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ABSTRACT

Objective: The present study aims at observing the effects of three species of Senna plants, viz. Senna alata, S. alexandrina and S. occidentalis on the
ultrastructure of the mitochondria of the tapeworm, Hymenolepis diminuta.

Methods: Worms were treated with leaf extracts of the three plant species with a standard dose concentration of 40 mg/ml and keeping one group
of parasites in phosphate buffer saline (PBS) as a control. The parasites from control and treated medium were simultaneously removed after the
loss of motility and fixed in 3% gluteraldehyde. They were processed for ultramicrograph observations of the worm’s mitochondria with special
reference to shape and cytoplasm through transmission electron microscopy (TEM).

Results: The study showed loss of architecture in the outer mitochondrial membrane. The inner membrane became distorted with inconspicuous
cristae and matrix became lucent in all plant treated worms compared to control. Amongst the three plants, S. alexandrina showed overall distortion
in the shape leading to bloating of mitochondria.

Conclusion: The observations depict pronounced alterations in the structure of mitochondria, thus signifying depletion of energy synthesis in the
parasite. Senna plant could, therefore, be a potent anthelmintic alternative.
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Helminthiasis is a major disease burden across the globe with severe
infections causing malnutrition, malabsorbition, abdominal pain and
cramping, poor cognitive and physical development in human being
[1, 2]. The degree and prevalence of infections vary with age, sex and
the region of origin of the infection [3]. Anthelmintic drugs have
been shown resistant by few helminth parasites which eventually
led to a search for alternative medicines [4]. Plants with diverse
medicinal properties became the prime focus of research [5]. Several
plants have been used in designing and developing drugs for
combating various infectious diseases.

Senna plant constitutes many species of shrubs and trees, most of which
possess a rich source of secondary metabolites used for medicinal
purposes and also for developing economically sound folklore remedies
[6-8]. Three species of Senna plants viz. Senna alata Linn. Senna
alexandrina Mill. and Senna occidentalis (L.) Link. (Leguminosae) possess
medicinal activities including antidepressant, antianxiety and
antimicrobial [9-11]. These plants showed anthelmintic efficacy on the
tapeworm Hymenolepis diminuta through the tegument disruption [12-
14]. Alteration in the tegument architecture leads to an increase in the
permeability of the membrane followed by an efflux of essential ions
such as Ca?, Na*and K* [15]. The gradual loss of ions due to membrane
permeability is an important clue to the loss of bioactivity of the cell
organelles. All cellular organelles serve their unique function due to
which deprivation from their regular activities could possibly alter the
metabolic backbone of the parasite. Hence the present study aimed at
focussing on the morphology of the mitochondria being the power
generating organelle.

The conventional description of mitochondrial structure derived
from electron microscopic (EM) studies characterized mitochondria
as spherical or short rod structures positioned in various parts of
the cytoplasm [16]. The morphology of mitochondrial membranes
and cristae also varies according to their functional status [17].
Tapeworm inhabiting vertebrate host’s intestine are in dearth of
oxygen but contain an abundance of mitochondria in some cells of H.
diminuta. The latter are located mostly in the basal cytoplasm of the
cuticular zone of the integument [18]. Such variation makes it not

only an important aspect of parasite survival within the host body
but also identifies it as a prime target for drug therapy.

Leaves of S. alata, S. alexandrina and S. occidentalis were collected from
the University campus, as these plants are indigenous to this region.
Each specimen has been identified in earlier studies and voucher
specimen viz. VBSL-1, VBSL-2 and VBSL-3 for S. alata, S. occidentalis and
S. alexandrina respectively, were accorded at Botanical Survey of India,
Kolkata. The leaves were weighed and washed with distilled water and
dried in the oven at 50 °C. They were processed for leaf extract
preparation in Soxhlet apparatus and the final crude extract was
obtained through rotary evaporator following Kundu et al, 2012 [12].
The cestode parasite H. diminuta was used as an experimental model. It
was maintained in the laboratory following the method adopted from
Kundu et al, 2012 [12]. In brief, the gravid proglottids released by the
parasites were collected from rat fecal samples and were fed to starving
flour beetle (Tribolium sp.) for development of larval stage, the
cysticercoids. The latter developed within the gut of the beetle after 10 d
of infection and were later inoculated to adult male Sprague Dawley rat
weighed150-200 grams for development of the adult parasites. H.
diminuta were obtained from the intestine of the rat after 21 d of
infection. All experiments with animals were approved by the
Institutional Animal Ethics Committee (IAEC) of Visva-Bharati University
(IAEC/VB/2017/06).

