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ARTICLE INFO ABSTRACT

Handling Editor: V Kuete Ethnopharmacology relevance: The plant Typhonium trilobatum has been utilized in traditional medicine for the
treatment of many ailments, including parasitic infections. Recent examinations indicate that the bioactive

Keywords: substances from this plant may have antiparasitic activities against Brugia malayi, which have not been

Brugia malayi determined.

Medicinal plant
Typhonium trilobatum
Antifilarial activity
Toxicity analysis

Purpose: The parasitic nematodes Brugia malayi, Brugia timori, and Wuchereria bancrofti causing lymphatic fila-
riasis, remain a significant challenge to global public health. Given the ongoing nature of this enduring menace,
the current research endeavours to examine the efficacy of an important medicinal plant, Typhonium trilobatum.
Methods: Different extracts of the T. trilobatum tubers were evaluated for their antiparasitic activity. The most
prominent extract was subjected to Gas Chromatography Mass Spectrometry (GC-MS) and High Performance
Liquid Chromatography (HPLC) followed by Column Chromatography for isolating bioactive molecules. The
major compounds were isolated and characterized based on different spectroscopic techniques (FTIR, NMR and
HRMS). Further, the antiparasitic activity of the isolated compounds was evaluated against B. malayi and
compared with clinically used antifilarial drugs like Diethylcarbamazine and Ivermectin.

Results: The methanolic extract of the tuber exhibited significant antiparasitic activity compared to the other
extracts. The bioactive molecules isolated from the crude extract were identified as Linoleic acid and Palmitic
acid. Antiparasitic activity of both the compounds has been performed against B. malayi and compared with
clinically used antifilarial drugs, Ivermectin and DEC. The ICs( value of Linoleic acid was found to be 6.09 +
0.78 pg/ml after 24 h and 4.27 + 0.63 pug/ml after 48 h, whereas for Palmitic acid the value was 12.35 + 1.09
pg/ml after 24 h and 8.79 + 0.94 pg/ml after 48 h. The ICs¢ values of both the molecules were found to be
similar to the standard drug Ivermectin (ICso value of 11.88 + 1.07 pg/ml in 24 h and 2.74 + 0.43 pg/ml in 48
h), and much better compared to the DEC (ICsq values of 194.2 + 2.28 pg/ml in 24 h and 101.8 + 2.06 pg/ml in
48 h). Furthermore, it has been observed that both the crude extracts and the isolated compounds do not exhibit
any detrimental effects on the J774.A.1 macrophage cell line.

Conclusion: The isolation and characterization of bioactive compounds present in the methanolic tuber extract of
Typhonium trilobatum were explored. Moreover, the antimicrofilarial activity of the crude extracts and its two
major compounds were determined using Brugia malayi microfilarial parasites without any significant side
effects.

bancrofti. It is the second leading cause of permanent and long-term

disability worldwide (Molyneux et al. 2003). It is one of the major

1. Introduction health problems in 49 tropical and subtropical countries in Africa, Asia,

South and Central America, and the Pacific Islands. According to the

Lymphatic Filariasis (LF), is a neglected tropical disease caused by World Health Organization’s (Lymphatic filariasis, 2022) global report,
parasitic nematodes e.g. Brugia malayi, Brugia timori, and Wuchereria
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Abbreviations

GC-MS  Gas Chromatography Mass Spectrometry
HPLC High Performance Liquid Chromatography
UV-Vis Ultraviolet-visible spectroscopy

FTIR Fourier transform infrared Spectroscopy

NMR Nuclear Magnetic Resonance spectroscopy
HRMS  High-resolution mass spectrometry

LF Lymphatic Filariasis

WHO World Health Organization

DEC Diethylcarbamazine

IVM Ivermectin

ALB Albendazole
MDA Mass Drug Administration
mf microfilariae

CO, carbon dioxide

FBS Fetal bovine serum

DMSO  Dimethyl sulfoxide

MTT 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide

ICso Half-maximal inhibitory concentration

CCso 50% Cytotoxic concentration

SI Selectivity Index

SD Standard deviation

TTM Typhonium trilobatum methanolic extract

TTE Typhonium trilobatum ethanol extract

TTC Typhonium trilobatum chloroform extract

TTEA Typhonium trilobatum ethyl acetate extract
ANOVA Analysis of variance formula
MA Motility assay

Lymphatic filariasis still threatens 863 million people in 47 countries
around the world. In 2018 nearly 51 million people were infected with
LF as per the reports published by WHO. Moreover, India only con-
tributes 40% of the global filariasis burden (Das et al., 2001). Despite
recent additions to the antifilarial drugs such as Diethylcarbamazine
(DEC), Ivermectin (IVM), and Albendazole (ALB) for the treatment of
Lymphatic filariasis, only temporary microfilaricidal effect has been
reported (Macfarlane et al., 2019). One reason for the poor success is
that all three drugs, DEC, IVM, and ALB are microfilaricidal with
apparently insignificant or no activity on adult parasites (Kalani et al.,
2013; Debrah et al., 2011). As a result, peripheral blood microfilaremia
reappears in patients after a certain period of withdrawal of the drug.
Furthermore, the present drug of choice DEC, Ivermectin, and Alben-
dazole are associated with adverse reactions that affect compliance with
repeated treatment rounds (Cooper et al., 1999). The major side effects
of Ivermectin are fever, pruritus, prostration, and postural hypotension
(Awadzi et al., 1990, Chandler, 2018). Many of these adverse effects are
characterized by progressive neurologic decline and encephalopathy
within a few days of administration of the drug (Twum-Danso and loa,
2003; Chandler, 2018; Tagboto and Orish, 2022). There is evidence
suggesting that extended and recurring administration of Ivermectin is
linked to a higher occurrence of reactivity in allergen skin tests (Endara
et al., 2010). With Albendazole, there have not been many reported
cases of adverse effects due to its intake. However, incidences such as
acute hepatitis in patients with continuous use of this drug have been
reported (Amoruso et al., 2009). The implementation of Mass Drug
Administration (MDA) programs for the widespread distribution of
antifilarial medications has the potential to lead to the rapid develop-
ment and spread of drug-resistant strains, ultimately undermining ef-
forts to eradicate the infection (Cobo, 2016).

