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Background: The leaves of Caesalpinia bonducella and Croton joufra are traditionally used anthelmintics by the
Mishing tribe in Assam, India. In vitro studies have shown them to be effective as anthelmintics. This study evaluates
their effects on the tegument of Hymenolepis diminuta (Cestoda) and the cuticle of Syphacia obvelata (Nematoda)
using scanning electron microscopy. The effects were compared with negative control parasites and the one exposed
to reference drugs (positive control). Parasites were collected from freshly necropsied animals and were exposed to
30 mg/ml of the methanolic leaf extract of the two plants. Paralysed worms were then processed for ultrastructural

Results: Adultand juvenile H. diminuta exposed to extracts of both the test plants showed damaged scolex, suck-
ers and altered tegument. S. obvelata treated with C. bonducella showed damaged apical region, closed mouth, and
a damaged cuticle. Worms exposed to C. joufra showed deformations in the apical region with closed mouth, loss of

Conclusions: In conclusion, the findings of this study demonstrate that the extract of these plants acts via a tegu-
mental/cuticular mode. This study also validates the traditional knowledge system of the Mishing tribe in Assam,
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Background

Helminthiasis is a commonly occurring health problem
in developing countries like India, where there is lack of
proper sanitation and open defecation is rampant (Sam-
uel et al., 2017). In India, several communities are known
to use herbal remedies to treat helminthiasis (Deori &
Yadav, 2016; Nath et al.,, 2017; Soren & Yadav, 2021a).
These herbal remedies play a very important role in the
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treatment of various ailments in several cultures across
the globe (Juvatkar & Jadhav, 2021). The Mishings are the
second largest tribes in Assam and are known to inhabit
Lakhimpur, Sonitpur, Dibrugarh, Sibsagar and Jorhat dis-
tricts of Assam (Assam Info, 2020). Individuals of this
tribal community use the leaves of Caesalpinia bondu-
cella (L.) Roxb (Caesalpiniaceae) and Croton joufra Roxb.
(Euphorbiaceae) to treat the intestinal worm infections.
Caesalpinia bonducella commonly known as “fever
nut” is a large prickly shrub found abundantly in India,
Burma and Ceylon (Subbiah et al. 2019). It has been
reported to be used as a medicinal plant in folklore and
Ayurveda (Kannur et al. 2012; Manikandaselvi et al.
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2015). It is known to possess anti-inflammatory, anti-dia-
betic, anti-mitotic, anti-microbial and free radical scav-
enging activities (Subbiah et al. 2019). It has been shown
to be effective against nematodes and cestodes (Gogoi
& Yadav, 2016). C. joufra is a small tree found in India,
Bangladesh, Bhutan, Myanmar and Vietnam. It is also
known to possess anthelmintic activity against cestodes
(Gogoi & Yadav, 2017). It is one of the least studied spe-
cies of the genus Croton.

Ultrastructural studies using scanning electron micros-
copy (SEM) are a widely used method to study the ultra-
structural alterations due to anthelmintics on the body
surface of helminth parasites in extensive detail (de
Oliveira et al. 2012). Since in vitro studies on the effects
of C. bonducella and C. joufra have revealed significant
anthelmintic efficacy compared to reference drugs, this
study was undertaken to investigate the ultrastructural
changes in the parasites exposed to these plant extracts.
It is hoped that the findings of the present study will
assist in evaluating the extent of damages the extract of
these medicinal plants may incur on the surface of test
parasites.

Methods

Plant material

Fresh leaves of the plant were collected from natural hab-
itats, washed and shade dried. They were then powdered
and extracted in methanol using a Soxhlet apparatus.
Herbaria of the plants were submitted to the Depart-
ment of Botany, North-Eastern Hill University (NEHU),
where they were identified by a taxonomist and voucher
numbers were allotted (Caesalpinia bonducella—NEHU-
12034; Croton joufra—NEHU-12035).

Animals and collection of parasites

Animals were procured from the animal room of the
Department of Zoology, NEHU, infected with parasites,
and maintained in the laboratory. H. diminuta (Ces-
toda) infection was maintained in Wistar rats, whereas S.
obvelata (Nematoda) infection was maintained in Swiss
albino mice. All experiments on animals were conducted
strictly with the approval from the Institutional Ethics
Committee (IEC) of animal models, of the institute and
comply with the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines and the International
Guiding Principles for Biomedical Research Involving
Animals. Juvenile and adult H. diminuta were collected
from freshly necropsied infected rats, whereas S. obve-
lata were collected from freshly necropsied infected mice
maintained in the laboratory. Parasites exposed to plant
extracts were placed in petri dishes containing phos-
phate-buffered saline (PBS) inside an incubator at 37 °C.
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Scanning electron microscopy (SEM) studies

