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Differences in larvicidal activity of complement and chemiluminescent response of phagocytes in carp

(Cyprinus carpio), crucian carp (Carassius auratus) and false dace (Pseudorasbora parva) against
excysted metacercariae of Clonorchis sinensis were investigated. The prevalence of C. sinensis metacer-
cariae of false daces caught at Nakdong river (NR) was 100%. However, no C. sinensis metacercariae
were found in false daces, which were collected at a reservoir in Chinyoung (CY), crucian carps and
carps. The sera of false dace, which were intensively infected with C. sinensis metacercariae, killed
excysted metacercariae of C. sinensis more readily than that of carp. However, the serum obtained from
C. sinensis metacercariae-free false dace showed the lowest larvicidal ability. The larvicidal ability of
sera collected from each fish species completely disappeared when the complement was inactivated by
heating. When supematant of excysted metacercariac homogenate were added to phagocytes of each spe-
cies, the chemiluminescent responses were significantly (p<0.05) diminished in false dace and carp. The
inhibition ratio of chemiluminescent responses by the supernatant was 22.9% in false dace, 9.6% in cru-
cian carp and 12.4% in carp.
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Introduction

Clonorchiasis is a representative freshwater fish-
mediated human helminthiasis in Korea. Clonorchis
sinensis shows a low degree of specificity for the
fish host, and approximately 36 species of freshwa-
ter fish were found to serve as second intermediate
hosts in Korea (Rim, 1990). Among them, false
dace (Pseudorasvora parva) is known as the repre-
sentative host for C. sinensis.

The host specificity of a parasite can be deter-
mined in part by the protecting ability of the host
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against invading parasites. Bower and Woo (1977)
have shown that Cryptobia catostomi infecting an
atypical host was lysed by stimulating host’s com-
plement cascade. A similar mechanism has been
demonstrated in Trypanosoma salmositica, also
(Wehnert and Woo, 1980). Fisher er al. (1982)
reported that the chemiluminescent response of gran-
ulocytes against Nematospiroide dubius in Lewis rat
(resistant to the infection of N. dubius) was consid-
erably higher than that in Nmri rat (susceptible to
the infection of N. dubius).

Although there are many reports concerning wor-
micidal effect of skin mucus on C. sinensis cercariae
in various freshwater fish species (Chun, 1964;
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Rhee, 1974; Rhee et al., 1979, 1980a,b, 1982, 1983,
1984a,b), little is known about the reactions of com-
plement and phagocytes of fish against C. sinensis
metacercariae.

In the present study, therefore, differences in lar-
vicidal activity of complement and chemilu- mine-
scent response of phagocytes in carp (Cyprinus
carpio), crucian carp (Carassius auratus) and false
dace (Pseudorasbora parva) against excysted meta-
cercariae of Clonorchis sinensis were investigated.

Materials and Methods

Fish

False daces and crucian carps were collected
using a small trawl or bait traps from the lower
reaches of Nakdong river (NR) and a reservoir in
Chinyoung (CY), Kyoungsangnam-do in Korea.
Carps were obtained from the fish farm in Pukyong
National University of Korea. Collected fish were
transported to the laboratory in live state, and ran-
domly sampled 10 fish of each species were exam-
ined for the presence of C. sinensis metacercariae.
Collection and excystation of C. sinensis
metacercariae

C. sinensis metacercariac were collected using
digestion method with artificial gastric juice. The
collected metacercariac were excysted by immersing
in artificial intestinal juice, and the excysted meta-
cercariac were washed three times in sterile 0.85%
NaCl.

Homogenization of excysted metacercariae
Three-thousand excysted metacercariae in 3 m/
Hank’s balanced salt solution (HBSS) on ice were
homogenized using ultrasonic processor. The homo-
genate was centrifuged at 500 g at 4°C for 30 min,
and the supematant was filter sterilised (0.4 tm).

larvicidal effects of serum complement
Fish were anaesthetized with benzocaine and bled
from the caudal vein using a sterile 1 ml syringe.

Blood was allowed to clot at 22°C, stored overnight
at 4°C, then centrifuged at 1000g for 5 min. To
each well of a microtitre plate was added fresh
serum of each fish species and 20 excysted metacer-
cariage. The parasite mortality was assessed on the
basis of responsiveness to stimulation.

The inactivation of serum complement activity
was accomplished by heating at 47°C for 30 min,
and larvicidal effect of this complement-inactivated
serum of each fish species was assessed as above.

Chemiluminescent (CL)
kidney phagocytes

Isolation of head kidney phagocytes. Head kid-
neys were removed aseptically from each fish spe-
cies and passed through a 100 um nylon mesh using
HBSS containing heparin (10 units/m/, Sigma), pen-
icillin (100 ug/m/ Sigma) and streptomycin (100 U/
ml, Sigma). The resulting cell suspension was
placed on a 34/51% Percoll density gradient and
centrifuged at 400 g for 30 min at 4°C. The inter-
phase was collected and the cells were washed twice
at 400 g for 5min in HBSS containing heparin and
antibiotics. The cell viability was examined with try-
pan blue exclusion and was evaluated to be greater
than 95%. The phagocytes, including neutrophils
and macrophages, were adjusted to 3.0 X 10° cells/ml
HBSS in all fish species.

Opsonization of zymosan. To exclude influence
of the species-specific complement factors in CL
assay, serum of tilapia (Oreochromis niloticus) cul-
tured in the fish farm of Pukyong National Univer-
sity was used as an opsonin of zymosan. Blood
samples were collected with syringes from the cau-
dal vein of the tilapia, and serum was separated by
centrifugation. Zymosan (Sigma) was mixed with
the fresh serum and incubated at 30°C for 30 min.
Zymosan was separated from the serum by centrifu-
gation, washed three times and suspended in HBSS.