For the therapeutic management of LF, there is an urgent need for
characterization of the new lead compounds that should kill both the
microfilariae (mf) and adult worms (macrofilaricidal). Recently, several
investigators reported many new potential antifilarial natural products
isolated from plants or synthesized in the laboratory (Khunkitti et al.,
2000; Lakshmi et al., 2004; Misra et al., 2007; Tripathi et al., 2003;
Kushwaha et al., 2011, Das et al., 2015; Das, 2003, Kushwaha et al.,
2016; Al-Abd et al., 2017; Lakshmi and Bhattacharya, 2018) that have
both microfilaricidal and macrofilaricidal activity against rodent filar-
iids (Tripathi et al., 2000).

Towards this end, we have recently identified a medicinal plant,
Typhonium trilobatum (the tuber is used as a vegetable by the local
communities) having an enormous therapeutic activity like antibacterial
(Kandhasamy and Arunachalam, 2008; Saha et al., 2022), antifungal,
anti-inflammatory, anti-diarrheal activities (Ali et al., 2012), anticancer
(Khalivulla et al., 2019), antidiabetic (Manna et al., 2016). This
prompted us to explore new lead molecules with promising antifilarial

activity that do not cause undesired side effects (may be due to their
edible properties). In this study, we are focusing on the antifilarial ac-
tivity of this important medicinal plant and searching for the lead
bioactive compound for which the plant possesses antifilarial activity.
Herein, we have reported two major compounds of the isolated extract
of the T. trilobatum plant. The compounds were identified and charac-
terized based on their UV, FTIR, NMR, GC-MS, HPLC, and HRMS results.
Subsequently, the isolated compounds were evaluated against B. malayi
and compared with clinically used antifilarial drugs like Diethylcar-
bamazine and Ivermectin.

2. Materials and methods
2.1. Collection of plant material and extraction of phytochemicals

The tubers of the medicinal herb Typhonium trilobatum were collected
from the Gandhamardhan hill located between Bargarh and Balangir
District of Odisha, India. The plant was further identified and authen-
ticated as Typhonium trilobatum L. Schotts by a Taxonomist and a
voucher specimen (RPRC/11402) was deposited at the herbarium of the
Regional Plant Resource Centre, Bhubaneswar. All procedures and plant
material collection were conducted in accordance with local and na-
tional regulations and guidelines. The collected tubers were washed
with running water to clean the soils or any earthy remains. These tubers
were cut into small pieces, washed with water and dried in sunlight for
the removal of water or moisture. The dried material was powdered in a
pulverizer fitted with a mesh size of 1.5 mm. The powdered material was
extracted out in different solvents like chloroform, ethyl acetate,
ethanol, and methanol for 48 h by using the cold percolation method.
The flowchart depicted in Fig. 1 demonstrates the sequential processes
involved in the extraction, identification, and isolation of molecules.
The different extracts were filtered using Whatman filter paper 41 and
the solvents were evaporated using a rotary evaporator (Heidolph rotary
evaporator, Germany). The dried extracts were tested for their in vitro
antiparasitic activity against B. malayi.

2.2. GC-MS analysis of crude extract

The most effective crude extract was selected for GC-MS analysis
(Fig. 2) after being tested in vitro for antiparasitic activity. GCMS anal-
ysis was done on Agilent 8890 coupled with Agilent 5977 MSD mass
spectroscopy. Separation was carried out on an HP-5ms ultra inert
capillary column (30 m x 250 pm x 0.25 pm). The chromatographic
elution was programmed with an initial temperature of 75 °C and hold
time of 0.5 min, then increased to 180 °C at a rate of 5 °C min~! and hold
time of 3 min, then increased to 300 °C at a rate of 5 °C min~" and hold
time of 5 min. The carrier gas was helium with a constant flow of 1.2 ml
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T. trilobatum tuber pulverized into a granular powder

Cold Percolation in different solvents

Methanol Extract Chloroform Extract Ethanol Extract || Ethylacetate Extract
(TTM) (TTC) (TTE) (TTEA)

Antifilarial activity
v

4 v v

Antifilarial activity
Impressive Results

A 4

| GC-MS Profiling Results Not-
Impressive as TTM

Identification of major constituents
(Methyl esters of Linoleic and Palmitic acid)

4

Isolation of the major constituents

Column chromatography
Fraction F001 Fraction F002
v v
Palmitic acid Methyl Linoleate
(Compound 1) (Compound 2)

