epithelium and
stroma of the small intestinal villi in the chick aged 37 days. The enzyme (molecular
weight 40.000) was iniected into the ligated jejunal loop. Its enteral absorption was
shown to proceed via the senescent ent.racytes.

After the 3- and 5-minute long exposure the enzyme occurred in the epithelial
terminal web and in the cytoplasm of senescent enterocytes. After the 10- and
20-minute long exposure the enzyme was shown in the vicinity of the basement
membrane of the epithelium and near the blood vessels of the villous stroma. After
the 30-minute exposure the horse-radish peroxidase was found in the intercellular
spaces at the tips of the intestinal villi.

Small intestine, senescent enterocyte, macromolecular transport.

Horse-radish peroxidase is an important labelling material employed in research of transport
of high-molecular substances. The enzyme can be visualized by both light and electron microscope
and its amount can be quantitatively determined also in extremely small concentrations.

Besides the well-known enzymatic digestion of food macromolecules, e. g. proteins, prior to
their absorption by the small intestinal mucosa there is some evidence to indicate that through
the adult intestinal wall small and nutritionally unimportant amounts of intact molecules can
pass (Alexander et al. 1936; Danforth and Moore 1959). In other biochemical experiments
free transfer of intravenously injected or endogenous proteins through the intestinal mucosa was
observed (Wettefors et al. 1960; Campbell et al. 1961; Ghettie et al. 1967).

All experiments studying the absorption of horse-radish peroxidase by the intestinal mucosa
have been made on mammals (rats, mice) and evaluated by both the light and electron microscope.
Hugon and Borgers (1968) and Hugon (1971) at i. v. or i. p. injection of peroxidase found
the labelling substance to diffusely stain the cytoplasm of some absorptive cells. The other absorp-
tive cells of the villous epithelium and of the crypts accumulated peroxidase in their apical parts.
Cornell et al. (1971) found that after the intraluminal injection of peroxidase into the ligated
jejunal or ileal segment of an adult rat the exogenous macromolecule can be transported into
the intestinal absorptive cell by its typical vacuolar system and it can be transferred by these
cells into the intercellular space of the lamina propria mucosae. The intestinal epithelial cells with.
diffusely staining cytoplasm are eonsidered to be senescent enterocytes. Ono (1975) electron-
microscopically localized the exogenous peroxidase after its intraluminal application in the small
intestinal epithelium of rats during their postnatal development.

The aim of the present work was to find the absorption sites of the exogenous protein
(horse-radish peroxidase) in the jejunum of the chicken.

Materials and Methods

In the experiment White Leghorn chickens aged 37 days were employed. After a 24-hour long
fast, through an incision the jejunal loop near the Meckel’s diverticulum was exteriorized and
ligated at two places. Under low pressure the horse-radish peroxidase (molecular weight 40.000)
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1.11.1.7 — Serva, Heidelberg, was injected into the ligated jejunal loop at the dose of 1 mg in
0.5 ml saline. The ligated intestinal segment was returned into the body cavity and the incision
was sutured. The intestinal wall samples were collected 3, 5, 10, 20 and 30 minutes after the peroxid-
ase injection.

Small pieces of intestinal tissue were fixed in 3 9 glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.3) for 2 hours at 4 °C. The samples were washed overnight in 0.1 M cacodylate buffer
with 4.8 %, saccharose and incubated in the medium by Graham and Karnovsky (1966)
for 30 minutes. After a short washing in the same buffer the samples were embedded in paraffin.
The peroxidase reaction was evaluated on the counterstained paraffin sections, and on those
stained with hematoxylin before mounting into the canadian balsam.

The control sections were obtained from tissue incubated in the incomplete medium and also
from birds which had their ligated intestinal loop injected with saline. Samples from these chickens
were incubated in the complete medium.

Results

After the 3- and 5-minute exposure of the ligated jejunal loop to the
intestinal contents with 1 mg exogenous peroxidase the enzyme was localized
in the cuticular rim of the tips of jejunal villi and in the cytoplasm of senescent
enterocytes (Plate I, Fig. 1).

After the 10-minute exposure the enzyme reached deeper into the epithelium
and it was found near the basement membrane and blood capillaries of the villous
stroma. The senescent enterocytes were filled with exogenous peroxidase. The
apical portion of these cells stained usually more intensively than their basal part
(Plate I, Fig. 2).

After the 20-minute exposure of the ligated jejunal loop to the exogenous
peroxidase high activity of the enzyme was found in the vicinity of and in the
wall of the blood capillaries at the villous tips (Plate II, Fig. 3).

After the 30-minute exposure the enzyme was present in the cytoplasm
of senescent enterocytes, in the vicinity of and in the wall of blood capillaries
in the stroma of the villous tips (Plate II, Fig. 4). In addition, it was found in the
epithelial intercellular space.

