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Abstract

Haplorchis taichui is an intestinal heterophyid fluke that is pathogenic to humans. This parasite can mature in the
small intestine of birds and mammals. The purpose of this study was to investigate the effect of chia seed oil (Salvia
hispanica L.) on H. taichui in vitro and in vivo. The activity of adult H. taichui worms incubated in Tyrode’s solution
containing praziquantel (10pg/ml) or chia oil (1 or 10 mg/ml) for 1, 6, 12 and 24 hours was assessed by observation
under a stereo-microscope. Syrian hamsters infected with 200 H. taichui metacercariae were treated with 25mg/kgBW
praziquantel in a single dose or 100mg/kgBW chia oil for 3 days. The number of worms recovered from the small
intestine was determined and morphology was examined by scanning electron microscopy (SEM). All the worms were
inactive and contracted after 1Th exposure to 10 pg/ml praziquantel. Twenty percent of the worms were inactive after
exposure to 1 mg/ml of chia oil for 12 h and 100% of the worms were inactive after exposure to 10 mg/ml chia oil for
1 h. The average number of adult H. faichui worms recovered from the intestines of hamsters treated with chia oil was
60 *+ 11.57 and SEM analysis showed time and concentration dependent blebbing, swelling and sloughing of the
tegument surface. There were no worms recovered from the hamsters treated with praziquantel. The blebbing and
sloughing results of chia oil on the H. taichui covering looked similar to those of praziquantel.
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Introduction

The family Heterophyidae are intestinal flukes.
One member of the family is Haplorchis taichui (H.
taichui), which is endemic in Southeast and East Asia,
inhabiting the small intestine of birds and mammals
(Abdietal., 2017; Chaiet al., 2009; Eom et al., 2014; Toma
et al, 1999). H. taichui can also infect humans via the
oral route through the consumption of cyprinoid fish
contaminated with metacercariae. Heterophyiasis can
cause acute abdominal pain, mild intestinal
discomfort, mucousy diarrhea and colicky pains
(Tantachamrun and Kliks, 1978; Toledo et al., 2006).
The eggs of heterophyid flukes may also be deposited
in the brain, spinal cord, heart and other organs and in
some patients lesions in the myocardium have led to
heart failure (Africa ef al., 1935). In the first reported
heterophyid infection of a human in Thailand, H.
taichui was found in a man in Udonthani Province in
1971 (Manning et al., 1971). The drug for treating
heterophyiasis is praziquantel, which is administered
as a single dose at 25 mg/kgBW (Chai et al., 2000;
Waikagul et al., 2005). However, praziquantel has
unwanted side effects such as headache, nausea,
abdominal pain, vomiting, bloody stools and fever
(Erko et al., 2012).

Recently, the use of traditional medicinal plants in
the fight against parasites has been applied in many
regions of the world (Abdel-Ghaffar et al., 2011;
Aukkanimart et al., 2015; Rungruang and Boonmars,
2009; Wonkchalee et al., 2012). Chia (Salvia hispanica L.)
is a biennial plant that belongs to the family Lamiaceae,
native to southern Mexico and northern Guatemala
(Ayerza and Coates, 2007). The chia seed has been
reported as an important source of oil (30% - 40% dry
weight), dietary fiber (20% - 30%), protein (15% - 30%),
as well as polyphenolic compounds and minerals
(Ixtaina et al., 2011; Ixtaina et al., 2008; Marineli et al.,
2014; Reyes-Caudillo et al., 2008). Several studies have
reported that the consumption of chia seeds has health
benefits, improving biological markers related to
glucose homeostasis, dyslipidemia, cardiovascular
disease and inflammation (Chicco et al., 2009; Vuksan
et al., 2010). From a previous study, chia oil has been
reported in antifungal activity and antibacterial
activity (Elshafie et al., 2018). Chia oil significantly
decreased the mycelium growth (Aspergillus fumigatus,
Penicillium expansum, Monilinia laxa, and Monilinia
fructigena) and was found more antibacterial activity
against gram positive bacteria than gram negative
strains (Elshafie et al., 2018). However, antiparasitic
activity has not been reported. We therefore
investigated the trematocidal activity of chia oil in vitro
and in an in vivo hamster model.