\ 4

HPLC, NMR & Mass spectroscopy

Fig. 1. Flowchart of extraction, identification, and isolation of bioactive compounds from Typhonium trilobatum. a. Cold percolation was performed for 48 h in
different solvents followed by their antifilarial activity study. b. The antifilarial activity of Methanol extract (TTM) was superior to the other extracts and hence,
selected for further studies. c. Identification of major compounds was performed by GC-MS on an HP-5ms capillary column with helium as carrier gas at a flow rate of
1.2 ml min~! with a temperature gradient from 75 °C to 180 °C at a rate of 5 °C min~* and a hold time of 3 min and from 180 °C to 300 °C at a rate of 5 °C and a hold
time of 5 min. d. Palmitic acid (Compound 1) and Linoleic acid (Compound 2) were isolated by column chromatography using n-hexane: ethyl acetate (80: 20) and
(70 : 30) respectively. e. Structural elucidation of the isolated compounds was confirmed by NMR and Mass spectroscopy whereas, molecular identification was done
with HPLC against their reference substance.
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Fig. 2. GC-MS chromatogram of methanol extract of Typhonium trilobatum tubers. a. Phytochemical screening and identification of the chemical constituents in
methanolic extract of T. trilobatum performed by GC-MS on an HP-5ms ultra inert capillary column with Helium as the carrier gas, flow rate of 1.2 ml min?},
Temperature ramp from 75 °C to 180 °C at a rate of 5 °C min~! and a hold time of 3 min and from 180 °C to 300 °C at a rate of 5 °C and a hold time of 5 min, inlet
temperature: 250 °C and detector temperature: 250 °C. b. Mass transfer line maintained at a temperature of 280 °C and source at 230 °C. c. Processing of the
chromatogram was done with Agilent MassHunter software and identification of the compounds was done with NIST 2020 database.
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min~!. The inlet temperature was set at 250 °C and the detector tem-
perature was set at 250 °C. 1 pl of the sample (500 pg/ml) was injected in
split mode with a split ratio of 15:1 and a solvent delay was opted for 3
min. For MS detection, ions were formed by electron impact at 230 °C
using a mass-selective detector. The transfer line was maintained at 280
°C and masses were scanned in the quadrupole temperature of 150 °C
from m/z 50 to 600 u. The obtained mass spectra were searched based
on their percentage probability, score and reverse score for the identi-
fication of compounds by the NIST 2020 database (MS Search; NIST,
MSS Ltd. Manchester, England).

2.3. Isolation characterization and structure elucidation of molecules

Following in vitro testing for antifilarial efficacy, the crude extract
with the highest efficacy was chosen for further fractionation. Subse-
quently, the isolation of active components was performed by column
chromatography over silica gel (60-120 mesh) using hexanes and ethyl
acetate mixture as eluent. UV and IR spectra of isolated fractions were
recorded with Shimadzu UV-2600i and Bruker Alpha II FTIR spectro-
photometers respectively. 'H NMR and 3C NMR spectra were recorded
on Bruker AVANCE NEO (700 and 175 MHz, respectively) instruments
internally referenced to tetramethylsilane (TMS) or DMSO signals.
Chemical shifts were reported in parts per million and multiplicities are
as indicated: s (singlet), d (doublet), t (triplet), q (quartet), m (multi-
plet), and br (broad). Coupling constants, J, are reported in Hertz. Mass
spectra were measured on UPLC-QTOF (Waters Acquity UPLC-I class
plus) coupled with Waters XEVO G3 time of flight mass detector and
photodiode array detector. All the available reagents and solvents were
of superior grade and were used without further purification. Moreover,
the compounds present in the crude extract were also confirmed through
HPLC analysis (Waters alliance 2695 separation module with 2998
photodiode array detector).

2.4. Maintenance of microfilaria

The live microfilariae of B. malayi were transported by BEI Resource
from the NIH/NIAID Filariasis Research Reagent Resource Centre (FR3;
College of Veterinary Medicine, University of Georgia, U.S.A.). They
were maintained in 75 cm? canted neck cell culture flasks in an incu-
bator at 37 °C with 5% carbon dioxide (CO3) containing 35 mL of RPMI-
1640 supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (Sigma-Aldrich) and amphotericin B (Sigma-
Aldrich). The experiments were planned and carried out on the same day
when B. malayi parasite was received.

2.5. Invitro antifilarial activity of T. trilobatum

2.5.1. Motility assay

The efficacy of the crude extract and isolated molecules on the
viability of mf in vitro was assessed using motility assays (Murthy and
Chatterjee, 1999). Test molecules were dissolved in DMSO and used at a
concentration range of 5-500 pg/ml. Diethylcarbamazine (DEC) and
Ivermectin (IVM) were used as reference compounds. DMSO <0.1% was
used in place of the test agent solution as a control. The viability of the
treated worms was assessed by calculating the percentage inhibition of
the motility of microfilariae over DMSO-treated worms (Murthy and
Chatterjee, 1999). Parasite motility was assessed under a microscope
after 24 h and 48 h of exposure to the test substance. Loss of motility is
defined as the inability of the worms to regain pre-treatment level
motility even after incubating in fresh medium minus the test agent at
37 °C for 25-30 min and was expressed as a percentage (%) of control.
ICsp value was determined as per earlier protocol with slight modifica-
tions (Huber and Koella, 1993) by using GraphPad v 9.5.0, Prism.
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2.5.2. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay for microfilaria viability

The MTT reduction method was used to evaluate the viability of
microfilaria parasites (Comley et al. 1989; Taylor et al. 1996) with slight
modifications. The microfilaria 5 x 10 numbers were seeded in a 96
well culture plate and the treatment was given at an optimized con-
centration of 100 pg/ml of the crude extracts, the isolated compounds
and the standard drugs (DEC and IVM) each in triplicate and incubated
in the CO, incubator at 37 °C, 5% CO- for 48 h. The microfilaria in
<0.1% DMSO and complete media were considered as positive control.
After incubation, the plate was centrifuged and the media was dis-
carded. The pellet was resuspended in 10% MTT solution and incubated
for 4 h at 37 °C. Then the 96 well culture plate was centrifuged with a 96
well plate cell wash centrifuge, washed with PBS, and resuspended with
200 pl of Dimethyl sulphoxide (DMSO). After 1 h of incubation, the
absorbance was measured at 490 nm and the viability of microfilaria
was assessed by the following formula.

