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the histopathology and activities of brush border membrane

bound enzymes in the rat small intestine

Jae-Ran YU™, Sung-Tae HONG?, Jong-Yil CHAI® and Soon-Hyung LEE?

Department of Parasitologyl), College of Medicine, Konkuk University, Chungju 380-701, Department of

Parasitology and Institute of Endemic Diseases?, Seoul National University College of Medicine,

Seoul 110-799, Korea

Abstract: Neodiplostomum seoulensis, one of the human intestinal trematodes, was
reinfected to albino rats, and worm recovery rates, histopathology and activity changes of
the intestinal brush border membrane bound enzymes were observed. The experimental
groups were three; uninfected, primary infection and reinfection. The worm recovery rate
in the reinfection group was much lower than in the primary infection group 14 days after
infection. The duodenal histopathology showed villous atrophy during the first and second
week in the primary infection group. In the reinfection group, however, villous changes
occurred as early as 3 days after the infection, and the lesion was found healed 7 days
after infection. The activities of alkaline phosphatase and sucrase in the duodenum of
primary infection rats decreased nearly half of the controls 2 weeks after infection, whereas
the activities were unchanged in the reinfection group. However, no changes in the
activities were observed in the proximal jejunum between the experimental groups. These
findings suggested that a secondary infection of N. seoulensis in rats should make less
damage on the intestinal mucosa than a primary infection.

Key words: Neodiplostomum seoulensis, albino rats, reinfection, worm recovery,

histopathology, brush border membrane bound enzymes

INTRODUCTION

In a histopathological study on the small
intestine of mice and rats infected with
Neodiplostormum seoulensis (Seo, Rim and Lee,
1964) Hong and Shoop, 1994, degenerative
changes of villi and hyperplasia of crypts
sustained over 2 weeks after infection (Lee et
al., 1985). Because these morphological
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changes were basically reversible, they were
recovered by 2 or 3 weeks after infection,
although very heavily infected mice died of
intestinal bleeding and malabsorption in 2
weeks after infection (Lee et al., 1989; Huh et
al., 1988). Gushima (1939) demonstrated that
repeated infection of rats or mice with
Metagonimus could evoke a stronger host
resistance. According to Kang et al. (1983),
reinfection of dogs with M. yokogatvai induced
lower worm recovery rates, lower intestinal site
migration of parasites and faster recovery of
the small intestinal pathology. Although the
host intestinal tissue is recovered histo-
pathologically, it is still uncertain whether the
mucosa is recovered functionally or not.



To understand the correlation between
morphological changes and functional
derangements of the small intestine, the
activity of brush border membrane bound
enzyme is a useful index. It is known that the
brush border membrane bound enzymes are
on the surface of the brush border of the
enteroepithelial cells. The enzymes are
disaccharidases (sucrase, maltase, lactase,
trehalase), peptidases (aminopeptidase N,
dipeptidyl aminopeptidase IV, r-glutamyl
transpeptidase) and alkaline phosphatase
(Andersen et al., 1983; Song et al., 1986; Raul
et al., 1988). They are engaged in the process
of the last digestion before absorption. Their
activities are the highest in the upper and
middle jejunum (Asp et al., 1975).

The first human infection case with N.
seoulensis suffered from severe gastro-
intestinal symptoms (Seo et al., 1982). He was

in acute phase of a primary infection. However, -

further cases showed no recognizable
symptoms probably due to chronic or repeated
infection (Hong et al., 1984 & 1986). In order
to understand this difference better, we
observed both morphological and functional
changes in the small intestine of rats primary
or reinfected with N. seoulensis.

MATERIALS AND METHODS

1. Experimental infection of rats with
N. seoulensis

Sprague-Dawley rats were purchased from
the animal colony of Seoul National University.
They were treated with praziquantel,
mebendazole and metronidazole during
adaptation period of a week. Metacercariae of
N. seoulensis were collected after artificial

digestion of snakes (Rhabdophis tigrina), which
had been captured nearby Chinju, Kyong-
sangnam-do.

The rats were divided into three groups such
as uninfected control, primary infection group,
and secondary infection (reinfection) group.
For the primary infection group, 500
metacercariae were infected per rat and for the
reinfection group, primary infection rats were
treated with praziquantel after 2 weeks. They
were reinfected with the same amount of
metacercariae at 3 weeks after the treatment.
The rats were sacrificed 3, 7 and 14 days after
primary and reinfection. Fifteen rats per group
were used for worm recovery and 6 rats per
group for histopathological observation.
Enzyme activity were compared 14 days after
infection only and used 10 rats per group (Fig.
1).