Discussion

The exogenous peroxidase applied into the contents of the ligated intestinal
loop at the dose of 1 mg is not absorbed by the active enterocytes of chicken
intestinal villi as clearly evidenced by the present work. The enzyme enters the
intestinal epithelium and villous stroma exclusively through the senescent entero-
cytes. The majority of similar previous experiments made on mammals showed
the enterocytes to absorb the intraluminally applied exogenous peroxidase. Cor-
nell et al. (1971) found the exogenous peroxidase injected into the ligated jejunal
and ileal loops at a dose of 5 mg to be absorbed within 5 minutes into the micro-
villi, vacuolar system of enterocytes and intracellular spaces. Similar results in
weaned and adult rats were obtained by Ono (1975) after the application of 20 mg
exogenous peroxidase. The author collected samples from the ligated intestinal
loops at 30, 60, 120 and 180 minutes. Presence of the exogenous peroxidase in
the dense bodies of enterocytes was shown after the i. v. injection of peroxidase
to mice (Hugon and Borgers 1968). Peroxidase was present in the terminal
web and in the deep invaginations of the apical membrane of enterocytes also
after peroral administration of 9 mg of the enzyme to 10-day-old mice (Hugon
1971). Authors of the two last-mentioned papers draw attention to the fact that
the peroxidase given i. v. and p. o. stains diffusely some cells in the intestinal
epithelium and it rapidly diffuses into the intercellular space.
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The differences in absorption of the exogenous peroxidase between the birds
and mammals can be explained by species specifities. Evidence of different ab-
sorption rate of exogenous protein and colloidal substance in the individual small
intestinal segments in suckling rats and mice was brought by Clark (1959).
In the present experiment the exclusive absorption of horse-radish peroxidase
by the senescent enterocytes might have been caused by the low dose (1 mg)
of the enzyme. This amount was probably quickly absorbed by the senescent
enterocytes at the tips of the jejunal villi so that the active and functional entero-
cytes received no material to absorb. The senescent cells absorb readily the
exogenous horse-radish peroxidase as evidenced by several authors (Hugon
and Borgers 1968; Hugon 1971; Cornell etal. 1971). The plasma membrane
of these cells is probably changed already in early stages of senescence (Potten
and Allen 1977) or its integrity is impaired (Holman 1975).

Resorpce kienové peroxidasy tenkym stievem kufete

Po aplikaci 1 mg peroxidasy z kienu do ligované kli¢ky jejuna 37 dni starého
kufete byla histochemicky studovdna lokalizace enzymu v epitelu a stromatu
stfevnich klkd.

Peroxidasa z kfenu (molekuldrni vdha 40 000) byla enterdlné vstfebavina
prostrednictvim stirnoucich enterocyti.

Jiz po 3—5min. exposici byl enzym lokalizovin v kutikulovém lemu epitelu
a v cytoplasmé stdrnoucich enterocytd. Po 10—20 min. exposici byl enzym pro-
kéazan v blizkosti basilni membrany epitelu a v blizkosti krevnich kapildr stromati
klkd. Po 30 min. exposici se enzym shromazdoval v mezibunéénych prostorech
epitelu vrcholu stéevnich klku.

Pesopbuusa mepokcuaassl XpeHa TOHKOH KHIIKOM LIbIIEHKA

ITocie mpumeHeHHs 1 Mr HmepoKCHZasbl U3 XpeHa B IEPEBA3aHHYIO IETJIO TO-
nreif KMIIKK LBIIIEHKa B Bo3pacTe 37 IHell NMpPOBOAMJIOCH TMCTOXMMHYECKOE U3Y-
YeHUEe HAJUYUSA SH3MMA B SNUTEIUU U CTPOME KHUIIEUHBIX BOPCHHOK.

Ilepokcupmasa u3 xpeHa (monekyasapbiii Bec 40.000) sHTepambHO paccach-
BaJIaCh IIOCPEACTBOM CTApEIOIIUX SHTEPOLIUTOB.

Yxe mocie SKCIIO3UIIUKM HPOAOKHUTENBHOCTHIO 3—5 MuH 9H3UM 6bL1 Ompe-
IcleH B KYTHKYJBHOM KaeMKe SIHNTEJHs U B LUTOIIA3Me CTAPEIOIUX SHTEPO-
nutoB. Ilocne skcmosmuum 10—20 MuUHYT sH3UM ObLI BBHIABAEH NOGJIH30CTH
6asanbHON MeMOpaHBI SIHUTENUs U HENANIEKO KPOBEHOCHBIX KANMJLIAD CTPOMBL
BOpcHHOK. Ilociie 3KCIIOSMIIMM NPOROKUTENBHOCTHI0 30 MHUHYT SH3UM HAaKOI-
JAJNCA B MEKKJIETOYHBIX IIPDOCTPAHCTBAX ONUTENUs BEPIUMHBI KHUUIEYHBIX BOP-
CHHOK.
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