(Absorbance of the test sample) — (Absorbance of diluent)
(Absorbance of positive control) — (Absorbance of diluent)

%Viability =

x 100

2.6. Determination of in vitro cytotoxic effect of the extracts and isolated
compounds

The cytotoxicity test of the crude extracts and the isolated com-
pounds was conducted using the methodof Page et al. (1993) with slight
modifications (Nakayama, 1997). Briefly, adherent macrophage cells
J774.A.1) (5 x 10° cells/well) were grown in 96-well tissue culture
plates and exposed to the crude extracts and the isolated molecules
along with reference drugs DEC, IVM (12.5-800 pg/ml) for 48 h. Plates
with a final volume of 100 pl per well were incubated in 5% CO3 at-
mosphere at 37 °C. After 48 h of incubation, 10% of Alamar blue as a
viability indicator was introduced. Further, after 4 h of incubation, the
plates were read in a plate reader (iMark, Biorad) at 570 nm and 600 nm
(reference wavelength) and expressed as a percentage of the cells in the
control after background absorbance was subtracted. The CCso was
estimated using non-linear regression (Adams et al., 2020). In each of
the two independent test, triplicates of the assay were conducted.

The Selectivity Index (SI) of the test samples was computed by the
formula SI=CCs/ICs.

2.7. Statistical analysis

The values were expressed as mean + standard deviation (SD) and
statistical significance in relation to the control group was determined at
a significance level of p < 0.05. The data obtained in this research were
subjected to analysis through the utilization of one-way and two-way
ANOVA, which was subsequently, followed by a posthoc Tukey
Kramer multiple comparison test, utilizing Graph Pad Prism software.
9.5.1.

3. Results

3.1. The chemical composition of crude methanol extract was investigated
by GC-MS

Gas chromatography-mass spectrometry (GC-MS) was used to inves-
tigate the chemical profile (Fig. 2) of the crude methanol extract of
T. trilobatum. Sixteen compounds were identified with an area percentage
of 96.23%, with two major peaks having retention times of 25.36 min and
29.57 min. These compounds were identified as Palmitic acid methyl ester
(22.67%) and Linoleic acid methyl ester (40.53%) respectively. Likewise,
fourteen more compounds were detected i.e. Glycerol, 1-Butanamine, 2-,
methyl-N-(2-methylbutylidene), N-Isopentylideneisopentylamine, Suc-
cinic acid monomethylester,3,5-dihydroxy-6-methyl-2,3-dihydropyran-4-
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one,2,4-Di-tertbutylphenol, a-D-Glucopyranoside methyl, $-D-Glucopyr-
anoside methyl, a-Methyl-D-mannopyranoside, 1,4-diazabicyclo[4.3.0]
nonan-2,5-dione, 3-methyl, Cyclo(L-prolyl-L-valine, 6-Octadecenoic acid
methyl ester, (Z)-, Methyl stearate. The compounds that have been iden-
tified, together with their respective molecular mass, retention time, and
concentration (expressed as peak area percentage), are included in
Table 1.

3.2. Isolation, characterization, and structural elucidation of the two
major compounds isolated from the methanolic crude extract

Isolation of the major compounds in the crude methanolic extract of
T. trilobatum tubers was carried out using column chromatography.
Several fractions were collected in which one major compound was
present in Fraction 001 and another major compound was present in
Fraction 002. The two pure compounds were collected by drying the
eluent in a rotary evaporator.The structure of Compound 1 (Fig. 3 A) and
Compound 2 (Fig. 3 B) was shown in (Fig. 3). Characterizations of the
compounds based on the UV, FT-IR, NMR and Mass spectroscopy are
shown below.

Compound 1 (Palmitic acid) White; UV-Visible: 275 nm (n— =~
transition); FT-IR: vpmay/cm ™" 2923 (-CHs), 2855 (-CH,) 1743 (C=0); 'H
NMR (700 MHz, DMSO-dg): & 0.861 (3H, t), 1.253-1.413 (24H, m),
2.289-2.363 (2H, m), 2.753 (2H,t); 13C NMR (175 MHz, DMSO-dg): &
14.11, 22.70, 24.68,29.07, 29.24, 29.37, 29.44, 29.68, 31.93, 34.10,
180.38; LC-HRMS (m/z): C16H3202: 256.2723.

Compound 2 (Methyl Linoleate) Colourless Liquid; UV-Visible: 234
nm (n— 7* transition); FT-IR: umax/cm ™" 3009 (C=C-H), 2853 (-CH>)
1704 (C=0); 'H NMR (700 MHz, DMSO-dg): 6 0.895 (terminal -CHg, t),
1.202 (-CH; in fatty acid chain, m), 1.873 (-CH; in p-position w.r.t.
carbonylic group, m), 1.988 (-CH; in both sides of olefinic hydrogen, m),
2.159 (-CHy in a-position w.r.t. carbonylic group, t), 2.689 (-CHy
hydrogen of ester, s), 3.287 (-CH; between olefinic hydrogen, t), 4.014

Table 1
GC-MS analysis of crude methanol tuber extract of Typhonium trilobatum.

