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The present study was carried out to evaluate effects of dietary vitamin C levels on infectivity of
Opisthorchis viverrini metacercaria in silver barb (Barbonymus gonionotus). The Experiment | was
conducted under laboratory conditions to examine susceptibility of different ages of B. gonionotus to
infection with O. viverrini cercaria. Five groups (2, 5, 15, 30, and 50-day-old fish) exposed to 50 O.
viverrini cercariae per fish for 24 h. The 100% of O. viverrini infection rate was achieved in all age-
groups of fish. However, the highest intensity of the infection (12.90+0.52 metacercariae/fish) and the
highest metacercarial recovery (25.80%) were observed in the group of age 50-day-old fish. For the
Experiment I, 50-day-old B. gonionotus was conducted under laboratory conditions to investigate effects
of different dietary vitamin C levels on disease resistance against O. viverrini. Five levels of vitamin C (0
as a control group, 500, 1,000, 1,500 and 2,000 mg per kg of diet) were used to prepare diets. Fish from
each group were randomly sampled after 0, 3, 7 and 14 days post-feeding (30 fish at each sampling
time) in order to be exposed to 50 O. viverrini cercariae per fish for 24 h. Challenged fish in a group fed
diet supplemented with 2,000 mg/kg vitamin C for 14 days showed no infection and were O. viverrini-
negative by histopathological examination. In contrast, 100% O. viverrini infection rate occurred all
sampling time of the control group and 0 day sampling time of fish fed the dietary vitamin C
supplementation. In addition, fish fed the diet supplemented with 2,000 mg/kg vitamin C for 14 days had
1.6 folds higher levels of SOD activity than those of the control group at the same sampling time. This
study clearly indicated that B. gonionotus fed the diet supplemented with 2,000 mg vitamin C/kg of diet
for 14 days were able to resist O. viverrini infection.
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INTRODUCTION

Opisthorchis viverrini, a liver fluke, is an
important public health problem and a major
cause of cholangiocarcinoma in the Greater

Mekong  Subregion including Lao PDR,
Cambodia, Vietnam and Thailand
(Jongsuksuntigul  and Imsomboon,  2003;

Sayasone et al., 2007; Dang et al., 2008; IARC,
2011; Donthaisong et al., 2014). Over 10 million

people are estimated to be infected by a liver
fluke, especially Northeast Thailand is a hotspot
for O. viverrini high transmission (Sripa and
Echaubard, 2017). The O. viverrini infection in
humans caused by consumption of
local/traditional dishes, such as Koi pla, Pla-som,
Jom Planoi and Pla-ra, which are favorite meals of
rural people. Those dishes are generally made
from fermented, raw and partially cooked cyprinid
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fish which is containing O. viverrini metacercariae
(Harinasuta and Harinasuta, 1984; Grundy-Warr
et al.,, 2012). The life cycle of O. viverrini is
complex; for example, the bithynia snails and the
cyprinid fish, are considered as the first and
second intermediate hosts, respectively; and cats,
dogs, and humans become as the final hosts
(Sithithaworn and Haswell-Elkins, 2003; Upatham
and Viyanant, 2003). The infection rate of
O.viverrini in cyprinid fish shows high variation
(Rim et al., 2008; Manivong et al., 2009; Touch et
al., 2013). Likewise, the susceptibility to infection

depends on several factors including
physiological, mechanical, nutritional,
immunological defenses and survival after
infection.

Barbonymus gonionotus (Silver barb) is an
economically important fish species of freshwater
aquaculture, commonly consumed in Thailand,
Lao PDR and Cambodia. The naturally infection
rate of O. viverrini in B. gonionotus was low
(0.95%) (Sukontason et al., 1999); however, the
infection rate in laboratory conditions was high
(100%) (Donthaisong et al., 2014). Previously
published studies on infectivity of O. viverrini
metacercariae in B. gonionotus reported that the
old age-groups (e.g. 45-49, 50-54, 55-59 and 60-
64 days) of B. gonionotus had high infection rates
of O. viverrini and found that fish immune
responses related to damage of cyst walls of
metacercariae resulting in failing in development
into adult metacercariae (Donthaisong et al.,
2014; 2016).

Vitamin C, L-ascorbic acid (AA), does not only
influences growth performance, reproduction,
response to stressful factors, feed utilization and
wound healing but also has an ability to be an
immunomodulatory vitamin promoting the immune
system in fish, especially non-specific immunity. In
fish, the dietary vitamin C supplementation can
boost immunity by enhancing several non-specific
immune parameters, such as respiratory burst
(also called oxidative burst) (Verlhac et al., 1998;
Ortufio et al., 2001; Kumari and Sahoo, 2005; Lin
and Shiau, 2005; Tewary and Patra, 2008; Leal et
al.,, 2017), phagocytic activity (Tewary and Patra,
2008), lysozyme activity and bactericidal activity
(Lin and Shiau, 2005; Ren et al., 2007; Verlhac et
al., 1998; Dawood et al., 2016). Respiratory burst
activity of phagocytic cells of the non-specific
immune response in fish produces many kinds of
chemicals to eliminate parasites or antigens.
Superoxide dismutase (SOD), one of the main
antioxidant enzymes, catalyzes the dismutation of
the superoxide anion into molecular oxygen and

hydrogen peroxide (H202) (Fridovich, 1989). SOD
involves in defense defense and/or destruction of
parasites in fish and hosts through toxic
compounds, namely hypochlorous acid (HOCI).
Therefore, the infectivity of fish or hosts is related
to the immunity levels including levels of SOD
expression. However, information on the vitamin
C to protect or resist the O. viverrini infection in B.
gonionotus is not available.

The objectives of the present study were to
investigate the susceptibility of different ages of B.
gonionotus to infection with O. viverrini cercaria,
and the effective levels of dietary vitamin C
supplementation on disease resistance of B.
gonionotus against O. viverrini infection.

MATERIALS AND METHODS

The experimental protocols and animals were
reviewed and approved by the Institutional Animal
Care and Use Committee of Khon Kaen
University, based on the Ethic of Animal
Experimentation of National Council Research of
Thailand (record No. IACUC-KKU-14/61 and
reference No. 0514.1.75/7).