2. Worm recovery from the rats
The small intestines of the rats were resected
and the lumen was opened and dipped in
0.85% cold physiologic saline for 2 hrs. The
isolated worms were collected and counted.

3. Histopathological observation

Two rats per each group were used for
pathological examination. Two segments of the
small intestine, one 5 cm distal from pylorus
and the other 10 cm distal from Treitz
ligament, were fixed in 10% neutral formalin.
The tissues were dehydrated by successive
changes of alcohols, cleared in xylene,
embedded in paraffin, and sectioned in 4 um
thickness. After stain with hematoxylin and
eosin, the sections were examined with light
microscope.
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Fig. 1. Flow chart of the experimental design. ®: measurement of enzyme activities, ®: recovery of adult

worms, (): observation of histopathology



4. Enzyme activity assay

1) Tissue preparation: The duodenum (from
the pylorus to the Treitz ligament) and
proximal jejunum (proximal one-third of the
small intestine from the Treitz ligament to the
ileo-cecal junction) of 10 rats per group were
removed. The mucosal layer of the removed
segments was collected by scraping with a
slide glass on the ice chamber. The scraped
tissues were homogenized for 1 minute by a
teflon homogenizer (Model S63C, Tri-R
instruments, Inc., NY) in 30 vol. of 0.05 M
mannitol-2 mM Tris HCI buffer (pH 7.0). The
concentration of CaCl, of the homogenate was
made 10 mM by adding 0.4 M CaCl,. The
mucosal homogenate was sonicated by a
sonicator (®Model W-380, Heatsystem-
Ultrasonics, INC, NY) for 30 seconds.

2) Alkaline phosphatase: Alkaline
phosphatase activity was assayed ﬁsing pP-
nitrophenol phosphate as substrate at pH 10.
0. The reaction mixture containing 190 mM
NaHCOg, 4 mM substrate, 5 mM MgCl,, 1 mM
ZnSO, and 10 ul of preparated mucosa was
incubated for 30 min. at 37°C. The reaction
was stopped by adding 2.5 ml of 0.02 N NaOH,
and absorbance was measured at 400 nm with
a spectrophotometer (Uvikon spectrophoto-
meter, Kontron Instruments, Zirich).

3) Disaccharidases: The activities of sucrase
and maltase were measured. The 0.056 M
substrate buffer solution was made by mixing
of 0.1 M sodium maleate buffer, pH 6.0, and
the disaccharides. TGO (tris glucose oxidase O-
dianisidine reagent) solution was made with
100 ml of 0.5 M Tris HC1 buffer (pH 7.0), 4 mg
of glucose oxidase, 0.5 mg of peroxidase, and
100 mg of o-dianisidine. This solution was
stabilized for 3 days at 4°C before use. The
substrate buffer solution, 50 ul, and the same
volume of mucosal homogenates were mixed
and incubated for 30 min. at 37°C to hydrolyse
substrate. Then for color reaction, 1.5 ml of
TGO solution was added. After 30 min.
incubation at 37°C, 0.75 ml of 50% HyS0, was
added to stop the reaction. The absorbance
was measured at 530 nm.

4) Enzyme activity units: The one unit of
enzyme activity corresponded to the hydrolytic
activity of 1 umol substrate per minute at

37°C. Protein was measured by the modified
method of Lowry et al. (1951).

RESULTS

1. Worm recovery rate
The worm recovery rates of reinfection group
were lower than the primary infection group.
The highest recovery rate was observed at 7
days in both primary infection and reinfection
groups. The percentage of recovery rates were
shown in Fig. 2.

2. Histopathological findings (Table 1)

1) Duodenum: In the uninfected group, the
villus/crypt (V/C) height ratio was 3:1 and a
few inflammatory cell, mainly plasma cells,
were infiltrated in stroma. In the primary
infection group, villous changes such as tip
blunting, shortening and fusion and increased
number of goblet cells appeared from 1 week
after infection. But these findings were
observed from 3 days in the reinfection group.
After 14 days, the V/C ratio was decreased in
primary infection group, but increased in the
reinfection group.