Materials and Methods

Preparation of H. taichui metacercariae: Cyprinoid
fish, collected from an area in the northeastern past of
Thailand endemic for H. taichui, were blended
thoroughly with 0.25% pepsin in 0.85% sodium
chorlide solution and 0.15% hydrochloric acid in a ratio
of 1:3 by volume, incubated in a shaking water bath at
37 °C for 1 h, and then filtered through a sieve using
0.85% NaCl as a diluent. H. taichui metacercariae were
selected from the residue under a stereo-microscope.
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Preparation of chia oil: Chia seeds were obtained from
the Faculty of Agriculture, Khon Kaen University. Chia
seeds were ground into powder and extracted with
ethanol for 7 days at room temperature. After
extraction, samples were filtered and filtrates were
evaporated at 50°C with a rotary evaporator
(Rotavapor R-200/205, BUCHI, Flawil, Switzerland).
Chia oil was collected following centrifugation at 3,000
rpm for 10 minutes and kept at -20°C until use.

In vitro treatment: To prepare the adult H. taichui
worms, Syrian hamsters were infected with 200 H.
taichui metacercariae. After seven days the hamsters
were anesthetized with diethyl ether and the small
intestines were collected. Adult H. taichui worms were
collected from the small intestines, washed in Tyrode’s
solution, and separated into 5 groups (60
worms/group): i) normal control (Tyrode’s soluton),
ii) diluent control (distilled water), iii) positive control
(praziquantel 10ug/ml), iv) chia oil 1mg/ml, and v)
chia oil 10mg/ml. Active worms (3 replicates of 5
worms) were placed in 2 ml of test solution in 24-well
plates and incubated at 37°C for 1, 6, 12 and 24 h. The
worms were then washed 3 times in phosphate
buffered saline before observation under a stereo-
microscope where any movement within 15 sec was
recorded as “active”. For scanning electron microscopy
(SEM), worms were fixed in 25% (w/v)
glutaraldehyde at 4°C.

In vivo treatment: Syrian hamsters were infected with
200 H. taichui metacercariae (Songsri et al., 2018) and
divided into 3 groups (5 hamsters/group): i) control (no
treatment), ii) positive control (praziquantel
25mg/kgBW in a single dose), iii) chia oil treatment
(chia oil 100mg/kgBW 3 days). The hamsters were
maintained with unlimited food and water in the
animal unit at the Faculty of Medicine, Khon Kaen
University. After treatment, the hamsters were
weighed and anesthetized and adult worms were
collected from the small intestine and fixed in 2.5%
(w/v) glutaraldehyde at 4°C. The small intestines were
sectioned and stained with hematoxylin and eosin
(H&E). The experimental protocols were approved by
the Animal Ethics Committee of Khon Kaen University
(ACUC-KKU-16/2560).

Scanning electron microscopy (SEM): After fixation,
worms were washed with distilled water 3 times for 15
mins/time and stained with 1% osmium for 90 mins.
The worms were washed again with distilled water 3
times for 15 min/time and dehydrated with increasing
concentrations of acetone (20%, 40%, 60%, 80% and
100% acetone 3 times for 15 min/time). After
dehydration, the worms were dried with a Leica
CPD300 critical point dryer, mounted on a stub, coated
with gold and photographed with a scanning electron
microscope (Carl Zeiss, AURIGA®).