Experimental animals

Freshwater snails, Bithynia  siamensis
goniomphalos, were collected by a scoop net and
by hand from the agricultural areas where
endemic infection of Opisthorchis viverrini is
present in Khon Kaen Province, Thailand. The
shails were transported to the laboratory of Food-
Borne Parasite Research Group, Department of
Parasitology, Faculty of Medicine, Khon Kaen
University. Snails were identified by using
morphological characteristics according to Pace
(1973) and Brandt (1974). Newly shed cercariae
were used in this study. Briefly, snails were placed
individually in plastic cups (diameter = 3 cm and
height = 2.5 cm) contained 10 ml dechlorinated
tap-water. The O. viverrini cercariae were
released from snails into the water by using
cercarial shedding method (induced by exposure
to electric light (40 W) for 2-3 h). The morphology
of cercariae were identified under a compound
microscope based on Wykoff et al. (1965), Schell
(1970) and Frandsen and Christensen (1984).
The cercariae indentification was confirmed by
polymerase chain reaction (PCR) analysis using
species-specific primers, OV-6F (5-CTG AAT
CTC TCG TTT GTT CA-3) and OV-6R (5-GTT
CCA GGT GAG TCT CTC TA-3)
(Wongratanacheewin et al., 2001).

Parasite-free B. gonionotus fry and fingerlings
were obtained from the hatchery of Department of
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Fisheries, Faculty of Agriculture, Khon Kaen
University. This experiment was conducted in the
laboratory of Food-Borne Parasite Research
Group. Fish were acclimatized in a 500-L
fiberglass tank contained dechlorinated tap-water
and equipped aeration. After yolk-sac completely
disappeared, fish (4-15 days old) were fed 4 times
daily to satiation with a commercial powdered
feed (KT020, Krungthai Food Public Company
Limited, Thailand). For 16-50 days old, fish were
fed 3 times daily to satiation with a commercial
pelleted feed (Hi-grade 9961, Charoen Pokphand
Foods Public Company Limited, Thailand) before
being transferred for experiments. The water
temperature was maintained within a range from
28 to 30°C and pH values were within a range
from 7.5 to 8.0 with over 5 mg/L of dissolved
oxygen. Levels of nitrite and unionized ammonia
nitrogens were monitored throughout the
experiment to ensure that the concentrations did
not exceed 0.1 and 0.25 mg/l, respectively. Prior
to the experiments, fish were randomly sampled
and verified to be O. viverrini-free by PCR assay.

Experiment I: Susceptibility of different ages
of B. gonionotus to infection with cercarial O.
viverrini.

A total of 150 O. viverrini-free fish were
transferred into fifteen 32-L aquaria (10
fish/aquarium) contained dechlorinated tap-water
and equipped aeration, and reared under
laboratory conditions. The experiment designedly
consisted of five treatments with three replicates.
Fish were divided into five groups according to the
morphology reported by Termvidchakorn and
Hortle (2013) and Basak et al. (2014) into 5 age-
groups of 2, 5, 15, 30 and 50 days after hatching
and were exposed to 50 O. viverrini cercariae per
fish under the conditions of 100 ml dechlorinated
tap-water in plastic cups (diameter = 14 cm in and
height = 5 cm) for the groups of age 2, 5 and 15
days of fish; and 500 ml dechlorinated tap-water
in plastic cups (diameter = 24 cm and height = 10
cm) for the groups of age 30 and 50 days of fish
at room temperature (25+3°C) as described by
Donthaisong et al. (2014). After 24 h of exposure,
all fish were euthanized by immersion in an ice
water bath at 4°C to examine O. viverrini infection
by hand-compressed between two slides. The
number of O. viverrini metacercariae in fish was
counted under a light microscope (40
magnification), and recorded as the infectivity of
O. viverrini metacercariae in fish.

Experiment Il: Effects of dietary vitamin C
supplementation on O. viverrini infection in B.
gonionotus fingerlings.

Based on the result of the susceptibility of
different ages of B. gonionotus to infection with O.
viverrini cercaria in Experiment |. A total of one
thousand two hundred O. viverrini-free fish (50-
day-old fish and average body length was
2.54+0.05 cm) were randomly distributed into forty
32-L aquaria (30 fish/aquarium). Five treatments
(Five levels of dietary vitamin C supplementation
were 0, 500, 1,000, 1,500 and 2,000 mg per kg of
diet) were used. Fish in Treatment 1 were fed a
commercial diet (Hi-grade, Charoen Pokphand
Foods Public Company, Thailand) used as a
control group (without supplementary vitamin C).
Fish in the other four groups were fed with
commercial diet containing graded levels of
vitamin C (98% L-ascorbic acid, Aq & G Tech Co.,
Ltd.) as 500, 1,000, 1,500 and 2,000 mg per kg of
diet, respectively. The feed used in present study
contained 40% crude protein and 8% lipid. Fish
from each treatment group were randomly
sampled after 0, 3, 7 and 14 days post-feeding
(30 fish at each sampling time) in order to be
exposed to 50 O. viverrini cercariae per fish under
the conditions of 500 ml dechlorinated tap-water
in plastic cups (diameter = 24 cm and height = 10
cm) at room temperature (25+3°C) for 24 h. After
exposure to O. viverrini cercariae, all fish were
examined for O. viverrini infection using the same
procedure as Experiment I. The number of O.
viverrini metacercariae was counted, and
recorded infectivity of O. viverrini metacercariae in
the fish under a light microscope (40
magnification) to calculate infection rate of fish,
intensity of infection and percentages of
metacercarial recovery. The other 30 fish from
each treatment group were randomly sampled to
evaluate the superoxide dismutase (SOD) activity,
and histopathological examination.

Superoxide dismutase (SOD) activity

At the end of O. viverrini-immersion challenge
for 24 h in Experiment Il, ten B. gonionotus
fingerlings were randomly selected from each
dietary vitamin C group. In brief, an individual fish
was explored and rinsed with phosphate buffer
saline (PBS). The whole body was homogenized
with 3-5 ml of cold 0.1M Tris/HCI, pH 7.4
containing 0.5% Triton X-100, 5mM 2-mercapto
ethanol (B-ME), 0.1 mg/ml phenylmethylsulfonyl
fluoride (PMSF). Homogenized tissue was
centrifuged at 14,000g for 5 min at 4°C. The
supernatant was collected to be measured the
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superoxide dismutase (SOD) activity using a
Superoxide Dismutase Activity Assay kit
(Colorimetric) (ab65354; Abcam). The SOD
activity was measured at 450 nm using microplate
reader (Sunrise-Basic Tecan, Grodig, Austria). A
unit of the enzyme is generally defined as the
amount of enzyme that inhibits the reaction by
50%. The activity was expressed as units per
gram fresh weight (U/g FW).

