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=Abstract=Fibricola seoulensis is a trematode of the human intestine inducing severe
atrophy of the villi. Human cases suffer from severe diarrhea, abdominal discomfort
and fever. The heavily infected mice died mainly because of dehydration and luminal
bleeding. The atrophic change of the intestinal mucosa is suspected to be related to
functional derangements. The present study intended to observe the changing activity
of the brush border membrane bound enzymes in the intestines of infected mice. Each
mouse was infected with 100 or 1000 metacercariae collected from snakes. The mice
were sacrificed chronologically after infection, and after praziquantel treatment. The
mucosa of their intestines (duodenum, proximal jejunum and distal jejunum) was collected and homogenized. The protein content and enzymatic activity of the homogenates
were measured. The activity of sucrase, lactase, trehalase, alkaline phosphatase and
leucine aminopeptidase in the intestinal mucosa increased just after infection and began
to decrease after 1 week to 32 days. Decreased activity recovered distinctively 20 days
after treatment. The activity of all the enzymes increased in the distal jejunum. In mice
infected with 1000 metacercariae, the activity changed in a similar pattern to those
with 100 metacercariae. The findings suggest that the infection of F. seoulensis disturbs
final digestion and absorption on the brush border membrane eventually causing osmotic diarrhea. Such effects were recovered after treatment with praziquantel.
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INTRODUCTION
Diplostomid flukes live in the intestines of car-
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nivorous mammals or rodents (Shoop 1989a). Human infection with these flukes in the adult stage
is known only by Fibricola seoulensis (Seo et al.
1982; Hong et al. 1984 & 1985) and F. cratera
(Shoop 1989b). A major source of human infection
of Fibricola is from eating raw snakes. The metacercariae locate mainly in the mesentery and perigastric soft tissue of snakes (Hong et al. 1982).
Through animal experiments, it has been proved
to cause severe mucosal atrophy such as shortening, widening and fusion of the villi, edema and

inflammation in the villous stroma of rats or mice
(Lee et al. 1985). Such changes began to appear
after 3 days and became obvious 1 week after
infection. Most of the heavily infected mice died
7 to 12 days after infection (Huh et al. 1988). The
main cause of death might be severe dehydration
and intestinal bleeding. These findings suggested
malabsorption in the infected hosts.
The brush border membrane of the small intestine contains various enzymes for digestion and
absorption on the membrane (Song et al. 1986).
In rats infected with Giardia larnblia, estimated activity of the secreted pancreatic and intestinal brush
border enzymes decreased (Sood et al. 1987).The
decreased activity of those enzymes was interpreted as the mechanism of steatorrhea.
The degenerative histopathological changes
caused by F. seoulensis must influence the activity
of the brush border membrane bound enzymes
in the small intestine. The present study was carried
out to observe the activity of some brush border
membrane-bound enzymes which hydrolyze disaccharide~,peptides and phosphate to reveal
any functional derangement in fibricoliasis. Also
changes during recovery after elimination of the
worms were observed.

MATERIALS AND METHODS
1. Chemicals used
Folin-ciocalteus phenol reagent and 4-nitrophenylphosphate were purchased from Merck. Deoxycholic acid, sodium salt, trichloroacetic acid, p-nitrophenol standard solution, ammonium sulfamate,
N-1-naphtyl ethylene diamine, sucrose, lactose, D
(+)-trehalose, glucose oxidase, peroxidase, o-dianisidine and L-leucine b-naphthylamide HCI were
purchased from Sigma Chemical Co., U.S.A.

2. Infection of the mice with F. seoulensis
The metacercariae of F. seoulensis were collected from the peptic digested debris of snakes,
Rabdophis tigrina tigrina. Each mouse of ICR strain
was orally introduced with 100 or 1000 metacercariae. The mice were bred in an animal room with
tap water and commercial animal diet ad libitum.
They were sacrificed according to the group after

infection, and after treatment with praziquantel suspension 10 mglkg. Each treated group was accompanied with non-infected control and infected
mice (Tables 1 & 2).
3. Tissue collection and pretreatment
The intestines of the experimental animals were
resected, and the segments of 5 cm length were
selected at the location of 1 cm (duodenum), 20
cm (proximal jejunum) and 70 cm (distal jejunum)
from the pylorus. The mucosa was scraped with
a slide glass on ice into 0.05 M mannitol 2 mM
Tris HCI buffer (pH 7.0). The scraped mucosa was
frozen at -70k until the biochemical analysis.
The mucosal samples were thawed in ice water
and homogenized with a Potter-Elvjem type homogenizer (Stir-R Model S63C Tri-R Instrument Inc.,
U.S.A.) in ice. CaCI2 (0.4 M) was added into the
homogenates to be diluted to 10 mM concentration, and sonicated for 15 seconds twice in ice
using an ultrasonic sonicator (Sonicator W-385,
Heat Systems-Ultrasonics Inc., U.S.A.).