CL assay. The ROlIs(reactive oxygen intermedi-
ates) produced by stimulated phagocytes were quan-
tified using an automatic photoluminometer (Bio-
Orbit 1251, Finland). Each test cuvette (4 m{) con-

response of head
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tained 0.7 m/ luminol(Sigma) made according to the
method of Scott and Klesius (1981), 0.2 m/ cell sus-
pension of each fish species, and 0.2m/ filtered
supernatant of excysted metacercariae homogenate
or 0.2 m/ HBSS as a control. The mixture was incu-
bated for 15min at 22°C. Then, 0.3 m/ opsonized
zymosan was added just prior to measurement. The
control blank cuvette contained only luminol, cells
and HBSS. The measurements were made for 100
minutes in triplicate and the light emission was
recorded as mV.

Statistical analysis
The CL data were analysed using the Student’s ¢
test to determine differences among fish species.

Results

Prevalence of C.
each fish species

The prevalence of C. sinensis metacercariae of
false daces caught at Nakdong river (NR) was
100%. However, no C. sinensis metacercariac were
found in false daces collected at a reservoir in Chin-
young (CY), crucian carps and carps.

sinensis metacercariae in

larvicidal effects of serum complement

The time required for complete killing of all
metacercariae by fresh serum was 5 min in false
dace caught at NR, 6 min in crucian carp, and 50
min in carp (Fig. 1). However, the serum of false
dace collected at CY(free from C. sinensis metacer-
cariae) required considerably more time (60 min) for
complete killing of all metacercariae than those of
false dace collected at NY and the other fish spe-
cies.

The larvicidal ability of sera collected from each
fish species completely disappeared when the com-
plement was inactivated by heating.

Chemiluminescent (CL) response of leucocytes
Head kidney leucocytes of carp and crucian carp
produced markedly higher CL responses than those
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Fig. 1. Cumulative = mortality (%) of excysted
metacercaria of Clonorchis sinensis by serum of carp,
crucian carp and false dace (hi, heavily infected; ui,
uninfected).
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Fig. 2. Effect of the homogenate of Clonorchis sinensis
metacercaria on the chemiluminescent response of
kidney phagocytes of carp, crucian carp and false dace.
Values are meantSE. (%, indicate statistical significance
at P<0.05).

of false dace in response to zymosan (Fig. 2). When
supematant of excysted metacercariac homogenate
was added to phagocytes of each species, the CL
responses were significantly (p<0.05) diminished in
false dace and carp (Fig. 2). The inhibition ratio of
CL responses by adding the supernatant was 22.9%
in false dace, 9.6% in crucian carp and 12.4% in

carp.
Discussion

The complement system of teleosts is activated
through the classical and alternative pathway as in
mammals (Iwama and Nakanishi, 1996). In the
present study, the heat-inactivated serum of all fish
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species had no larvicidal effect. This suggests that
the wormicidal activity of serum might be mediated
through activation of complement cascade. Although
the larvicidal ability of serum from NR false dace
infected with C. sinensis metacercariac was higher
than carp serum, the serum obtained from C. sinen-
sis metacercariae-free CY false dace showed the
lowest larvicidal activity. This result suggests that
false dace may produce antibody againt C. sinensis,
and the serum complement collected from false dace
infected with C. sinensis metacercariac might be
activated not only alternative but also classical path-
way. Relatively little information is available con-
cerning specific immune responses of fish to
metacercarial infections. Cottrell (1977) demon-
strated that plaice (Pleuronectes platessa) produced
specific antibody to metacercariae of Cryptocotyle
lingua. Rainbow trout (Salmo gairdneri) could pro-
duce antibody against sonicated metacercariae of the
eye fluke, Diplostomum spathaceum, injected intrap-
eritoneally (Bortz et al., 1984). Wood and Matthews
(1987) found that grey mullet (Chelon labrosus) pro-
duced specific antibody in response to C. lingua,
also.

Granulocytes and macrophages possess a phago-
cytic activity, which is the initial step in the immune
response in fish, and is the major line of defence for
all foreign material, including pathogenic agents
(Olivier er al., 1986). During phagocytosis, fish
macrophages increase their oxygen consumption as
well as the production of reactive oxygen intermedi-
ates (ROIs) (Chung and Secombes, 1988) such as
the superoxide (O,), hydrogen peroxide (H;0.), and
the hydroxyl radical (OH). These ROIs play an
important role in the anti-pathogenic activity of
phagocytic cells (Allen et al., 1972; Babior, 1984).
On the other hand, parasites excrete various sub-
stances to evade the host’s immune responses. For
example, Echino-
excretes some substances, which inhibit the activa-
tion of macrophages (Robinson and Arme, 1986).
Moreover, parasites excrete various enzymes includ-

coccus granulosus in mouse

ing superoxide dismutase, catalase, glutathione per-

oxidase to prevent damages by ROIs and to
neutralize ROIs (Callahan er al, 1988). In the
present study, the CL responses of all fish species
were diminished when supematant of C. sinensis
excysted metacercariac homogenate was added in
assays. From this fact, it can be conjectured that C.
sinensis has some substances which can inhibit acti-
vation of fish leucocytes or can neutralize ROIs pro-
duced by respiratory burst of phagocytes. The
diminished ratio of CL response by adding C. sinen-
sis was greater in false dace than in carp and cru-
cian carp, and this suggests that the coping ability of
false dace leucocytes against invasion of C. sinensis
may be lower than that of carp and crucian carp.
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