Sl Retention Compound Name Molecular Area

No. Time (RT) Mass %

1 3.527 Glycerol 92.09 2.31

2 4.684 1-Butanamine, 2-methyl-N-(2- 155.28 0.76
methylbutylidene)-

3 4.832 N-Isopentylideneisopentylamine 155.28 1.32

4 5.805 Succinic acid, monomethyl ester 132.11 0.69

5 6.840 3,5-dihydroxy-6-methyl-2,3- 144.12 0.80
dihydropyran-4-one

6 15.662 2,4-Di-tert-butylphenol 355.32 0.77

7 16.707 a-D-Glucopyranoside, methyl 194.18 5.50

8 17.064 B-D-Glucopyranoside, methyl 194.18 3.34

9 17.784 a-Methyl-D-mannopyranoside 194.18 1.71

10 19.955 1,4-diazabicyclo[4.3.0]nonan- 124.18 2.02
2,5-dione, 3-methyl

11 22.224 Cyclo(L-prolyl-L-valine) 196.25 3.34

12 25.362 Palmitic acid, methyl ester 270.45 22.67

13 26.292 Palmitic acid 256.43 1.85

14 29.573 Linoleic acid, methyl ester 294.47 40.53

15 29.713 6-Octadecenoic acid, methyl ester, 296.49 4.41
(2)-

16 30.321 Methyl stearate 298.50 4.21

Total 96.23

a. GC-MS analysis of crude methanol tuber extract of Typhonium trilobatum was
performed on an HP-5ms ultra inert capillary column with the carrier gas as
Helium at a flow rate of 1.2 ml min~!. The temperature ramping was from 75 °C
to 180 °C at arate of 5 °C min™! and a hold time of 3 min and from 180 °C to 300
°C at a rate of 5 °C and a hold time of 5 min. The inlet temperature: 250 °C and
detector temperature: 250 °C. b. MS transfer line maintained at a temperature of
280 °C and source at 230 °C. c. Processing of the chromatogram was done with
Agilent MassHunter software and identification of the compounds was done
with NIST 2020 database (MS Search; NIST, MSS Ltd. Manchester, England).
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Fig. 3. Structure of the compounds isolated from the Methanol crude tuber
extract of Typhonium trilobatum. A. Palmitic acid was isolated from the Fraction
001 after column chromatography using the eluent as n-hexane: ethyl acetate
(80 : 20). B. Methyl Linoleate (Linoleic acid methyl ester was isolated from
Fraction 002 by column chromatography using the eluent as n-hexane: ethyl
acetate (70 : 30).

(CH,—CH, signals from the fatty acids, m); 3¢ NMR (175 MHz,
DMSO-dg): & 17.63, 20.85, 21.16, 22.77, 28.06, 29.41, 29.83, 30.53,
31.94, 34.79, 48.91, 127.03, 128.63, 129.08, 130.26, 174.26; LC-HRMS
(m/z): [M-H]" for Cy9H3405: 293.1270.

3.3. Confirmation of palmitic acid and linoleic acid by HPLC in the crude
methanolic extract

The utilization of High-Performance Liquid Chromatography (HPLC)
analysis was employed in order to identify the existence of Palmitic acid
and Linoleic acid in the crude methanol tuber extract of T. trilobatum.
The comparison of retention time between the analytes in the sample
and standard solutions was conducted, and the identification of peaks
was accomplished by means of different chromatograms (Fig. 4). The
HPLC study of the crude extract demonstrated the existence of two
prominent peaks of Palmitic acid and Linoleic acid (Fig. 4 A) in the
sample solution at retention times of 22.84 min and 23.26 min,
respectively. It aligned with the chromatograms of the standard solution
of Palmitic acid at the retention time of 22.84 min (Fig. 4 B) and Linoleic
acid at the retention time of 23.37 min (Fig. 4 C) confirming the pres-
ence of both of these compounds in the crude methanolic extract of
T. trilobatum. The peak purity plots of Palmitic acid and Linoleic acid
confirm the purity of both the peaks in the standard and sample chro-
matogram. The peak purity is determined by the purity angle and purity
threshold where the peak angle is less than the purity threshold. It
confirms that, there is no interference of any other peaks at the same
retention time in the standard solution of palmitic acid and linoleic acid
and in the crude sample solution.

3.4. T. trilobatum extracts and pure isolated compounds revealed
antiparasitic activity in motility assay

In the current investigation, we examined the effects of a variety of
solvent extracts of the T. trilobatum tuber such as chloroform, ethyl ac-
etate, ethanol, and methanol. Also the compounds that were isolated
from the methanol crude extract were evaluated. The microfilaricidal
activity of the extracts and isolated compound on B. malayi microfilaria
was assessed through an in vitro motility assay to determine its efficacy.
The percentage motility of microfilaria cultured in the presence and
absence of the plant extracts, isolated molecules, and standard drug
Ivermectin (IVM) and Diethylcarbamazine (DEC) after 24 h (Fig. 5 A)
and 48 h (Fig. 5 B) were compared in a dose-dependent manner (Fig. 5).
From the experimental results shown in Table 2, it was revealed that the
crude methanolic extract (TTM) had a more effective anti-
microfilaricidal activity in vitro, with an ICsy value of 42.21 + 1.81
pg/ml in 24 h and 32.73 + 1.51 pg/ml in 48 h of treatment. For etha-
nolic extract (TTE), it was found that the ICsq value in 24 h was 114.9 +
3.04 pg/ml and in 48 h was 87.21 + 1.94 pg/ml of treatment. In the case
of chloroform extract (TTC), the ICsq value was 195.0 + 2.29 pg/ml and
63.60 + 1.80 pg/ml in 24 and 48 h respectively. Also, in ethyl acetate



S.K. Babu et al.