4. Assay of protein content and activities of enzymes
The protein content was measured by spectrophotometry (UVNIS Spectrophotometer, HewlettPackard Co.) following the modified method of Lowry et al. (1951). Each sample was duplicately prepared for the activities of 5 enzymes; sucrase, lactase, trehalase, aminopeptidase and alkaline phosphatase. The mean activities of the two reactions
were used.
1) Disaccharidases (sucrase, lactase, trehalase)
activities
Three 0.056 M substrates of sucrose, lactose,
or trehalose in 0.1 M sodium maleate buffer (pH
6.0) were used for these enzymes. TGO solution
was prepared with 0.5 M TrisHCl (pH 7.0) 100 ml,
glucose oxidase 4 mg, peroxidase 0.5 mg and
o-dianisidine 10 mg. The mucosal homogenates
of 50 pl each were mixed with an equal volume
of the substrate buffer, and incubated for 30 minutes in a 3 7 t water bath. After this 1.5 ml of ice
cold TGO solution was added, and incubated again
at 3 7 k . The reaction was stopped by mixing the
solution with 0.75 ml of 50% H2S04 in an ice bath.

The absorbances were measured at 530 nm.
2) Aminopeptidase activities
1.3 mM leucine-P-naphthylamide HCI in 0.1 M
phosphate buffered saline was the substrate. Samples of 10 yl were mixed with the substrate solution
100 1.11 and incubated for 15 minutes at 3 7 t . The
reaction was terminated by adding 32% trichloroacetic acid, 0.3% NaN02,1.5% ammonium sulfamate,
N-I-naphthyl ethylene diamine, and stabilized for
30 minutes at room temperature. Absorbances
were measured at 560 nm.
3) Alkaline phosphatase activities
10 mM p-nitrophenyl phosphate dissolved in 200
1.11, 0.5 M NaHC03 (pH 10.0) 190 pl, 50 mM MgCL
and 10 mM ZnS04 50 yl was mixed with 10 p1
of the tissue homogenate, and incubated for 30
minutes at 3 7 t . The reaction was terminated by
adding ice cold 0.02 N NaOH 2.5 ml and stabilized
for 30 minutes at room temperature. The absorbance was checked at 400 nm.
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RESULTS
The enzyme activity was widely fluctuating according to the batch of mice or to individual mouse
within a group.
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1. Sucrase activity
The activities of sucrase in the 100 metacercaria
group were found as shown in Table 1. It decreased to 14.4 mu/mg protein nearly half that of the
control in the duodenum. Contrary to this, the activities increased just after infection for a week and
decreased 12 days after infection in the proximal
and distal jejunum. The activity in the jejunum recovered after 20 days from treatment, but not in the
duodenum. In the mice infected with 1000 metacercariae, the activity was lowered to almost one
third of the control all over the small intestine. However, the increase at the initial stage of infection
was not found in the proximal and distal jejunum.
The changing patterns are summarized in Fig. 1.
2. Trehalase activity
The trehalase activity in the duodenum of the
100 metacercariae group was much lessened after
infection compared to the control, 169.3 mu/mg
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Fig. 1. Changing pattern of sucrase activity in the
small intestine of mice infected with F seoulensis by duration of infection.
A: duodenum, 6: proximal jejunum, C: distal

jejunum
(a: Infected Group,

: Treated Group).

protein to 31 mulmg protein, after 12 days. In the
jejunum, it was significantly elevated at the first day
after infection, but began to decrease after one
week (Table 1). The activity after infection in the
1000 metacercariae group was increased at the
third day and decreased definitely 12 days after
infection. After treatment, the activity in the proximal
and distal jejunum of treated mice started to increase and became more than that of the infected
control at 20 days after treatment (Fig. 2).