Histopathology

Challenged fish (10 fish in each group) in
Experiment Il were euthanized by immersion in an
ice water bath at 4°C. The scarified fish were
preserved in 10% neutral buffered formalin for 24
h and decalcified by decalcification solution (0.5 M
AICIz3.6H20, 2.6 M HCI, 1.325 M formic acid) for 4
to 5 h. Specimens were processed for
histopathological examination as previously
described in Humason (1979) and stained with
hematoxylin and eosin (H&E). Histopathological

changes were examined under a compound
microscope. Infections were considered positive
when samples showed histopathological features
including fibrous tissue formation or encapsulated
metacercaria of O. viverrini.

RESULTS

Cercariae released from Bithynia siamensis
goniomphalos by using cercarial shedding method
in this study were O. viverrini identified by
morphological classification. In Figure 1, O.
viverrini have a tobacco-pipe form when briefly
hanged head down or laid on the bottom, a pair of
eye-spots and long tail with fin on both lateral
sides (Wykoff et al., 1965; Arunsan et al., 2014;
Donthaisong et al., 2014). Besides, they were
confirmed by PCR with O. viverrini-specific
according to Wongratanacheewin et al., (2001).
The result showed O. viverrini-specific amplified
DNA band of 330 base pairs (bp) (Figure 2).

100 pm

Figure 1. The feature of O. viverrini cercaria collected from the snail (bar = 100 pm).
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Figure 2. Cercarial O. viverrini were confirmed by using specific polymerase chain reaction (PCR)
primers of producing 330 bp. M: 100 bp DNA ladder; Lane P: positive control (adult of O. viverrini);
Lane N: negative control; and Lanes 1-5: PCR amplified products with DNA template sample
extracted from cercariae released from snail into the water by using cercarial shedding method.

Experiment I: Susceptibility of different ages
of B. gonionotus to infection with cercarial O.
viverrini.

Percentage of infected fish, intensity of
infection and percentage of metacercarial
recovery are shown in Table 1. All fish in five age-
groups (2, 5, 15, 30 and 50-day-old fish) were O.
viverrini infection, representing infection rate of
100% after exposed to O. viverrini cercariae for 24
h. The intensity of the infection (average number
of metacercariae per fish) in groups of 2, 5 and
15-day-old fish in range of 2.2+0.26 to 3.66+1.58
metacercariae/fish which increased to 9.60+1.37
metacercariae/fish in age-group of 30-day old fish.
The highest intensity of the infection was
12.90+0.52 metacercariaelfish observed in age-
group of 50-day old fish. The percentage of
metacercarial recovery was found in range from
440 to 25.80% (approximately 66 to 387
metacecariae of 1,500 cercariae infection dose).
The lowest level of metacercarial recovery
(4.40%) was found in 5-day age group of fish. On
the other hand, the highest level of metacercarial
recovery was 25.80% which was found in 50-day
age group of fish.

Experiment II: Effects of dietary vitamin C
supplementation on O. viverrini infection in B.
gonionotus fingerlings.

After 24 h of the exposure to O. viverrini
cercariae, experimental fish were observed in
percentage of infected fish, intensity of infection
and percentage of metacercarial recovery (Table
2 to 4). The infection of O. viverrini was found in
all groups of fish fed the experimental diets for O,
3, 7 and 14 days except in the group of fish fed
2,000 mg/kg vitamin C for 14 days that showed no
infection (Table 2). The percentage of infected fish
in control group showed 100% in all sampling time
(0, 3, 7 and 14 days). Nevertheless, the other
groups of fish fed the dietary vitamin C
supplementation showed 100% of infected fish in
only 0 day of sampling time (Table 2). The
intensity of the infection in Table 3 ranged from 0
to 1.30 metacercariae/fish in groups of fish fed the
diets supplemented with vitamin C for 3, 7 and 14
days. For the control group, the intensity of the
infecton  ranged from 7.13 to 7.33
metacercariae/fish, and in groups of fish fed the
experimental diets for 0 day ranged from 7.26 to
7.56 metacercariae/fish. The percentage of
metacercarial recovery (Table 4) in groups of fish
fed the experimental diets for 0, 3, 7 and 14 days
varied from 0 to 15%.
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Table 1. Infectivity of O. viverrini metacercariae in each age-group of B. gonionotus. Data are

expressed as mean * SD (n=30).

_ Percentage of Intgnsity_of the Percentage_of
Age of fish (days) infected fish (%) infection metacercarial
(metacercariaeffish) recovery (%)

2 100 3.66+1.58 7.33

5 100 2.20+0.26 4.40

15 100 3.03+0.47 6.06

30 100 9.60+1.37 19.20

50 100 12.90+0.52 25.80

Table 2. Percentage of O. viverrini infection in B. gonionotus (n = 30) fed the diets supplemented
with different levels of vitamin C.

Number of day of Level of vitamin C (mg/kg)
vitamin C administration 0 500 1,000 1,500 2,000
0 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
3 100.00% 63.33% 23.33% 10.00% 6.67%
7 100.00% 26.67% 13.33% 13.33% 3.33%
14 100.00% 23.33% 13.33% 10.00% 0.00%

Table 3. The intensity of O. viverrini infection

(metacercariae/fish) in B. gonionotus (n = 30) fed the

diets supplemented with different levels of vitamin C. Data are expressed as mean + SD.

Number of day of Level of vitamin C (mg/kg)
vitamin C administration 0 500 1,000 1,500 2,000
0 7.33+0.49 | 7.30+0.30 | 7.56+0.80 | 7.26+0.05 | 7.36+0.25
3 7.16+0.80 | 1.30+0.20 | 0.26+0.15 | 0.13+0.05 | 0.06+0.05
7 7.13+0.87 | 0.33+0.20 | 0.13+0.11 | 0.13#0.11 | 0.03+0.05
14 7.23£0.75 | 0.26+0.15 0.13+0.11 0.10+0.00 0.00+0.00

Table 4. Percentage of metacercarial recovery infected in B. gonionotus (n

supplemented with different levels of vitamin C.

