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Abstract

Background: The decoction of the roots of Cyperus compressus (Cyperaceae) is used to treat helminth infection by
the Santhal tribe of Assam. The study evaluated the anthelmintic efficacy claims of the plant C. compressus through
pre-clinical in vitro and in vivo studies employing available parasite-animal models such as Hymenolepis diminuta-
Wistar rat (cestode) and Syphacia obvelata-Swiss mice (nematode) models.

Results: Phytochemical analysis revealed the presence of alkaloids, glycosides, reducing sugars, flavonoids,
terpenoids, tannins, and steroids. In vitro studies were conducted employing H. diminuta and S. obvelata. In vitro
studies against H. diminuta revealed mortality of parasites at 8.3 ± 0.05 h at the highest concentration of C.
compressus methanolic root extract (30 mg/ml), whereas reference drug praziquantel (PZQ), showed mortality at
5.84 ± 0.01 h. Against S. obvelata, in the same concentration of the extract, mortality of parasites occurred in a
much later time of 24.13 ± 0.03 h, whereas in the reference drug albendazole (ABZ), the parasites showed mortality
at 7.24 ± 0.08 h. In vivo studies against H. diminuta revealed 61.74% reduction in the eggs per gram (EPG) counts
and 24% reduction in worm counts at the highest dose of 700 mg/kg body weight (b.w.) of plant extract. Against
S. obvelata, at 700 mg/kg b.w., 28.92% and 33.85% reduction in EPG and worm counts were recorded respectively.

Conclusion: Although the reference drugs showed better in vitro and in vivo efficacy, the plant extract showed a better
in vitro efficacy against cestode parasite compared to its nematode counterpart indicating that it possesses a better
cestocidal efficacy. EPG reductions were higher against H. diminuta, whereas worm count reduction was higher against S.
obvelata. The findings justify the use of C. compressus as an anthelmintic in the traditional medicine of the Santhals of India.
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Background
Helminth parasite infections are the most common type
of infections in tropical and sub-tropical regions and affect
the poor and deprived communities [1]. It is estimated
that approximately 1.5 billion people (24% of the world’s
population) are infected with soil-transmitted helminthic
infections worldwide [2]. India contributes about 25% to
the total global cases of helminth infections with 220.6

million children needing preventive chemotherapy [3].
Traditional medicines have been used to treat helminthia-
sis globally [4]. It is the oldest and the most widely used
system of medicine which relies on past experiences and
observations passed from the ancestors to their children
[5]. Although the usage of traditional medicine has in-
creased worldwide, research in this area is inadequate [6].
Several authors have scientifically validated the efficacy of
plants used in traditional medicines to treat helminthiasis
through both in vitro and in vivo studies and have found
them to be efficacious [7, 8].
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C. compressus (Cyperaceae) is a weed widely abundant
in open fields. It is found in tropical Africa, Asia, and the
USA [9]. In India, it is found in the states of Assam, Kerala,
and Punjab [10]. It is commonly called as Mutha by the
Santhal tribe in Assam, India, who have been using the roots
decoction to treat helminthiasis [11]. In addition, the plant is
also used to treat cuts and wounds [12]. Studies reporting
the anthelmintic efficacy of C. compressus are lacking. Most
authors have restricted their study to in vitro efficacy studies
of traditionally used medicinal plants alone [13–15]. The
in vivo efficacy studies on such traditionally used medicinal
plants are scanty. Such plants should be evaluated for efficacy
through both in vitro and in vivo tests in order to be ac-
cepted into scientific medicine [16]. With these as back-
ground, this study aimed to validate the claims of
anthelmintic efficacy of C. compressus using in vitro and
in vivo studies by employing suitable parasite-animal models.

Methods
Plant material
Fresh roots of C. compressus were collected from
fields in Kokrajhar, Assam, India. They were brought
to the laboratory, washed with tap water, shade dried,
powdered, and extracted with methanol. Herbarium of
plant material was made and identified by a plant tax-
onomist from the Department of Botany in the same
institute. It was identified by comparing with existing
specimen and an accession number was assigned. The
herbarium specimen has been deposited in the herb-
arium museum of the Department of Botany and a
copy of the herbarium specimen has also been
retained in the laboratory.