3. Lactase activity
Lactase activity was low in the mouse intestines.
However, it decreased nearly one third after infection in the whole small intestine (Table 1). The activity recovered in the jejunum but not in the duodenum 20 days after treatment (Fig. 3).

4. Leucine aminopeptidase activity
Leucine aminopeptidase activity which hydrolyzes oligopeptides on the mucosal surface decreased significantly after infection in the duodenum,
but its activity was higher than that of the control
in the jejunum on the first day after infection and
was similar to that of the control after then up to
12 days. However, activity in infected mice was
much lower than that of the non-infected control.
It was almost normalized by treatment in the duodenum, proximal and distal jejunum after 20 days
(Table 2 & Fig. 4).

5. Alkaline phosphatase activity
The activity of alkaline phosphatase decreased
markedly in the duodenum after infection, but in-

Table 3. Mean activity of alkaline phosphatase in the brush border membrane of the small intestine of mice
infected with 100 metacercariae of F. seoulensis (unit: mulmg protein)
Study

Number

group

mice

control
PI 1
PI 3
PI 7
PI 12
PI 17
PT 5
PI 32
PT 20

10
10
10
10
10
10
10
10
10

Duodenum
Activity
1038.5
1475.2
757.6
1191.8
630.4
297.6*
279.4*
484.9*
737.4*

% change

100.0
142.1
73.0
114.8
60.7
28.7
26.9
46.7
71.0

Prox. jejunum
Activity

% change

262.5
394.9
323.0
372.5
291.2
275.2
165.9
263.8
257.4

100.0
150.4
123.0
141.9
110.9
104.8
63.2
100.5
98.1

Dist. jejunum
Activity

% change

428.9
740.8*
1057.8*
580.5*
518.1*
338.3
349.6
445.1
29 1.5

100.0
172.7
246.6
135.3
120.8
78.9
81.5
103.8
68.0

* Statistically significant as P ( 0.05 by Wilcoxon rank sum analysis.
Table 4. Changes of small intestinal brush border enzyme activity of mouse infected with 1000 metacercariae
of F. seoulensis, D: duodenum, PJ: proximal jejunum, DJ: distal jejunum, *: P ( 0.05, [ 1: number
of mice, Unit: mulmg protein
Sucrase
Control
PI 1
PI 3
PI 7
PI 12

31.3
C51
28.0
C5l
23.5
C5l
12.2
C51
10.4
C5l
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Fig. 2. Changing pattern of trehalase activity in the
small intestine of mice infected with F. seoulensis by duration of infection.
A: duodenum, B: proximal jejunum, C: distal
jejunum
: Treated Group).
( 0 : Infected Group,
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Fig. 3. Changing pattern of lactase activity in the
small intestine of mice infected with F. seoulensis by duration of infection.
A: duodenum, B: proximal jejunum, C: distal
jejunum
: Treated Group).
( 0: Infected Group,

creased in the jejunum for the first week after infection. Activity decreased 20 days after infection in
the ileum (Table 3). In mice infected with 1000 metacercariae, it was significantly decreased in the
duodenum and distal jejunum after 12 days, but
not in the proximal jejunum (Table 4). It had not
recovered 5 days after treatment but was almost
same as that of the control after 20 days (Fig. 5).
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Fig. 4. Changing pattern of leucine aminopeptidase

activity in the small intestine of mice infected
with F. seoulensis by duration of infection.
A: duodenum, 6: proximal jejunum, C: distal
jejunum
( 0 : Infected Group, 0 : Treated Group).

Brush border membrane bound enzymes in the
small intestine are important for final digestion of
nutrients before absorption. Disaccharidases, aminopeptidases, and phosphatases are the major
enzymes of this type (Newcomer and McGill 1966;
Nordstrom et al. 1967; Dahlqvist 1968; Bella et al.
1982). The activity of these enzymes is known to
be altered, especially diminished in some diseased
conditions (Andersen et al. 1983; Kim et al. 1986;
Sood et al. 1987).
The present results reveal that superficially locating enzymes, i.e. disaccharidases and aminopeptidases significantly lessen their activity in the duodenum after infection with F. seoulensis. The duodenum just distal to the pyloric ring is the major
parasitic location of the fluke (Hong 1982). Therefore, the duodenum should be the mainly affected
focus of any functional derangements made by
this fluke. Although the enzymes showed the least
activity in the duodenum among the sites of the
small intestine, the enzyme activity in the infected
duodenum was one half to one third that of the
control 12 days after infection. The same decreasing pattern was observed in 1000 metacercarial
infection.
In the proximal or distal jejunum, however, the
activity of disaccharidases and aminopeptidase
seems to increase on the first infection day and
to return to the control level after one week. Is
there any positive stimulation to enzyme activity
during initial settlement of the worms? Such a surge
in enzyme activity was not found in metagonimiasis
(Hong et al. 1991). The difference may originate
from different niches between the two flukes. The
initially elevated activity of the enzymes was also
noticed after gamma-irradiation in the small intes-
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'ig. 5. Changing pattern of alkaline phosphatase ac-