SEM was used in order to observe the probable effects of
C. bonducella and C. joufra leaf extracts/reference drugs
on body surfaces of test worms, the adult and juvenile H.
diminuta and S. obvelata. Parasites were placed in trip-
licates in 30 mg/ml concentrations of each of the plants’
methanolic extract dissolved in PBS. Specific concentra-
tions of the doses were already established in previous
studies (Deori & Yadav, 2016; Gogoi & Yadav, 2016). To
compare the effects, parasites were placed in reference
drugs albendazole (5 mg/ml), for nematode and prazi-
quantel (1 mg/ml), for cestode parasites. The paralysed
worms were then fixed in 3% formaldehyde for 4—12 h.
Following fixation, they were washed in 0.1 M phosphate
buffer (pH-7.2) thrice and placed in the same buffer for
30 min. Samples were then dehydrated through acetone
graded series (30%, 50%, 70%, 80%, 90%, 95% and 100%)
for 15 min twice per grade at 4 °C. The worms were then
dried using tetramethylsilane (TMS) (Dey et al. 1989) and
coated with gold—palladium. They were then observed
under JSM-6360 (JEOL) scanning electron microscope
SEM at 15 kV.

Results
Effects of plant extracts on adult Hymenolepis diminuta
Surface topographical observations on H. diminuta con-
trol worms depicted the normal contour of body, with
intact suckers on the scolex and unilateral uniformly
shaped tegument (Fig. 1a, b, ¢). Adult worms treated with
PZQ (1 mg/ml) revealed mild damage of the scolex and
tegument. Suckers appeared closed and erosion of tegu-
ment throughout the body surface was seen (Fig. 1d, e, f).
Compared to the control group, parasites treated with
30 mg/ml of C. bonducella extract showed altered con-
tours throughout the body surface in the form of irreg-
ular architecture, such as wrinkled scolex, withered
suckers, eroded microtriches and distorted tegument
(Fig. 1g, h, 1). Similarly, worms exposed to 30 mg/ml con-
centration of C. joufra extract revealed shrunken scolex
with extensively eroded suckers, irrevocable destruction
of the surface and disruption (Fig. 1j, k, 1).

Effects of plant extract on newly excysted juveniles
of Hymenolepis diminuta
The control juveniles showed intact body architecture,
normal suckers and microtriches (Fig. 2a, b). In contrast,
the worms treated with reference drug PZQ (1 mg/ml)
showed fully altered body architecture, clumped suckers
and the microtriches were poorly visible due to clumping
and disorganization in their structures (Fig. 2c, d).

The juvenile worms exposed to C. bonducella extract at
30 mg/ml concentration showed considerable damages to
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Fig. 1 Scanning electron micrographs of adult H. diminuta. a, b, ¢ Control worms, showing scolex with normal suckers and intact tegument; d, e, f
Worms exposed to PZQ (1 mg/ml), showing distorted suckers, contracted tegumental architecture, but normal microtriches; g, h, i Worms exposed
to C. bonducella extract (30 mg/ml), showing shrunken suckers, eroded microtriches and distorted tegument; j, k, | Worms exposed to C. joufra
extract (30 mg/ml), showing shriveled scolex, shrunken suckers, and irrevocable destruction over the tegumental surface

20pum

the microtriches, shrunken and closed suckers. However,
extensive damaged was not observed in the body archi-
tecture, as compared to the worms treated with reference
drug ABZ (Fig. 2e, f). On the other hand, the juvenile
worms exposed to 30 mg/ml concentration of C. joufra
extract revealed more substantial damages to the over-
all body contour in the form of shrunken body, damaged
sunken suckers and corroded microtriches when com-
pared to the control worms (Fig. 2g, h).

Effects of plant extracts on adult Syphacia obvelata

SEM observations on adult S. obvelata control worms
showed normal anterior region with three lips surround-
ing the mouth opening, provided with cephalic labial
papillae, uniformly distributed striations, and bifurcated,
symmetrically longitudinal septa on the surface (Fig. 3a—
¢). Adult worms exposed to ABZ (5 mg/ml) revealed api-
cal damage with a closed mouth, crumpling of cuticle and
deepening of annulations grooves (Fig. 3d—f).

In contrast, the adult worms treated to C. bonducella
(30 mg/ml) leaf crude extract showed damaged apical
region, closing of mouth, where aggregates of extract
were observed. Also, a partially damaged cuticle, with
visible annulations was noticed, which however, did not
appear to be deeply indented (Fig. 3g—i).