Experimental animals
Swiss albino mice of either sex (25–30 g) were used for
in vivo studies against Syphacia obvelata and Wistar rats
of either sex (150–190 g) of about 7 to 8 weeks were used
for in vivo studies against Hymenolepis diminuta. All the
animals used were procured from the laboratory of the
Department of Zoology. They were inbred and maintained
in separate cages in adequate laboratory conditions at 22
°C ± 3 °C. They had ad libitum access to food and water
and cages were cleaned once daily. Adequate lighting to
maintain 12 h day and 12 h night cycle was provided [17].
Approval and permission to use the animals was obtained
from the Institutional Ethics Committee (IEC) (animal
models). All experiments on laboratory animals were per-
formed strictly according to the IEC and ARRIVE (Animal
Research: Reporting of In Vivo Experiments) guidelines.

Phytochemical analysis
The plant material was subjected to various qualitative
tests to detect the presence of phytochemicals using

standard protocols as described by Trease and Evans
[18] and Sofowora [19].

In vitro anthelmintic study
Test parasites were collected from freshly necropsied ro-
dents. Parasites (n = 5) were placed in three different
concentrations of the extract, namely 10, 20, and 30 mg/
ml in triplicates. Another set of parasites were placed in
reference drug praziquantel (PZQ, 1 mg/ml) in case of
H. diminuta and albendazole (ABZ, 5 mg/ml) in case of
S. obvelata to compare the efficacy and a final set of
worms were placed in phosphate-buffered saline (PBS)
which served as control. Parasites were monitored for
paralysis and mortality at regular intervals and the time
taken for these events to occur were recorded and com-
pared with that of the reference drug [4].

In vivo anthelmintic study
Adult Wistar rats pre-infected with cysticercoids (n = 5)
were used for the in vivo study. Infection was main-
tained in the laboratory by feeding the intermediate host,
Tribolium confusum with gravid segments. Prior to in-
oculation, T. confusum were starved for 48 h and re-
stored to their diet after 72 h. After 28 days, they were
dissected to retrieve the cysticercoids which were then
inoculated to the rats. Establishment of infection was
confirmed by the presence of gravid segments in the
fecal matter after 18–20 days [4]. Against S. obvelata, in-
fection was maintained in laboratory Swiss albino mice,
by placing fecal matter containing eggs in the cages of
uninfected mice. After ingestion, adults develop after a
period of 18–20 days [8]. Animals in which parasite in-
fection was established were used to carry out the study.
Animals were administered three different doses of the

plant extract. Three doses were selected on the basis of
the dose administered by traditional practitioners to
their clients to compare the effects [8]. Accordingly, the
prescribed dose of 350 mg/kg b.w. was taken as the me-
dian dose and two other doses, one exponentially lower
(175 mg/kg b.w.) and one higher were selected (700 mg/
kg b.w.) to compare the effects. One group of animals
received reference drug, PZQ (5 mg/kg b.w.) in case of
cestodes and ABZ (20 mg/kg b.w.) in case of nematodes,
whereas the final group received only the vehicle (phos-
phate-buffered saline) and served as negative control.
Each of the 5 groups comprised of 5 infected animals (n
= 5) and a total of 25 animals were used for each in vivo
study. Animals were dosed once daily in the morning for
5 days [17] and prior to sacrifice, they were euthanized
using chloroform. After the study, the remains of the de-
ceased animals were burnt in an incinerator. Animals
were maintained and handled as per Organization for
Economic Co-operation and Development (OECD)
guidelines [17] and IEC.
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Statistical analysis
Data obtained from the experiments were processed
using OriginPro 8. All the experimental data are rep-
resented as mean ± standard error of mean (SEM). In
vitro tests data were analyzed by Students’ t test and
data from in vivo anthelmintic tests were analyzed by
one-way analysis of variance (ANOVA) followed by
Tukey’s post hoc test for multiple comparisons. p
value ≤ 0.05 was considered to be statistically
significant.