Journal of Ethnopharmacology 326 (2024) 117858

Palmitic acid

Linoleic acid

Linoleic Acid - 23.263

Palmitic Acid - 22.841

e e B R B S m e m
12.00 14.00 16.00

T T

T T L — T — T T
18.00 20.00 22.00 24.00 26.00 28.00

Minutes

AU

Palmitic acid

Palmitic Acid - 22.840

|
|
i
e~ __“ﬁ;;ﬁ%/_ B

1000 12700 "14'00 "16.00

"18'00 2000 22'00 24’00 26.00 "28.00

Minutes

o
N

[=]
N

AU
e o

o
=]

o
VP PR SRR SUL PRI JUUI, [

Linoleic acid

== Linoleic Acid - 23.369

|
7
|
{

B T
10.00 12.00 14.00 16.00

—T T L —TT
18.00 20.00 22.00

Minutes

Fig. 4. HPLC analysis and peak purity plots for two major compounds Palmitic acid and Linoleic acid in methanol extract of Typhonium trilobatum tuber. (A)
Typhonium trilobatum Crude extract (B) Standard Palmitic acid (C) Standard Linoleic acid. HPLC analysis was performed on a Waters X-Bridge C18 column at a flow
rate of 1.0 ml min~' with 0.1% formic acid in water as mobile phase A and 0.1% formic acid in acetonitrile as mobile phase B in a gradient mode with initial
condition of 60% — 90% B from 0 — 20 min, 90% B from 20 — 25 min, 90% — 60% B from 25 — 25.1 min, 60% B from 25.1 — 35 min and detected at 210 nm. The

column and sample oven temp was kept at 40 °C and 15 °C respectively.

(TTEA) extract, the ICsq value was found to be 77.79 + 1.89 pg/ml in 24
hand 45.11 £+ 1.65 pg/ml in 48 h. The isolated compounds from fraction
F001 (Compound 1- Palmitic acid) inhibited the motility of microfilariae
at different concentrations and had an ICsq value of 12.35 + 1.09 pg/ml
in 24 h and 8.79 + 0.94 pg/ml in 48 h of drug exposure. Similarly, the
most effective isolated compound from fraction FO02 (Compound 2-

Methyl Linoleate) had an ICsq value of 6.09 + 0.78 pug/ml in 24 h and
4.27 £ 0.63 pg/ml in 48 h of drug exposure, whereas in the standard
drug Ivermectin (IVM) the ICs¢ value was 11.88 + 1.07 pg/ml in 24 h
and 2.74 £ 0.43 pg/ml in 48 h of drug treatment. Also in Diethylcar-
bamazine , the IC5q value was 194.23 4+ 2.88in 24 h and 101.3 + 2.01 in
48 h of drug exposure. In comparison to other extracts, it was observed
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Fig. 5. Antifilarial activity of T. trilobatum tuber extracts and isolated compounds against B. malayi microfilaria parasite exposed to T. trilobatum methanol (TTM)
extract, chloroform (TTC) extract, ethanol (TTE) extract, ethyl acetate (TTEA) extract, isolated compound 1, compound 2, Diethylcarbamazine (DEC), and Ivermectin

(IVM) (A) 24 h of treatment (B) 48 h of treatment.

Table 2

Evaluation of in vitro efficacy of T. trilobatum crude extracts and its isolated compounds, as well as the standard drugs Ivermectin and Diethylcarbamazine (DEC), on

microfilariae (mf) of Brugia malayi using motility assay (MA).

Antifilarial agent “ICso “ICso PCCso SI value (24 h) SI value (48 h)
pg/ml (24 h) pg/ml (48 h) pg/ml

TTM 42.21 £1.81 32.73 £1.51 4236 + 3.62 100.37 129.42

TTC 195.0 + 2.29 63.60 + 1.80 1215 + 3.08 6.23 19.10

TTE 114.9 + 3.04 87.21 £ 1.94 772.6 + 2.88 6.72 8.85

TTEA 77.79 £ 1.89 45.11 £ 1.65 1557 + 3.19 20.01 34.51

Compound 1 12.35 + 1.09 (48.19 + 4.25 uM) 8.791 + 0.94 (34.30 £ 3.66 pM) 1017 + 3.00 82.34 111.69

Compound 2 6.09 £+ 0.78 (20.77 + 2.66 pM) 4.27 + 0.63 (14.56 + 3.20 pM) 1218 + 3.08 199.70 285.04

DEC 194.2 + 2.28 (496.14 + 5.82 pM) 101.8 + 2.06 (260.08 + 5.26 pM) 3227 £+ 3.51 16.61 31.69

IVM 11.88 +1.07 (13.57 + 1.22 pM) 2.74 + 0.43 (3.13 + 0.49 uM) 53.21 £1.72 4.47 19.41

Abbreviations: SI- Selectivity Index (CCso/ICsp), TTM- T. trilobatum Methanol extract, TTC- T. trilobatum Chloroform extract, TTE- T. trilobatum Ethanol extract, TTEA-

T. trilobatum Ethyl acetate extract, DEC- Diethylcarbamazine, IVM- Ivermectin.

# ICsp = concentration of the agent at which 50 % inhibition in motility of the parasites is achieved.

b CCso = concentration at which 50 % of cells are killed.

that crude methanol extract and the isolated compounds from it
exhibited greater efficacy in eradicating microfilaria. The isolated
compounds exhibited higher levels of efficacy compared to the con-
ventional drugs DEC and Ivermectin, which are commonly employed for
treating filariasis.

The results of the two-way ANOVA indicated that there was no sta-
tistically significant difference in the mean of the dependent variables
compared to the standard drug IVM, the crude methanol extract and the
isolated molecules i, e. Palmitic acid and Methyl Linoleate (p > 0.9999).
In comparison to the untreated control groups (p < 0.0001), the results
were found to be highly significant, suggesting that the crude methanol
extract and the isolated compounds (Palmitic acid and Methyl Linoleate)
had a similar effect to that of the standard drug Ivermectin and had a
significant impact on microfilaria. Furthermore, a notable interaction
effect was detected between the two ways of drug treatment i,e. treat-
ment in a dose-dependent way and time-dependent way. This indicates
that the influence of the treatment methods and their relevant param-
eters has a significant difference across various degrees of treatment.