= 30) fed the diets

Number of day of Level of vitamin C (mg/kg)
vitamin C administration 0 500 1,000 1,500 2,000
0 14.67% | 14.60% | 15.13% | 14.53% | 14.73%
3 14.33% 2.60% 0.53% 0.27% 0.13%
7 14.47% 0.67% 0.27% 0.27% 0.07%
14 14.47% 0.53% 0.27% 0.20% 0.00%

The lowest level of metacercarial recovery
(0%) was found in the group of fish fed 2,000
mg/kg vitamin C for 14 days. The highest level of
metacercarial recovery was observed in fish fed
1,000 mg/kg vitamin C for O day.

Fish fed with a commercial diet without
supplementary vitamin C (control group) had the
lowest levels of superoxide dismutase (SOD)
activity throughout the experiment. In contrast,
fish fed diet supplemented with 2,000 mg/kg
vitamin C for 14 days showed the highest level of
SOD  activity. Moreover, fish fed diet

supplemented with 2,000 mg/kg vitamin C showed
higher level of SOD activity than that of the groups
fed diets supplemented with 500, 1000, and 1,500
mg/kg vitamin C after 3, 7 and 14 days of
administration of vitamin C (Figure 3). In addition,
fish fed the diet supplemented with 2,000 mg/kg
vitamin C for 14 days (1,375+161.2 U/g FW) had
1.6 folds higher levels of SOD activity than those
of fish fed only with a commercial diet without
supplementary vitamin C (870+115.7 U/g FW) at
the same sampling time. Therefore, differences of
SOD defense response of fish were influenced by
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the supplement of vitamin C in diet.

Histological section of infected fish from the
groups fed the diets supplemented with 500,
1,000, 1,500 and 2,000 mg/kg vitamin C for 0, 3, 7
and 14 days after infection with O. viverrini
cercariae and control group were O.viverrini-
positive except fish from a group fed diet
supplemented with 2,000 mg/kg vitamin C for 14
days was O.viverrini-negative (no infection). O.
viverrini-infected fish  exhibited the chronic
inflammatory reactions including infiltration, and

fibrous tissue formation. However, fibrous tissues
observed in the groups of infected fish fed the
diets supplemented with vitamin C were enlarged
and formed thickly around metacercarial cysts
compared to that in the control group (Figure 4).
In addition, O. viverrini metacercariae in the
groups of infected fish fed the diets supplemented
with vitamin C for 14 days could not continue to
mature or develop throughout metacercariae
infective stage.

1600.00

__ 1400.00

2 1200.00

g’ 1000.00 —e—0 mg/kg

> 800.00 —8—-500 mg/kg

% 600.00 / —&—1,000 mg/kg

<nt 400.00 —>1,500 mg/kg

8 200.00 —8—2 000 mg/kg
0.00

0 3

7 14

Day (s) of B. gonionotus fed the diets supplemented with
vitamin C before challenge with cercarial O.viverrini for 24 h

Figure 3. Superoxide dismutase of B. gonionotus fed the diets supplemented with different levels
of vitamin C for 0, 3, 7 and 14 days before challenge with cercarial O. viverrini for 24 h.
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Figure 4. Photomicrographs of tissues from B. gonionotus fed the diets supplemented with (A)
500, (B) 1,000 and (C) 1,500 mg vitamin C/kg of diet for 14 days before challenge with cercarial O.
viverrini for 24 h and (D) control group showing chronic inflammation, hyperplasia and infiltration
(H&E, bar = 50 ym). M: metacercariae, FB: fibrous tissue, MF: striated muscle of fish.

DISCUSSION

In the present study, the susceptibility of B.
gonionotus to O. viverrini cercarial infection did
not only increase with increasing age of fish, but
also O. viverrini metacercaial recovery increased
with increasing age of fish, especially fish in age-
groups of 30 and 50 days old was high (19.20 to
25.80%). Similar to the finding of Donthaisong et
al. (2014), the difference in susceptibility caused
by different stage of fish might be related to the
qguantity or composition of  biochemical
compounds secreted by fish that might change
when fish increase in size and age (Haas, 1992).
In fact, the surface area of fish host for O. viverrini
cercarial attachment increased in older age-group
(Donthaisong et al., 2014). In addition, the result
of the present study indicates that the increased
intensity of O. viverrini cercarial infection was
influenced by the age and stage of B. gonionotus
due to increasing area of attachment for O.
viverrini cercariae increases the chance of
infection in older age-group. Similar results were
revealed by Phan et al. (2010), it was reported no
infections of fish-borne zoonotic trematodes
(FZTs) in fish fry from hatcheries. However, in
nurseries, increasing prevalence of infected fish
was 14% in one-week-old juveniles, 49% in four-
week-old juveniles; and up to 58% in overwintered
juveniles in the ponds. Boerlage et al., (2011,
2012) reported that small sized (1 g) common
carp (Cyprinus carpio) had the high percentages
of infected fish, metacercariae burdens, and
attack rates of parapleurolophocercous cercariae
(Haplorchis and Centrocestus sp., family
Heterophyidae). In the present study, fish in age-