Results
Phytochemical analysis
Phytochemical analysis revealed the presence of alka-
loids, glycosides, reducing sugars, flavonoids, terpenoids,
tannins, and steroids. Others such as saponins,

phlobatannins, and anthraquinones were found to be ab-
sent (Fig. 1).

In vitro anthelmintic study
Exposure to C. compressus methanolic root extract at 10, 20,
and 30 mg/ml concentration showed a concentration-
dependent efficacy against all the test parasites. Against H.
diminuta, at the highest concentration (30 mg/ml), the para-
sites showed mortality at 8.3 ± 0.05 h, whereas in reference
drug PZQ, the parasites showed mortality at 5.84 ± 0.01 h.
Control worms survived up to 40.36 ± 0.14 h (Fig. 2). Against
S. obvelata, the parasites showed mortality at 24.13 ± 0.03,
7.24 ± 0.08, and 33.07 ± 0.05 h at the highest concentration
(30 mg/ml), reference drug ABZ and control respectively
(Fig. 3).

Fig. 1 Phytochemical analysis of C. compressus root. C, control; +, presence; –, absence

Fig. 2 In vitro anthelmintic efficacy of C. compressus methanolic root extract against H. diminuta. Data is expressed as mean ± SEM. *p < 0.0001
compared with control group, Students’ t test
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In vivo anthelmintic study
Effects on cestode, H. diminuta
Administration of C. compressus root extract to the
rats infected with H. diminuta worms showed a sig-
nificant reduction (p < 0.001) in egg per gram of
faeces (EPG) counts and worm recovery rate in a
dose-dependent manner (Table 1). Animals treated
with 700 mg/kg dose of the extract for 5 days (days
21−25 post-inoculation of cysticercoids) showed
61.74% reduction in the EPG counts compared to

the EPG counts of pre-treatment period (days 18
−20). The reduction in worm count was found to be
24%. Animals treated with reference drug PZQ (5
mg/kg b.w.) showed 86.10% and 88% reduction in
EPG and worm counts, respectively. The control ani-
mals showed 1.13% increase in EPG and no change
in worm counts.

Fig. 3 In vitro anthelmintic efficacy of C. compressus methanolic root extract against S. obvelata. Data is expressed as mean ± SEM. *p < 0.0001
compared with control group, Students’ t test

Table 1 In vivo anthelmintic effect of C. compressus methanolic root extract* on adult stages of H. diminuta infection in rats

Treatment
groups
(mg/kg)

EPG (mean ± SEM) Percentage
difference
in EPG (A–B)

Worm count
at necropsy
(mean ± SEM)

Percentage
reduction
in worm
count (%)

Pre-treatment 18–20 days (A) Post-treatment 26–28 days (B)

Control 21676 ± 195.22 21923 ± 26.07 1.13 5.0 ± 0.00 0

Plant extract

175 21652 ± 105.29 14303 ± 110.51ab − 33.94 4.4 ± 0.24 12

350 22663 ± 119.43 12561 ± 122.27ab − 44.57 4.2 ± 0.37 16

700 22583 ± 102.33 8368 ± 192.61ab − 61.74 3.8 ± 0.20 24

Praziquantel

5 22000 ± 221.14 3057 ± 48.26ab − 86.10 0.6 ± 0.24a 88

*Administration of plant extract and praziquantel on days 21−25 post-inoculation with five cysticercoids/rat (n = 5)
ap < 0.001 as compared to control value
bp < 0.001 as compared to pre-treatment, one-way ANOVA, followed by Tukey’s test
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Effects on nematode, S. obvelata
Administration of C. compressus root extract to mice in-
fected with S. obvelata worms showed a decrease in EPG
counts of the treated animals during the post-treatment
period (Table 2). During the first 3 days (pre-treatment
EPG), eggs were detected in the cellophane test of all an-
imals. However, after 5 days of treatment, 28.92% and
33.85% reduction in EPG and worm counts respectively
were recorded for the highest dose. The ABZ-treated an-
imals (20 mg/kg b.w.) showed 75.75% and 91.13% reduc-
tion in EPG and worm counts respectively. The control
animals showed 4.9% increase in EPG post-treatment.