Statistical analysis: The data are expressed as mean *
standard deviation (SD). Statistical analysis was by
one-way analysis of variance (ANOVA) using SPSS
statistical software, version 16.0. The statistical
significance between groups was determined at the
threshold of P<0.05.
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Results

In vitro treatment: Sixty active H. taichui worms were
treated in each group. After one hour exposure to 10
pg/ml praziquantel, all worms were inactive and
contracted. Chia oil reduced H. taichui activity in a time
and concentration dependent manner. Exposure of the
worms to 1 mg/ml of chia oil for 12 h resulted in 20%

Control Diluents
A E
®
1h . w
. 3
-, i * )
B F
) _
6h g 26 ¢
o3
c G
12h R =
- ‘V
D H
L}
24h : T
e [\

Praziquantel

» 1 ulliah

g Y

395

of worms becoming inactive and all worms were
inactive after exposure for 24 h. Exposure to 10 mg/ml
chia oil for 1 h rendered all the worms inactive .
Inactive worms in the chia oil treatment groups
appeared bloated, not contracted as they appeared in
the praziquantel treatment group (Fig 1). In the control
groups (Tyrode’s solution and diluent) all worms
remained active at 24 h (Table 1).

Chia lmg/ml Chia 10mg/ml

3 e 3

Figurel H. faichui adult worms after incubation with solutions for 1 h (first row), 6 h (second row), 12 h (third row), and 24 h (
fourth row). A-D: Control (Tyrode’s solution), E-H: Diluent control (distilled water), I-L: Praziquantel (10pg/ml), M-P:
Chia oil 1 mg/ml, Q-T: Chia oil 10 mg/ml. (magnification 40x)

Tablel  Percentage of inactive worms treated with praziquantel and chia oil concentrations 1 and 10 mg/ml at different times

post-incubation.

Percentage of inactive worms (%) after incubation (+SD)

Groups
1h 6h 12h 24h
Control 0+0 0+0 0+0 0+0
Diluent control 0£0 0£0 0£0 0£0
Praziquantel 10pg/ml 1000 1000 1000 1000
Chia oil Img/ml 0£0 0+0 20+17.89 100+0
Chia oil 10mg/ml 10040 100+0 10040 100+0

* inactive (>10 sec no movement).

Scanning electron microscopy examination of
morphology: Exposure to chia oil damaged the H.
taichui tegumental surface and the degree of damage
increased with the concentration and exposure time.
The morphology of the tegumental surface of H. taichui
exposed to Tyrode’s solution or diluent control
appeared normal and was covered with numerous
lamina-like spines and sensory papillae. The oral (OS)
and ventral (VS) suckers appeared smooth and intact

(Fig 2).

Treatment with 10ug/ml praziquantel: After exposure
to 10pg/ml praziquantel for 1 h, all the worms were
inactive and contracted. The SEM images show
extensive blebbing of the tegument (Fig 3 A-D) and the
formation of lesions where the tegument was
sloughing off the surface (Fig 3C). In addition, the areas
around the oral and ventral suckers were swollen (Fig
3A and C).
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Figure2  Tegumental surface of adult Haplorchis taichui after incubation with Tyrode’s solution (A-C) or diluent (D-F).OS; oral
sucker, VS; ventral sucker. Arrows indicate sensory papillae.

Figure 3  Tegumental surface of adult H. faichui after 1 h incubation with 10pg/ml praziquantel. OS; oral sucker, VS; ventral sucker.
Arrows indicate blebbing, a star indicates sloughing.
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Treatment with 1 mg/ml chia oil: The tegumental
surfaces of active worms examined by SEM after
treatment with 1 mg/ml chia oil for 1 h appeared
normal, with spines and sensory papillae visible (Fig
4A). After longer exposures (12 h), the tegument
surface appeared uneven, with some swollen and some
sunken areas (Fig 4C and D). The tegument surfaces of
inactive worms collected after exposure to 1 mg/ml
chia oil for 24 h appeared swollen with extensive
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blebbing and and sloughing of the tegument from the
surface (Fig 4E and F)

Treatment with 10 mg/ml chia oil: After 1 h, the
tegument examined by SEM after treatment with 10
mg/ml chia oil, appeared swollen and to be blebbing
in areas of the spines (Fig 5A and B). In worms after 24
h, the oral and ventral sucker and sensory papillae
surfaces showed blebbing and the tegument surface
appeared swollen and to be sloughing (Fig 5).