groups of 2, 10 and 15 days old had low intensity
of the infection and percentage of metacercarial
recovery compared to that of 30 and 50 days old.
This could be due to the feeding behavior of fish
larvae after yolk-sac almost completely
disappeared starts ingesting zooplanktons; and
the size and appearance of O. viverrini cercariae
are similar to zooplanktons which might have
been eaten and also ingested by fish larvae.
However, O. viverrini infection was related to the
behavior (e.g. feeding, moving and swimming)
and morphological changes (e.g. attachment area
for cercariae) of fish in each age-group (Haas,
1992; Donthaisong et al., 2014). This result is
similar to the report of Donthaisong et al. (2014),
they observed the relationship between behavior
of fish and intensity of O. viverrini infection,
percentage of metacercarial recovery and
percentage of infected fish post-exposed to O.
viverrini cercariae. The result showed no infection
in the groups of 9-10 days old; further, low
intensity of O. viverrini infection, percentage of
metacercarial recovery and percentage of infected
fish were found in the groups of 1-2, 3-4, 5-6 and
7-8 days old as the fish actively search for food. In
contrast, 100% infected fish was observed in age-
groups of 30-34, 45-49, 50-54, 55-59 and 60-64.
As a result, 50-day-old fish would be therefore
selected as experimental animal in Experiment II.
In experiment 11, the effects of dietary vitamin
C supplementation on disease resistance against
O. viverrini infection in 50-day-old B. gonionotus
were investiagted. The results showed that the
infection rate of O. viverrini in groups of B.
gonionotus fed the diets supplemented with
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vitamin C for 3, 7 and 14 days was decreased
when compared to control group. The lowest
infection rate was observed in fish fed the diet
supplemented with 2,000 mg/kg vitamin C (0 to
6.67%) in all sampling times, especially fish in a
group fed diet supplemented with 2,000 mg/kg
vitamin C for 14 days showed no infection. As far
as we know, this result is the first report to
demonstrate the effects on dietary vitamin C
supplementation on disease resistance against O.
viverrini of B. gonionotus. Our finding showed that
B. gonionotus fed the diets supplemented with
vitamin C resulted in increased resistance against
O. viverrini. In fish, previous studies suggested
that dietary vitamin C in fish improves their natural
resistance to infections which increase modulate
the non-specific immune response (by enhancing
phagocytosis-mediated leucocyte functions
including respiratory burst activity and superoxide
dismutase activity, bactericidal activity, alternative
complement activity, etc.), and also increase
survivability against pathogenic agents (Lin and
Shiau, 2005; Nayak et al.,, 2007; Tewary and
Patra, 2008; Ming et al., 2012; Guardiola et al.,
2014; Roosta et al., 2014; Shahkar et al., 2015;
Khan et al., 2017; Leal et al., 2017; Hossain et al.,
2018).

The levels of metacercarial recovery in fish
fed the diet supplemented with 2,000 mg/kg
vitamin C for 3, 7 and 14 days were very low (0 to
0.13%) compared to the other groups. In 14 days
of dietary vitamin C supplementation, 0% of
metacercarial recovery was found in a group fed
diet supplemented with 2,000 mg/kg vitamin C,
and intensity of metacercarial infection was 0O
metacercariae/fish. The results suggested that
fish immunity involves in the infection process of
O. viverrini cercariae to the fish. It is in agreement
with previous research findings indicate that
beneficial effect of dietary supplementation with
vitamin C does not only influences growth and
feed utilization in fish (Dupree, 1966; Halver et al.,
1969; Lovell, 1973; Durve and Lovell, 1982; Mazik
et al., 1987; Landolt, 1989; Navarre et al., 1989;
Hardie et al., 1991; Waagbg et al., 1993; Rougier
et al., 1994; Roberts et al., 1995; Verlhac et al.,
1998; Adel and Khara, 2016) but also has ability
to stimulate the non-specific immune response
and disease resistance of a variety of cultured fish
species, such as Bagrid catfish, Mystus gulio
(Anbarasu and Chandran, 2001), Gilthead
seabream, Sparus aurata (Ortufio et al., 2003),
Asian catfish, Clarias batrachus (Kumari and
Sahoo, 2005), Rohu, Labeo rohita (Tewary and
Patra, 2008), Nile tilapia, Oreochromis niloticus

(Ibrahem et al., 2010; Barros et al., 2014), Cobia,
Rachycentron canadum (Zhou et al, 2012),
Groper, Polyprion oxygeneios (Salinas et al.,
2012), Wuchang bream, Megalobrama
amblycephala (Wan et al., 2014; Liu et al., 2016),
Largemouth bass, Micropterus salamoides (Chen
et al., 2015), Japanese eel, Anguilla japonica
(Shahkar et al., 2015), Red sea bream, Pagrus
major (Dawood et al., 2016; Dawood et al., 2017;
Hossain et al., 2018), Mahseer fish, Tor putitora
(Khan et al., 2017).

Recent study was reported by Donthaisong et
al. (2016) found that B. gonionotus administered
with immunosuppressant (prednisolone) prior to
infection with O. viverrini cercariae had higher
metacercarial recovery than that of a control
group without the immunosuppressant
administration. On the other hand, the
administration of prednisolone after the O.
viverrini  infection allowed metacercariae to
develop to the infective stage, and also found that
immunosuppression decreases superoxide
dismutase (SOD) activity and fibrous tissue in
infected fish; moreover, this circumstance
promoted O. viverrini metacercariae to develop to
the infective stage. Our study showed that SOD
activity was enhanced by dietary vitamin C
supplementation and the intake period of vitamin
C. The SOD activity of the groups fed the diets
supplemented with vitamin C were increased
compared to the control group. Additionally, the
levels of SOD activity increased with increasing
period of vitamin C intake. Therefore, findings of
the present study clearly demonstrate that vitamin
C can improve the SOD activity of B. gonionotus
resulting in stimulating the immune response of
fish against O. viverrini infection. The
enhancement of SOD induced by dietary vitamin
C has been reported in several fish species
(Kumari and Sahoo, 2005; Zhou et al.,, 2012;
Chen et al., 2015; Shahkar et al., 2015; Dawood
et al., 2016; Dawood et al., 2017).

The histological studies confirm that both of
the dietary vitamin C supplementation and the
intake period of vitamin C increase formation of
fibrous tissue of infected fish. After 24 h exposure
to O. viverrini cercariae, the group of infected fish
in control group and the groups of infected fish fed
the diet supplemented with 0 mg/kg vitamin C had
less formation of fibrous tissue, and encysted
metacercariae were resistant to the effects of
immune response of fish and were not damaged
(O. viverrini metacercariae become fully infective
stage) compared to in groups fed the diets
supplemented with vitamin C for 3, 7 and 14 days,
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except in a group of fish fed the diet
supplemented with 2,000 mg/kg vitamin C for 14
days which could resist O. viverrini infection. The
metacercarial cysts in the groups of infected fish
fed the diets supplemented with vitamin C for 3, 7
and 14 days were surrounded by a thick fibrous
capsule produced by the host (B. gonionotus).
Later, the metacercarial cysts were damaged in
the groups of fish fed the diets supplemented with
vitamin C for 14 days. According to Mumford et al.
(2007), the defense mechanisms of immune
response include chronic inflammation,
hyperplasia and infiltration consisting mixture of
macrophages, lymphocytes, plasma cells,
fibroblasts, and sometimes neutrophils surround
the metacercarial cysts. The SOD defense
response to the O. viverrini infection was similar to
the report by Donthaisong et al. (2016) which
revealed that the SOD activity and fibrous tissue
formation are enhanced by parasite exposure.
The elevation of the SOD and fibrous tissue
formation could interfere with the meatacercarial
development of O. viverrini.