2) Jejunum: The distinct morphological
changes of the villi were not observed in all the

70

10+ ,+
G 1 1 1 1 1 1 J. 1, i ] 1 1 1 1
01 2 3 46 6 7 88101121314 15
Days
—— Infected  ~+ - Reinfected

Fig. 2. Recovery rates of N. seoulensis from the
experimentally infected rats.



Table 1. Histopathological findings of the small intestine in rats infected with N. seoulensis

Findings by rat groups
Histopathological Primary infection Reinfection
lesion Control
3D 7D 14D 3D 7D 14D
d/j d/j d/j d/j d/j d/j d/
Villous changes
shortening -/- -/- +/- +/— +/= +/- +/-
blunting /- -/+ +/+ +/+ +/+ +/+ +/-
fusion -/- ~/+ +/- +/- +/- +/- +/-
eplthelial erosion -/~ +/- +/- +/- +/- +/~ +/~
epithelial compression -/- +/- +/- +/- +/- +/- +/—
goblet cell -/ iy T /- T/- /7 /7 /-
Stromal changes
edema -/- -/+ +/+ +/+ -/+ +/+ +/+
vascular congestion —-/- -/~ +/— +/+ +/+ +/+ +/+
cell infiltration - +/+ +/+ +/+ +/+ +/+ +/= +/+
Subrnucosal layer
vascular congestion -/- +/+ +/+ +/+ +/+ +/+ +/+
cell infiltration -/- /% +/- +/+ +/x +/- +/-
V/C ratio 3:1/3:1  3:1/3:1 2.5:1/3:1 1:2/3:1 1.5:1/2.5:11.5:1/3:1 2:1/3:1

~: disappear; +: appear; T: increase; D: days; d: duodenum,; j: jejunum

infected groups. But the number of goblet cells
was increased only in the reinfection group
after 3 days of infection, and it became same
with that of uninfected control at 2 weeks. The
inflarmmatory cells in the stroma were mostly
plasma cells in the primary infection group,
whereas they were eosinophils in the
reinfection group. The V/C ratio was not much
different from the control group in all the
infected ones.

3. Changes of the enzyme activity
(Table 2)

1) Alkaline phosphatase: The enzyme
activity of the duodenum was higher than that
of jejunum in control group. In duodenum, the
activity of primary infection group decreased
as 52.5% (P < 0.01) as that of the control
group. Whereas, there was no significant
difference between reinfection and control
groups. In jejunum, the changes of activities
were not observed between groups.

2) Sucrase: The enzyme activity was not
much different according to the intestinal

location in the control group. In the
duodenum, the activity of primary infection
group decreased as 61.2% (P « 0.01) as that of
the control group. On the other hand, the
activity of reinfection group increased as 157%
(P < 0.01) as that of the control group. In the
jejunum, the activity of reinfection group
increased as 126.7% (P < 0.01).

3) Maltase: No significant enzy.me activity
changes were observed between groups and
locations of the small intestine.

DISCUSSION

In the dog reinfected with Metagonimus
yokogawali, decreased worm recovery rate,
milder villous change and moving to the distal
intestine of the pathological lesion were
observed (Kang et al., 1983). In the present
study. the worm recovery rates of reinfection
group were lower than that of the primary
infection group. Especially at 2 weeks after
reinfection, the worm recovery rate was
markedly decreased than that of the primary



Table 2. Mean enzyme activities in the brush border of small intestine of rats infected with N. seoulensis

(unit: mu/mg protein)

Locations

Activities (% change) by group

Enzymes
Control 12

Primaty Control IIb) Reinfection

infection

Duodenum Alk. phosphatase 1849.7 + 447.8

971.5 = 350.1 (52.5%) 1671.5 +371.6

1618.3 = 221.9 (96.8)

Sucrase 32.7x17.6 18.5 + 6.9 (61.29) 25.8 + 6.4 40.5 + 5.5 (157.09)
Maltase 192.9 +27.2 172.7 £ 19.7 (89.5) 160.7 £ 15.5 168.8 + 28.7 (105.0)
Jejunum  Alk. phosphatase  996.8 + 324.5 902.4 = 183.1 (90.5) 1125.7 £287.0 1271.5 143.2 (112.9)
Sucrase 38.1+84 41.1 £ 10.3 (107.9) 43.8+6.5 55.5 = 6.6 (126.79)
Maltase 188.6 + 24.2 174.8 £18.8 (92.7) 151.8 = 17.1 159.4 + 19.8 (105.0)

aControl I: control for primary infection group. P)Control II: control for reinfection group. 9p < 0.01.