Similarly, worms exposed to C. joufra leaves extract
(30 mg/ml) showed shrinkage and rupture of the apical
region with closing of mouth, loss of cephalic papillae
and distorted lips. Damage to the body architecture was
also observed in the form of shedding of cuticle, damage
to the cuticular striations and annulations with shrunken
body (Fig. 3j-1).

Discussion

In vitro anthelmintic effects of medicinal plants on par-
asites give a better picture of the anthelmintic mode of
action when the activity is supported by SEM. In the
recent time, SEM studies have been carried out by some
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Fig. 2 Scanning electron micrographs of newly excysted juveniles of H. diminuta. a, b Control juvenile, showing intact body contour, suckers

and microtriches; ¢, d Juveniles exposed to PZQ (1 mg/ml), showing distorted body architecture, suckers and clumped microtriches; e, f Juveniles
exposed to C. bonducella extract (30 mg/ml), showing altered body structure, closed suckers and corroded microtriches; g, h Juveniles exposed to C.
Joufra extract (30 mg/ml), showing shrunken altered body structure, damaged sunken suckers, and corroded microtriches

authors to examine the minute changes in the body sur-
face of the parasites due to anthelmintics (Li et al. 2021;
Mrifag et al. 2021). SEM provides important informa-
tion on the body of helminths and helps to understand
the host-parasite relationship, as tegument and cuticle of
helminth parasites have been associated with one of sev-
eral target sites by which the anthelmintic products act
(Kundu et al. 2012). Therefore, any destruction or dam-
age caused to the body surface of parasite due to the
treatment of drug or extract from any medicinal plant
may lead to paralysis and mortality of parasite. Therefore,
in the present in vitro study, at the end of physical motil-
ity test, dead adult and juveniles of H. diminuta and adult
S. obvelata were processed for SEM to analyze the topo-
graphical effects of plants extract on the test parasites.

In SEM study, the control worms revealed a normal
architecture, without any alterations to the surface of
parasites. On the other hand, parasites treated with C.
bonducella extract showed changes in the general topog-
raphy with distortion of tegument, closed and damaged
suckers in the cestode and closed anterior region with
damaged labial papillae, eroded cuticle in nematode.
Parasites treated with the reference drug PZQ and ABZ
implicated similar kind of damages, the changes in the
annulations grooves of nematode parasite might possi-
bly affect the permeability of cuticle. In a similar study,
carried out by Temjenmongla et al. (2015), on the effects

of Psidium guajava and Lasia spinosa extracts on H.
diminuta, an irreversible damage to the tegument and
distortion of suckers was observed. Likewise, Shalaby and
Farag (2014) observed corrugated and wrinkled cuticle
during their study on in vitro effects of Allium sativum
oil on nematode H. contortus. It is likely that the possible
damage to the tegument and cuticle of the worms caused
by the plant extract may bring out trans-tegumental
mode of actions and diminished the motility.

SEM studies on C. joufra extract-treated worms also
revealed shriveled scolex with extensively shrunken and
eroded suckers, irrevocable destruction of the surface
fine topography of the tegument and disruption of mus-
cle in the treated H. diminuta worms. On the other hand,
the juvenile worms exposed to C. joufra extract revealed
more substantial damages to the overall body contour
in the form of shrunken body, damaged sunken suckers
and corroded microtriches when compared to control
worms. Similar changes in the body surface of parasites
have also been reported for several other species of ces-
todes. For example, Kundu et al. (2012) studied in vitro
anthelmintic effects of Cassia alata against H. diminuta
and noticed that plant extract-treated worms possessed
irrevocable destruction all over the general topography
of the body with an extensive damage to the scolex and
the suckers. In case of juvenile worms, similar findings
were also observed by Deori and Yadav (2016), where
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Fig. 3 Scanning electron micrographs of adult S. obveleta. a Control worm in apical view showing three lips with cephalic vesicles, anterior cervical
alae and disposition of sub median cephalic papillae; b, ¢ Control worm representing fine transverse striations in cuticle; d-f worms exposed to
albendazole (5 mg/ml) representing a close cephalic end and distorted tegument; g—i worms exposed to C. bonducella (30 mg/ml) leaves extract
showing damaged apical end and cuticular disruption; j-I worms exposed to C. joufra leaves extract (30 mg/ml) showing damaged apical region

20pm

extract-treated juvenile worms showed a shrunken bod-
ies and substantially damaged suckers and microtriches.

Conclusions

Caesalpinia bonducella and Croton joufra have already
been demonstrated for their in vitro anthelmintic effi-
cacy, and this study further corroborates such biological
activity by showing the ultrastructural damages on ces-
tode and nematode parasites caused by the plant extracts.
Both the plant extracts caused extensive damages to the
parasites, and hence, their use as anthelmintics by the
Mishing tribe of Assam can be scientifically justified.
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