Discussion
Although, several medicinal plants continue to be used
in traditional medicine, scientific data to back up their
efficacy claims are lacking [5]. Plants continue to be used
as components in traditional medicine and other forms
of medicine [20]. A large part of the world still relies on
traditional medicine to treat various ailments. Phyto-
chemicals found in plants are responsible for their vari-
ous effects [5]. The present study revealed the presence
of alkaloids, glycosides, reducing sugars, flavonoids, ter-
penoids, tannins, and steroids. Earlier, Rameshkumar
et al. (2011) reported the presence of about 22 volatile
compounds from the oil obtained from the roots of C.
compressus [21]. Also, a study by Datta et al. (2018) re-
vealed that C. compressus is a rich source of phenolics,
flavonoids, and water-soluble vitamins [22]. A similar
study was reported by Davuluri et al. (2020), where
phytochemical screening of plant extracts revealed the
presence of alkaloids, flavonoids, tannins, saponins, and
amino acids. Also, the plant extract showed a dose-
dependent anthelmintic efficacy and the authors attrib-
uted its efficacy to these phytochemicals [13]. The
in vitro studies in the present experiment showed signifi-
cant efficacy of the extract against H. diminuta. The
plant extract showed a dose-dependent activity against

both the test parasites. The presence of these phyto-
chemicals may be attributed to the observed anthelmin-
tic efficacy of C. compressus.
Efficacy of a plant is confirmed when in vitro studies

are supplemented by in vivo studies [8]. Hence, the
undertaken study has incorporated both the in vitro as
well as in vivo studies. The in vivo studies revealed sig-
nificant efficacy of the extract against both H. diminuta
and S. obvelata. Furthermore, better efficacy was ob-
served against H. diminuta in terms of EPG reduction
which showed 61.74%, whereas reduction in worm
counts was better against S. obvelata which showed
33.85% reduction in worm counts. A similar study by
Gogoi and Yadav (2016) on Caesalpinia bonducella re-
vealed that the extract showed a better efficacy against S.
obvelata, where the highest dose (800 mg/kg) caused
93% reduction of worm load, and 85% worm load reduc-
tion against H. diminuta [8].

Conclusion
Efficacy claims of any medicinal plant should undergo
scientific validations supplemented by both in vitro as
well as in vivo assays in suitable animal models. The
study reported significant in vitro as well as in vivo effi-
cacy of C. compressus against H. diminuta and S. obve-
lata which validates its use as an anthelmintic in the
traditional medicine system of the Santhal tribe in
Assam, India. The results further warrant the isolation
of active component responsible for its efficacy.
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Table 2 In vivo anthelmintic effect of C. compressus methanolic root extract* on S. obvelata in mice

Treatment
groups
(mg/kg)

EPG (mean ± SEM) Percentage
difference
in EPG

Worm count at necropsy Percentage
reduction
in worm
count (%)

Pre-treatment (days 1–3) Post-treatment (days 9–11) Min–Max Mean ± SEM

Control 28.4 ± 0.87 29.8 ± 0.37 4.9 62–114 90.2 ± 9.07 0

Plant extract

175 26 ± 1.58 22 ± 4.19 − 15.38 42–98 68.2 ± 10.35 24.39

350 25 ± 1.94 20.4 ± 3.14 − 18.4 41–92 65.4 ± 10.94 27.49

700 24.2 ± 1.59 17.2 ± 2.98 − 26.61 40–86 59 ± 7.93 33.85

Albendazole

20 26.4 ± 0.50 4.8 ± 0.37ab − 75.75 4–10 8 ± 0.70a 91.13

*Administration of plant extract and albendazole on days 4–8 after pre-treatment EPG (n = 5)
ap < 0.001 as compared to control value
bp < 0.001 as compared to pre-treatment, one-way ANOVA, followed by Tukey’s test
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