CONCLUSION

This study obviously indicated that B.
gonionotus fed the diets supplemented with
vitamin C for 14 days were able to reduce O.
viverrini infection, and improve the non-specific
immune response as well as SOD activity and
formation of fibrous tissue, especially B.
gonionotus fed the diet supplemented with 2,000
mg vitamin C/kg of diet for 14 days were able to
resist O. viverrini infection. Results of the present
study can be applied for preventing O. viverrini
infection in B. gonionotus reared in nursing pond
by feeding the diet supplemented with 2,000
mg/kg vitamin C for 14 days before stocking the
fish in the culture ponds.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

This work was supported by a research grant
from Rajamangala University of Technology Isan
Sakonnakhon Campus. We are grateful to our
colleagues from the Department of Fisheries,
Faculty of Agriculture and Food-Borne Parasite
Research Group, Department of Parasitology,
Faculty of Medicine, Khon Kaen University for
their assistance in this work.

AUTHOR CONTRIBUTIONS

NS and SW designed and performed the
experiments. ST and BY carried out the
experiments, NS and SW also wrote the
manuscript. All authors read and approved the
final version.

Copyrights: © 2019 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Adel A, Khara H, 2016. The effects of different
dietary vitamin C and iron levels on the
growth, hematological and immunological
parameters of rainbow trout Oncorhynchus
mykiss fingerlings. Iran J Fish Sci 15: 886-
897.

Anbarasu K, Chandran MR, 2001. Effect of
ascorbic acid on the immune response of the
catfish, Mystus gulio (Hamilton) to different
bacterins of Aeromonas hydrophila. Fish
Shellfish Immunol 11: 347-355.

Arunsan P, Donthaisong C, Suwannatrai K,
Prasopdee S, Kulsantiwong J, Suwannatrai
A, Boonmars T, Welbat JU, Oopachitakul S,
Tesana S, 2014. Localization of the
cystogenous glands of Opisthorchis viverrini
cercariae. Southeast Asian J Trop Med
Public Health 45: 276-289.

Barros MM, Falcon DR, Orsi Rde O, Pezzato LE,
Fernandes AC Jr, Guimarées IG, Fernandes
A Jr, Padovani CR, Sartori MM, 2014. Non-
specific immune parameters and
physiological response of Nile tilapia fed [3-
glucan and vitamin C for different periods
and submitted to stress and bacterial
challenge. Fish Shellfish Immunol 39: 188-
195.

Basak SK, Basak B, Gupta N, Hague MM, Amin
R, 2014. Embryonic and larval development
of silver barb (Barbodes goniotus) in a
mobile hatchery under laboratory condition.
Eur Sci J 3: 258-270.

Boerlage AS, Graat EAM, Verreth JA, de Jong
MCM, 2011. Effect of fish size on

Bioscience Research, 2019 volume 16(2): 2204-2216

2213


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Senasri et al.,

Vitamin C on Opisthorchis viverrini infection in silver barb

transmission of fish-borne trematodes
(Heterophyidae) to common carps (Cyprinus
carpio) and implications for intervention.
Aquaculture 321: 179-184.

Boerlage AS, Graat EAM, Verreth JA, de Jong
MCM, 2012. Higher attack rate of fish-borne
trematodes (Heterophyidae) in common carp
fingerlings (Cyprinus carpio) at lower fish
weight. Parasitol Res 111: 875-879.

Brandt RAM, 1974. The non-marine aquatic
mollusca of Thailand. Archiv Molluskenk 105:
1-423.

Chen YJ, Yuan RM, Liu YJ, Yang HJ, Liang GY,
Tian LX, 2015. Dietary vitamin C requirement
and its effects on tissue antioxidant capacity
of juvenile largemouth bass, Micropterus
salmoides. Aquaculture 435: 431-436.

Dang TC, Yajima A, Nguyen VK, Montresor A,
2008. Prevalence, intensity and risk factors
for clonorchiasis and possible use of
guestionnaires to detect individuals at risk in
northern Vietnam. Trans R Soc Trop Med
Hyg 102: 1263-1268.

Dawood MAO, Koshio S, Ishikawa M, Yokoyama
S, 2016. Immune responses and  stress
resistance in red sea bream, Pagrus major
after oral administration of heat-
killed Lactobacillus plantarum and vitamin C.
Fish Shellfish Immunol 54: 266-275.

Dawood MAO, Koshio S, El-Sabagh M, Billah
MM, Zaineldin Al, Zayed MM, Omar AAED,
2017. Changes in the growth, humoral and
mucosal immune responses following [3-
glucan and vitamin C administration in red
sea bream, Pagrus major. Aquaculture 470:
214-222.

Donthaisong C, Arunsan P, Suwannatrai K,
Prasopdee S, Kulsantiwong J,
Wongmaneeprateep S, Suwannatrai A,
Tesana S, 2014. Experimental infection of
Opisthorchis  viverrini cercariae to the
cyprinid fish, Barbonymus gonionotus. Acta
Tropica 136: 118-122.

Donthaisong C, Arunsan P, Suwannatrai K,
Prasopdee S, Kulsantiwong J,
Wongmaneeprateep S, Suwannatrai A,
Tesana S, 2016. Infectivity and development
of Opisthorchis viverrini metacercariae in
immunosuppressed Barbonymus gonionotus
fingerlings (Cyprinidae). Acta Tropical 162:
107-113.

Dupree HK, 1966. Vitamins Essential for Growth
of Channel Catfish, Ictalurus punctatus.
Technical Paper No. 7, Bureau of Sport
Fisheries and Wildlife, Washington DC.

Durve VS, Lovell RT, 1982. Vitamin C and
disease resistance in channel catfish
(Ictalurus punctatus). Can J Fish Aquat Sci
39: 948-951.