3.5. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay for microfilaria viability show antifilarial activity like
standard drug Ivermectin

Microfilaria viability was dramatically decreased when compared to
the control (P < 0.001), suggesting that T. trilobatum crude extracts and
the isolated compounds have a time-dependent effect on microfilarial
worm viability. However, the MTT assay showed a significant reduction
of microfilaria after treating with T. trilobatum methanol crude extract
(TTM), isolated Compound 1 (Palmitic acid) and Compound 2 (Methyl

Linoleate) (Fig. 6). Also, T. trilobatum methanol extract (TTM), ethanol
extract, ethyl acetate extract, chloroform extract, isolated Compound 1
(Palmitic acid), and Compound 2 (Methyl Linoleate) showed a strong
microfilaricidal impact when compared to that of standard drug Dieth-
ylcarbamazine (DEC). It has been observed that, B. malayi microfilaria
was killed when treated with TTM, isolated Compound 1 (Palmitic acid)
and Compound 2 (Methyl Linoleate) after 24 h (Figs. 6 A) and 48 h of
exposure (Fig. 6 B). There was no significant difference in the percentage
viability of microfilaria treated with TTM, Compound 1, Compound 2
and those exposed to the conventional medicine Ivermectin. This finding
prompted us to believe that the drug of choice, T. trilobatum, a medicinal
plant, and the compounds that were isolated from this plant also
possessed significant antifilarial efficacy compared to the gold-standard
treatments.

3.6. Even at significantly higher concentrations, crude extracts and
isolated compounds of T. trilobatum do not demonstrate any cytotoxic

effects

The cytotoxicity test conducted after a 48 h drug exposure indicates
that all the crude T. trilobatum extracts and the isolated compounds did
not elicit any deleterious effects on the cells when treated at elevated
concentrations (Fig. 7) as compared to the untreated control (P <
0.0001). In contrast, the non-linear regression analysis yielded a CCsq
value of 4236 + 3.62 pg/ml in methanol extract (TTM), 1215 + 3.08 pg/
ml in chloroform extract, 772.6 + 2.88 pg/ml in ethanol extract and,
1557 + 3.19 pg/ml in ethyl acetate extract of T. trilobatum. The CCsq
value of 1017 + 3.00 pg/ml and 1218 + 3.08 pg/ml was observed in
isolated Compound 1 (Palmitic acid) and Compound 2 (Methyl
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Fig. 6. The effect on Brugia malayi microfilariae viability (%+SD) as measured by MTT reduction (B. malayi was seeded in 96 well-cultured plates and treated with
100 pg/ml of crude extracts, compound 1, compound 2, standard DEC and standard IVM. It was incubated at 37 °C and 5% CO,, for 24 and 48 h and MTT assay was
conducted. The absorbance was measured at 490 nm and the percentage viability of microfilaria (mf) was calculated and expressed as a percentage of control values -

as ***P < 0.001). (A) 24 h drug treatment (B) 48 h drug treatment.

Linoleate) respectively. The CCso values of 3227 + 3.50 pg/ml and
53.21 + 1.72 pg/ml were observed in the standard drugs DEC and
Ivermectin, respectively. This finding suggests the absence of any
toxicity in the cell line. (Fig. 7, Table 2). The selectivity index (SI) of the
crude extracts and the isolated compounds were observed to be higher as
mentioned in Table 2 for the Brugia malayi microfilaria and in J774.A.1
murine macrophage cell line. In contrast, the SI value of the standard
drugs in this particular cell line demonstrated a notable increase; this
suggests that the crude extracts and the isolated compounds of
T. trilobatum plant tuber did not exhibit cytotoxic properties.

4. Discussion

Typhonium trilobatum tuber is used in many Ayurveda formulations
as a major component for the treatment of Lymphatic filariasis (P. Das,
WO Pat., WO, 2011/145105 A3, 2011, Sangshetti et al., 2017). In this
study, we validated this antifilarial claim of T. trilobatum by exploring
the active components of this medicinal plant and those responsible for
its antifilarial activity. Here, we performed an in vitro assessment of the
T. trilobatum tuber extracts in different solvents and the isolated major
compounds from the active extract for their antifilarial activity and
cytotoxicity study. These isolated compounds were screened for their
antifilarial activity against B. malayi microfilaria and compared with the
standard drugs Ivermectin and Diethylcarbamazine. We performed the
cytotoxicity study of the crude extracts and the isolated major com-
pounds on the macrophage cell line (J774.A.1). The macrophage cell
line (J774.A.1) was used in the toxicity study due to their characteristic
features similar to human macrophage cells (Lemaire et al., 2014). Their
phagocytic nature and ability to respond to various stimuli make them
valuable for studying immune response and toxicity effects providing
insights into potential hazards of substances on immune cells. We also
described and elucidated the structure of the isolated bioactive mole-
cules, by various spectroscopic techniques like UV, FT-IR, NMR, and
mass spectrometry.

In the current investigation, it was observed that the methanol
extract (TTM), revealed higher antiparasitic activity compared to other
crude extracts i.e. ethyl acetate (TTEA), chloroform (TTC), and ethanol

(TTE). Further, the isolated Compound 1 (Palmitic acid), and Compound
2 (Methyl Linoleate) exhibited significant activity compared to the crude
extracts and the reference standard drug DEC and IVM.