tivity in the small intestine of mice infected with
F. seoulensis by duration of infection.
A: duodenum, B: proximal jejunum, C: distal
jejunum
( 0 : Infected Group, 0 : Treated Group).

tine of rats (Becciolini et a/. 1982). However, most
of the enzymes were significantly less active than
those of the control 12 days or later after infection
as expected. The degree of diminished enzyme
activity was the same in both the 100 and 1000
metacercaria groups. Hong et a/. (1982) found that
the worms were located mainly in the duodenum
and the jejunum showed an almost normal configuration when infected with a 100 metacercarial burden. Therefore, any functional disorder in the duodenum can be compensated in the jejunum or
ileum in the lightly infected host. The unexpected
decrease of activity in the lightly infected jejunum
may be an extending effect of atrophic changes
on the duodenal mucosa. But they also showed
almost the same changing pattern in the mice infected with 1000 metacercariae which was a
great enough burden to spread into the jejunum.
The decrease in enzyme activity can suggest
two explanations. One is an outcome made by
immature enterocytes on atrophied villi and a diminished mucosal surface area. The other plausibility
is that any material from the worms may play a
role in inhibiting enzyme activity in the jejunum as
well as in the duodenum. The second view needs
further evaluation.
The mucosal epithelial cells in the small intestine
are normally rapidly regenerating (Eastwood 1977).
The atrophic change of the mucosa in metagonimiasis, which is the most widely prevalent trematodiasis in Korea, was interpreted as a result of more
destruction of the cells by penetration of the crypt
layer than the regenerating capability (Kang et al.
1983). Decreasing activity of the brush border enzymes in fibricoliasis looks related to the histopathological changes of the mucosa. The changes were
first noted minimally 3 days after infection (Lee et
a/. 1985). The changes became obviously atrophic
at the first week, and progressed further up to one
month. The increased enzyme activity on the first
and third day after infection was lowered to that
of the control group one week after infection. Thereafter, activity began to diminish significantly, and
was lowest 12 days after infection. As a whole,
enzyme activity followed atrophic change of the
villi. The time lag between the 2 changes may be
influenced by the initial increase in activity.

When the enzyme activity of the control mice
was compared according to the location, it was
highest in the proximal jejunum. Therefore, the proximal jejunum may be the most active site of the
enzymes and must harbour enough buffer reserve
against any inhibitory stimulus. However, F. seoulensis infection suppressed the activity of the enzymes in the whole small intestine for one month
after infection. Also alkaline phosphatase which locates deeply on the brush border membrane lost
up to half its activity. This fluke may have powerful
inhibitory effects on all kinds of brush border enzymes. By sectional morphologies, the tribocytic organ of the fluke is a glandular one secreting some
kinds of enzymes (Seo 1989). The organ can invade the villous stroma beneath the epithelial layer
(Lee et al. 1985). The invasion must be boosted
by any secretion from the organ. The relation between the secretion of the worm and the activity
of brush border membrane enzymes of the host
should be evaluated.
The enzyme activity was not recovered to the
control level on the fifth day after treatment. It was
almost normalized 20 days from treatment regardless of the site in the intestine or the kind of enzymes. This decreased activity of brush border enzymes must be a reversible change in fibricoliasis
as is the histopathological change (Lee et a/. 1989).
The recovery of the two changes takes about 20
days after elimination of worms.
The present findings reveal that F. seoulensis
causes not only villous atrophy but also degenerative change of the brush border membrane in the
intestine of hosts. Ultrastructural change of the
membrane is also expected. In fibricoliasis, digestion of disaccharides or peptides may be affected,
and eventually absorption must be hindered to
make osmotic diarrhea.
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