Frandsen F, Christensen NO, 1984. An
introductory guide to the identification of
cercariae from African freshwater snails with
special reference to cercariae of trematode
species of medical and veterinary
importance. Acta Tropica 41: 181-202.

Fridovich 1, 1989. Superoxide dismutase an
adaptation to a paramangetic gas. J Biol
Chem 264: 7761-7764.

Grundy-Warr C, Andrews RH, Sithithaworn P,
Petney TN, Sripa B, Laithavewat L, Ziegler
D, 2012. Raw attitudes, wetland cultures, life-
cycles: socio-cultural dynamics relating
to Opisthorchis viverrini in the Mekong Basin.
Parasitol Int 61: 65-70.

Guardiola FA, Cuesta A, Arizcun M, Meseguer J,
Esteban MA, 2014. Comparative  skin
mucus and serum humoral defence
mechanisms in the teleost gilthead
seabream (Sparus aurata). Fish Shellfish
Immunol 36: 545-551.

Haas W, 1992. Physiological analysis of cercarial
behavior. J Parasitol 78: 243-255.

Halver JE, Ashley LM, Smith RR, 1969. Ascorbic
acid requirements of coho salmon and
rainbow trout. Trans Amer Fish Soc 98: 762-
771.

Hardie LJ, Fletcher TC, Secombes CJ, 1991. The
effect of dietary vitamin C on the immune
response of the Atlantic salmon (Salmo salar
L.). Aquaculture 95: 201-214.

Harinasuta C, Harinasuta T, 1984. Opisthorchis
viverrini: life cycle, intermediate hosts,
transmission to man and geographical
distribution in Thailand. Arzneimittel Forsch
34:1164-1167.

Hossain MS, Konshio S, Ishikawa M, Yokoyama
S, Sony NM, Dossou S, Wang W, 2018.
Influence of dietary inosine and vitamin C
supplementation on growth, blood chemistry,
oxidative stress, innate and adaptive immune
responses of red sea bream, Pagrus major
juvenile. Fish Shellfish Immunol 82: 92-100.

Humason GL, 1979. Animal Tissue Techniques,
4th edition. W.H. Freeman and Company,
San Francisco.

IARC, 2011. A review of human carcinogens:
biological agents, Opisthorchis viverrini and
Clonorchis sinensis. IARC Monogr Eval
Carcinog Risks Hum 100: 351-376.

Ibrahem MD, Fathi M, Mesalhy S, Abd EI-Aty AM,

Bioscience Research, 2019 volume 16(2): 2204-2216

2214



Senasri et al.,

Vitamin C on Opisthorchis viverrini infection in silver barb

2010. Effect of dietary supplementation of
inulin and vitamin C on the growth,
hematology, innate immunity, and resistance
of Nile tilapia (Oreochromis niloticus). Fish
Shellfish Immunol 29: 241-246.

Jongsuksuntigul P, Imsomboon T, 2003.
Opisthorchiasis control in Thailand. Acta
Trop 88: 229-232.

Khan KU, Zuberi A, Nazir S, Ullah I, Jamil Z,
Sarwar H, 2017. Synergistic effects of dietary
nano selenium and vitamin C on growth,
feeding, and physiological parameters of
mahseer fish (Tor putitora). Aquacult Rep 5:

70-75.
Kumari J, Sahoo PK, 2005. High dietary vitamin C
affects  growth, non-specific  immune

responses and disease resistance in Asian
catfish, Clarias batrachus. Mol Cell Biochem
280: 25-33.

Landolt ML, 1989. The relationship between diet
and the immune response of fish.
Aquaculture 79: 193-206.

Leal E, Zarza C, Tafalla C, 2017. Effect of vitamin
C on innate immune responses of rainbow
trout (Oncorhynchus mykiss) leukocytes.
Fish Shellfish Immunol 67: 179-188.

Lin MF, Shiau SY, 2005. Dietary L-ascorbic acid

affects  growth, non-specific  immune
responses and disease resistance in juvenile
grouper, Epinephelus malabaricus.

Aquaculture 244: 215-221.

Liu B, Wan J, Ge X, Xie J, Zhou Q, Miao L, Ren
M, Pan L, 2016. Effects of dietary vitamin C
on the physiological responses and disease
resistance to pH stress and Aeromonas
hydrophila  infection of Megalobrama
amblycephala. Turk J Fish Aquat Sci 16:
421-433.

Lovell RT, 1973. Essentiality of vitamin C in feeds
for intensively fed caged channel catfish. J
Nutr 103: 134-138.

Manivong K, Komalamisra C, Waikagul J,
Radomyos P, 2009. Opisthorchis viverrini
metacercariae in cyprinoid fish from three
rivers in Khammouane Province, Lao PDR. J
Trop Med Parasitol 32: 23-29.

Mazik PM, Tomasso JR, Brandt TM, 1987. Effects
of dietary vitamin C on growth, caudal fin
development, and tolerance of aquaculture-
related stressors in channel catfish. Prog
Fish-Cult 49: 13-16.

Ming J, Xie J, Xu P, Ge X, Liu W, Ye J, 2012.
Effects of emodin and vitamin C on growth
performance, biochemical parameters and
two HSP70s mRNA expression of Wuchang

bream (Megalobrama amblycephala Yih)
under high temperature stress. Fish Shellfish
Immunol 32: 651-661.

Mumford S, Heidel J, Smith C, Morrison J,
MacConnell B, Blazer V, 2007. Fish
Histology and Histopathology, 4th edition. US
Fish & Wildlife Service, West Virginia.

Navarre O, Halver JE, 1989. Disease resistance
and humoral antibody production in rainbow
trout fed high levels of vitamin C.
Aquaculture 79: 207-221.

Nayak SK, Swaina P, Mukherjee SC, 2007. Effect
of dietary supplementation of probiotic and
vitamin C on the immune response of Indian
major carp, Labeo rohita (Ham.). Fish
Shellfish Immunol 23: 892-896.

Ortufio J, Esteban MA, Meseguer J, 2001. Effects
of short-term crowding stress on the gilthead
seabream (Sparus aurata L.) innate immune
response. Fish Shellfish Immunol 11: 187-
197.

Ortufio J, Esteban MA, Meseguer J, 2003. The
effect of dietary intake of vitamins C and E
on the stress response of gilthead seabream
(Sparus aurata L.). Fish Shellfish Immunol
14: 145-156.