Figure4  Tegumental surface of adult H. taichui after incubation with 1 mg/ml chia oil for 1h (A), 6 h (B), 12 h (C and D) and 24 h
(E and F). OS; oral sucker, VS; ventral sucker. Arrows indicate blebbing, stars indicate sloughing.
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Figure5 Tegumental surface of adult Haplorchis taichui after incubation with 10 mg/ml chia oil. OS; oral sucker, VS; ventral sucker,

Arrowed; sensory papillae blebbing, Star; sloughing.
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In vivo treatment: This experiment is designed for
studying the effect of chia oil against H. taichui
infecting Syrian hamsters. End points were differences
in the numbers of worms recovered from the host and
pathological changes to the small intestine. To
determine the effect of chia oil on the viability of H.
taichui, the number of active adult worms that were
collected from each hamster was counted. The number
of worms recovered from infected hamsters treated
with chia oil was lower than that from the untreated
group (p <0.05). There were no worms recovered from
any of the infected hamsters in the praziquantel
treatment group (Fig 6).
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Scanning electron microscope examination of
morphology: The scanning electron micrographs of the
worms recovered from the untreated control showed
no changes in morphology (Fig 7A). The oral and
ventral suckers were smooth and not swollen (Fig 7B
and C) and the tegumental infoldings were intact with
visible spines and sensory papillae (Fig 7D). Worms
recoved from infected hamsters treated with chia oil
showed gross morpholoigical changes (Fig 7E) with
blebbing around both the oral and ventral suckers (Fig
7F and G) and profound erosion of the tegument that
exposed the spines (Fig 7H).

*

Control

Praziquantel

Chia oil

Figure 6 Number of active worms recovered from H. taichui infected Syrian hamsters. Control (no treatment), Praziquantel
(25mg/kgBW in a single dose), and Chia oil (100mg/kgBW 3 days). *indicates p <0.05.

Figure7  Tegument surface of adult H. taichui recovered from infected Syrian hamsters: A-D untreated control group; E-H treatment
with chia oil 100mg/kgBW 3 days. Arrows indicate blebbing.

Discussion

The present study showed that oil extract from chia
seed (Salvia hispanica L.) caused tegumental surface
damage to H. taichui. Tegumental changes started with
surface swelling and blebbing and then the disruption
of the blebs led to the formation of lesions and the
tegument beginning to slough off the surface. These
effects were dependent on exposure time and

concentration. The effect of Citrullus colocynthis against
Orthocoelium scoliocoelium (Trematoda: Digenea) was
revealed in a wide-scale deformity in the tegumental
architecture ~with breakage and detachment
(Swarnakar and Kumawat, 2014). The blebbing and
sloughing effects of chia oil on the H. taichui tegument
resembled those of praziquantel, the standard
antihelminthic drug. The aqueous extracts of
Artocarpus takoocha weres found in the anti-helminthic
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activity against Haplorchis taichui by induced numerous
small blebs and disruption of the tegument surface
(Wongsawad et al., 2005). Similarly, after 24 h
incubation with Nigella sativa oil 1 mg/ml, the Fasciola
gigantica tegumental surface became swollen and the
spines appeared sunken (Shalaby et al., 2012).
Praziquantel exerts its anti-helminthic activity by
increasing calcium influx, which causes the muscles of
parasites to contract (Martin ef al., 1997). In the present
study, chia oil appeared to have the opposite effect,
causing the body of the worm to appear stretched,
instead of contracted. It could be that chia oil acts by
activating chloride channels causing muscle cells to
hyperpolarize, which relaxes the muscles and worms
with abnormal tegumental surface are more easily
excreated from hosts (Martin, 1985). H. taichui develop
from metacercariae to adult stage within 7 days
(Sukontason et al., 2001). Therefore, this study chose to
treat after 7 days infection to determine the effect of
chia oil on adult worms. We can conclude that chia oil
has activity against adult H. taichui worms, which is
elicited through damage to the tegument surface.
Based on the current research findings, chia oil can be
considered a promising natural alternative that could
be potentially used in controlling some intestinal
parasite. However, a combined treatment of chia seed
oil and praziquantel will be more effective.
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