infection. Probably it was related with the “self-
cure” phenomenon suggested by Stoll in 1929,
The phenomenon could be related with the
mucosal defense by actions of intraepithelial
lymphocytes, macrophages, mast cells, T-cells,
and goblet cells. The stimulated macrophages,
mast cells and T-cells by combined parasite Ag
and specific Ab secreted goblet cell stimulating
factor (prostaglandins, proteinases), so
increased mucus secretion by increased goblet
cells, that the immune expulsion of intestinal
helminth, for example, Nippostrongylus
brasiliensis was achieved (Tse & Chadee,
1991). In case of protozoa, the mucous layer
formed on the surface of the mucosal epithelial
cells inhibited the contact of Entamoeba
histolytica and Giardia lamblia to the mucosal
epithelial cells, and made mucosal penetration
of those parasites impossible (Chadee et al.,
1988). In the present study, probably the
earlier increase and wide spreading in the
small intestine of goblet cells were related with
the antibody stimuli produced with the
primary infection. Thus the worm expulsion in
the reinfection group occurred earlier.

The villous changes by pathological
examination were nonspecific findings which
could be seen in other intestinal trematode
infections such as M. yokogawai and
Echinostoma hortense (Chai, 1979; Lee et al.,
1990). But in N. seoulensis reinfection, these
findings appeared earl‘ier in the duodenum.
V/C ratio increased more in the reinfection
group at 2 weeks after infection. Probably the
earlier process of pathological healing was due
to the earlier worm expulsion, because the

mechanical stimuli by the worm and the
localized cell mediated immune reaction could
be responsible for the histopathological
changes of the duodenum. By the experiment
of Ferguson and Jarrett (1975), when N.
brasiliensis was infected to athymic albino
rats, the infection period was maintained
longer and the pathological lesion of the small
intestine was hardly formed. Thus T-cell
mediated hypersensitive reaction was
suggested to be related to the villous and crypt
changes (Ferguson and Jarrett, 1975).

The activities of sucrase, trehalase and
alkaline phosphatase of the mouse small
intestine infected with N. seoulensis changed
markedly at the duodenum and upper jejunum
(Lee et al., 1991). These activities were lowest
at 12 days after infection when the pathologic
lesion of the small intestine appeared most
intensively (Lee et al, 1985; Lee et al, 1991).
Therefore we compared the enzyme activities
only at 2 weeks after infection between the
primary infection and reinfection groups. The
activities of disaccharidases and alkaline
phosphatase in N. seoulensis infected mouse
duodenum decreased as half of the uninfected
control group from 7 to 32 days after infection
(Lee et al,, 1991). In the present study, the
enzyme activities in the duodenum of the
reinfection group were recovered at 2 weeks
after infection. Increased epithelial cells which
had normal enzyme activities due to
morphological recovery might be one of the
reasons. On the contrary, it was hard to
explain the fact that sucrase activity of the
duodenum in the reinfection group increased
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more than in the uninfected control group. The
finding of the decreased enzyme activities in
the primary infected group was also related
with the mucosal degenerative changes of the
small intestine. In other words, loss of the
brush border membrane and the increased
population of immature cells due to increased
desquamation on the mucosal surface by
mechanical stimulation of worms would be
resulted in decreased enzyme activities in the
primary infection group. However, the
degenerative changes of the mucosa only could
not explain all of the decreased enzyme
activities, because in case of G. lamblia
infection, disaccharidase activities decreased
without morphological changes of the small
intestine (Burret et al., 1990). It was suggested
that the decreased enzyme activities could
inhibit the last stage of nutrient digestion in
the small intestine, and consequently, osmotic
diarrhea would be induced.

In the first human case of N. seoulensis, the
patient suffered from acute gastrointestinal
symptoms and fever from 5 days after
ingestion of the viscera of the snakes (Seo et
al., 1982). Among the fifteen cases of field
survey or ten cases of soldiers of Korean Army,
however, no one had clinical manifestations
(Hong et al., 1984 & 1986). It was thought that
the former was a typical case of acute primary
infection and the latter typical cases of chronic
repeated infection, because the latter cases ate
the snake or frog muscle several times which
had small amount of metacercariae (Hong et
al., 1986). The faster worm expulsion, recovery
of intestinal morphology and the enzyme
activities as observed in this study could partly
explain the chronic asymptomatic patients
encounted in the field (Hong et al, 1984 &
1986).
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