Pace GL, 1973. The freshwater snails of Taiwan
(Formosa). Malacol Rev Suppl 1: 1-118.
Phan VT, Ersbgll AK, Nguyen TT, Nguyen KV,
Nguyen HT, Murrell D, Dalsgaard A, 2010.
Freshwater aquaculture nurseries and
infection of fish with zoonotic trematodes,

Vietnam. Emerg Infect Dis 16: 1905-1909.

Ren T, Koshio S, Ishikawa M, Yokoyama S,
Micheal FR, Uyan O, Tung HT, 2007.
Influence of dietary vitamin C and bovine
lactoferrin on blood chemistry and non-
specific immune responses of Japanese eel,
Anguilla japonica. Aquaculture 267: 31-37.

Rim HJ, Sohn WM, Yong TS, Eom KS, Chai JY,
Min DY, Lee SH, Hoang EH, Phommasack
B, Insisengmay S, 2008. Fish borne
trematode metacercariae  detected in
freshwater fish from Vientiane Municipality
and Savannakhet Province, Lao PDR.
Korean J Parasitol 46: 253-260.

Roberts ML, Davies SJ, Pulsford AL, 1995. The
influence of ascorbic acid (vitamin C) on
non-specific  immunity in  the turbot
(Scophthalmus maximus L.). Fish Shellfish
Immunol 5: 27-38.

Roosta Z, Hajimoradloo A, Ghorbani R, Hoseinifar
SH, 2014. The effects of dietary vitamin C on
mucosal immune responses and growth
performance in Caspian roach (Rutilus rutilus

Bioscience Research, 2019 volume 16(2): 2204-2216

2215



Senasri et al.,

Vitamin C on Opisthorchis viverrini infection in silver barb

caspicus) fry. Fish Physiol Biochem 40:
1601-1607.

Rougier F, Troutaud D, Ndoye A, Deschaux P,
1994. Non-specific immune response of
Zebrafish, Brachydanio rerio (Hamilton-
Buchanan) following copper and zinc
exposure. Fish Shellfish Immunol 4: 115-127.

Salinas I, Anderson SA, Wright J, Webb VL, 2012.
In vivo innate immune responses of groper
(Polyprion oxygeneios) against Miamiensis
avidus infection and lack of protection
following dietary vitamin C administration.
Fish Shellfish Immunol 32: 8-15.

Sayasone S, Odermatt P, Phoumindr N,
Vongsaravane X, Sensombath V,
Phetsouvanh R, Choulamany X, Strobel M,
2007. Epidemiology of Opisthorchis viverrini
in a rural district of southern Lao PDR. Trans
R Soc Trop Med Hyg 101: 40-47.

Schell SC, 1970. How to Know the Trematodes.
W.C. Brown, Dubuque, lowa.

Shahkar E, Yun H, Kim DJ, Kim SK, Lee BI, Bai
SC, 2015. Effects of dietary vitamin C levels
on tissue ascorbic acid concentration,
hematology, non-specific immune
response and gonad histology in broodstock
Japanese eel, Anguilla japonica. Aquaculture
438: 115-121.

Sithithaworn P, Haswell-Elkins M, 2003.
Epidemiology of Opisthorchis viverrini. Acta
Trop 88: 187-194.

Sripa B, Echaubard P, 2017. Prospects and
challenges towards sustainable liver fluke
control. Trends Parasitol 33: 799-812.

Sukontason K, Piangjai S, Muangyimpong Y,
Sukontason K, Methanitikorn R, Chaithong
U, 1999. Prevalence of trematode
metacercariae in cyprinoid fish of Ban Pao
district, Chiang Mai Province, northern
Thailand. Southeast Asian J Trop Med Public
Health 30: 365-370.

Termvidchakorn A, Hortle KG, 2013. A Guide to
Larvae and Juveniles of Some Common Fish
Species from the Mekong River Basin. MRC
Technical Paper No0.38, Mekong River
Commission, Phnom Penh, Cambodia.

Tewary A, Patra BC, 2008. Use of vitamin C as an
immunostimulant. Effect on  growth,
nutritional quality, and immune response of
Labeo rohita (Ham.). Fish Physiol Biochem
34:; 251-259.

Touch S, Yoonnuan T, Nuamtanong S,
Homsuwan N, Phuphisut O, Thaenkham U,
Waikagul J, 2013. Seasonal variation of
Opisthorchis viverrini metacercarial infection

in cyprinid fish from Southern Cambodia. J
Trop Med Parasitol 36: 1-7.

Upatham ES, Viyanant V, 2003. Opisthorchis
viverrini and opisthorchiasis: a historical
review and future perspective. Acta Trop 88:
171-176.

Verlhac V, Obach A, Gabaudan J, Schuep W,
Hole R, 1998. Immunomodulation by

dietary vitamin C and glucan in rainbow
trout (Oncorhynchus mykiss). Fish Shellfish
Immunol 8: 409-424.

Waagbg R, Glette J, Raa-Nilsen E, Sandnes K,
1993. Dietary vitamin C, immunity and
disease resistance in Atlantic salmon (Salmo
salar). Fish Physiol Biochem 12: 61-73.

Wan J, Ge X, Liu B, Xie J, Cui S, Zhou M, Xia S,
Chen R, 2014. Effect of dietary vitamin C on
non-specific immunity and mRNA expression
of three heat shock proteins (HSPs) in
juvenile Megalobrama amblycephala under
pH stress. Aquaculture 434: 325-333.

Wongratanacheewin S,  Pumidonming W,
Sermswan RW, Maleewong W, 2001.
Development of a PCR-based method for the
detection of Opisthorchis viverrini in
experimentally infected hamsters.
Parasitology 122: 175-180.

Wykoff DE, Harinasuta C, Juttijudata P, Winn MM,
1965. Opisthorchis viverrini in Thailand: the
life cycle and comparison with O. felineus. J
Parasitol 51: 207- 214.

Zhou Q, Wang L, Wang H, Xie F, Wang T, 2012.
Effect of dietary vitamin C on the growth
performance and innate immunity of juvenile
cobia  (Rachycentron canadum). Fish
Shellfish Immunol 32: 969-975.

Bioscience Research, 2019 volume 16(2): 2204-2216

2216