Rats were sacrificed and parasites were collected from the intestine
in warm phosphate buffer saline (PBS). The worms were kept in
plant extract medium containing standard 40 mg/ml concentration.
of S. alata, S. alexandrina and S. occidentalis in 0.1M PBS with 1%
dimethylsulfoxide (DMSO) [{standardized concentration derived in
earlier studies from our laboratory (11-13)}]. One set of worms was
kept as control with only PBS and DMSO. The parasites were
removed from the treated medium after they lost their motility
which was about 2 h (table 1). They were later washed in PBS and
fixed in primary fixative i.e. 3% glutaraldehyde with two changes
and then kept in the same fixative for 4-24 h. The worms were later
washed in 0.1M cacodylate buffer and processed further for TEM
study following standard method [19] and examined under JEOL
JEM-100 CX-II electron microscope.
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Table 1: Effect of crude leaf extracts of Senna plants on Hymenolepis diminuta

Treatment (40 mg/ml) Paralysis (h) Mortality (h)
Senna alata 1.68+0.06 9.39+0.14
Senna alexandrina 16.65+0.3
Senna occidentalis 20.42+0.21

Each value presented as mean+SD (n=6); Control survived upto 69.22+0.23h (Cited from Kundu et al, 2012, 2015, 2016).

TEM micrographs showed circular mitochondria with the smooth
architectural outer membrane. Prominent cristae were seen as
infoldings in the inner membrane that extend to the sarcoplasm and
dense matrix was observed in the control worms (fig. 1a). However, in
all the plant treatments, mitochondria showed outer membrane
disruption and lucent matrix with distorted inner membrane and
inconspicuous cristae. S. alata showed overall distortion in the outer
membrane of the mitochondria, cristae were displaced but the matrix

remained dense as control (fig. 1b). While in S. alexandrina, both the
outer and inner membrane of mitochondria were disrupted and the
mitochondria became bloated or expanded. Loss of dense matrix in the
sarcoplasm and instead became lucent with indistinguished cristae
(fig. 1c). The worms treated with S. occidentalis showed roughness and
wrinkle like formation in the outer membrane of the mitochondria
with clumped cristae (fig. 1d). From all the three plants S. alexandrina
showed high efficacy against H. diminuta with respect to alteration.

Fig. 1: TEM studies on the mitochondria of H. diminuta: A-Control: showing noticeable mitochondrial membrane (mm), dense matrix (m)
and cristae (c); B-S. alata: indistinct mitochondrial membrane; C-S. alexandrina: showing lucent and indistinct membrane and cristae with
transparent matrix; D-S. occodentalis: exhibiting a wrinkled membrane with alterations in the criatae and loss of density in the matrix

The present study revealed conspicuous ultrastructure deformities
in the mitochondria treated with plant extracts with loss of outer
and inner membrane architecture. Further, bloating of the
mitochondria was also seen, which perhaps could lead to direct
alterations in membrane permeability and potential. A similar
observation was reported in mitochondria when exposed to
chemical agents and phytochemicals [20, 21]. The elongated
conformation of cristae disappears in treated worms. Such
observation was also seen in helminth parasites treated with plant
products [22]. Distortion of the mitochondrial membrane with loss
of cristae was observed in cestode and in trematode, when exposed
to crude extracts and active plant compound [23, 24]. This alteration
may suggest an impediment in energy biosynthesis. Such alteration
may have consequent changes in the electron transport system and
activities of mitochondrial enzymes that remain mostly localized in
the inner mitochondrial membrane and matrix [25]. The present
study thus indicated that the plant possesses vermifugal or
vermicidal activity.
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