In the crude methanolic extract, both Linoleic acid and Palmitic acid
were present in high concentration, and both synergistically showed
inhibitory action on microfilaria. As per the GC-MS data, the compound
with the highest concentration, precisely 40.53%, (Table 1) was iden-
tified as the methyl ester of Linoleic acid, commonly referred to as
Methyl Linoleate, which is a process derivative of Linoleic acid. Recent
studies have consistently found that Linoleic acid is the predominant
component exhibiting strong nematocidal activity (Panda et al., 2020).
The presence of Linoleic acid, a potent bioactive compound, in the fruit
Holigarna caustic showed strong nematocidal activity against Caeno-
rhabditis elegans (C. elegans) with an ICsg value of 0.2 pg/ml. Our in vitro
assessment reveals that the isolated compound Linoleic acid, methyl
ester (Methyl linoleate) has a significant ICsy value against human
filarial parasite B. malayii.e. 6.09 + 0.78 pg/ml in 24 h and 4.27 + 0.63
pg/ml in 48 h (Fig. 5, Table 2). It also exhibited remarkable inhibition,
surpassing the standard medication DEC and demonstrating comparable
inhibition to IVM (Fig. 6), without any harmful side effects to the murine
macrophage cell line J774.A.1 (CCso: 1218 + 3.08 pg/ml, SI: 285.04)
even at high concentrations (Fig. 7).

Another major compound that was isolated from T. trilobatum
methanolic extract is Palmitic acid, which demonstrated significant
nematocidal activity and was also identified by GC-MS as Palmitic acid,
methyl ester (22.67%, Table 1) which is a process derivative of Palmitic
acid. Several studies have revealed that certain fatty acids, namely
pentadecanoic acid, palmitic acid, palmitic acid methyl ester, p-sitos-
terol, stearic acid, and linoleic acid, exhibit nematocidal activity against
Haemonchus contortus, a hematophagous gastrointestinal nematode and
on C. elegans (Pineda-Alegria et al., 2020; Machado et al., 2015). In our
investigation, the isolated Palmitic acid from the T. trilobatum meth-
anolic extract showed remarkable antifilarial activity against the human
filarial worm B. malayi with an ICsy value of 12.35 + 1.09 pg/ml and
8.791 + 0.94 pg/ml in 24 h and 48 h, respectively (Fig. 5, Table 1).
Having no side effect to the macrophage cell line J774.A.1 (CC5¢:1017
+ 3.00 pg/ml, SI: 111.69) which are shown -characteristics of



S.K. Babu et al.

>

-

5]

o
|

100 = ¥
80 —
60 =
40—

20—

Cell Viability (% Control)
Cell Viability (% Control)

12,5 25 50 100 200 400 800

Concentration(pg/ml)

D E

=120+
g =
] =
-] =]
o =
- 8
£ o
; =
P
= i
- Al
= 2
1 =
&

o

12.525 50 100200400800

Concentration(pug/mil)

Cell Viability (% Control)
3
|

Concentration(pg/ml)

125 25 50 100 200 400 800

Concentration{png/ml)

125 25 50 100 200 400 800

Concentration(pug/ml)

12.5 25 50 100200 400 800

Journal of Ethnopharmacology 326 (2024) 117858

&3

-
N
(=]
]

Cell Viahility (% Control)

12.5 25 50 100 200 400 800

Concentration(pug/ml)

Cell Viability (% Control)

12§ 25 50 100 200 400 800

Concentration(ug/ml)

H

120

Cell Viability (% Control)

12.5 25 50 100 200 400 800

Concentration{pg/ml)
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macrophages found in the human body (Fig. 7).

Several plants and their isolated compounds (Kushwaha et al. 2019;
Lakshmi et al., 2004; Misra et al., 2011) as well as synthetic derivatives
(Sashidhara et al., 2014; Al-Abd et al., 2017) have been reported as
antifilarial agents. In this study, we have successfully verified the exis-
tence of Linoleic acid and Palmitic acid in the crude methanol extract by
gas chromatography-mass spectrometry (GC-MS) and high performance
liquid chromatography (HPLC) analysis. HPLC analysis was carried out
as an additional confirmation for the presence of Palmitic acid and
Linoleic acid in the crude methanol extract using their respective
reference standards. A purity plot for the peaks of Palmitic acid and
Linoleic acid in standard and sample solutions were plotted which sig-
nifies no interference of any other peaks was observed at their specific
retention time. Previously, it has been reported that fatty acids have
significant activity against the nematodes. For an example, Pleurotus
djamor, an edible mushroom contains p-sitosterol and various fatty acids
which exhibit anthelmintic activity (Pineda-Alegria et al., 2017).
Further, the standard drug Ivermectin showed cytotoxicity in the
macrophage cell line (J774.A.1) when treated at a higher concentration
while the crude extracts and the isolated compounds did not show any
cytotoxicity when treated at the same concentration. As per the

published scientific reports, Ivermectin showed cytotoxicity at a con-
centration greater than 100 pg/ml (Azeem et al., 2015).

The non-toxic effects of Linoleic acid and Palmitic acid on a
macrophage cell line (J774.A.1), significantly comprehend the safety
characteristics of these essential fatty acids under different experimental
conditions. Linoleic acid, an omega-6 polyunsaturated fatty acid is an
essential nutrient required for various cellular processes (Kaur et al.,
2014, Djuricic and Calder, 2021) and Palmitic acid, a saturated fatty
acid, has a crucial function in the formation and functionality of cell
membranes, verifying the absence of toxicity in cell lines when exposed
to moderate doses (Lima et al., 2002).

5. Conclusions

The identification, isolation and characterization of the major
bioactive compounds present in the methanol tuber extract of Typho-
nium trilobatum was performed. Further, we have determined the anti-
microfilarial activity of the crude extracts and the two isolated major
compounds from methanolic extract against Brugia malayi microfilariae
parasites. The crude extracts and the isolated compounds showed no
signs of cytotoxicity in the in vitro cell line study. The antimicrofilarial
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activity was found to be better compared to standard conventional drugs
used in the treatment of lymphatic filariasis like DEC and Ivermectin.
Since the standard drugs DEC and Ivermectin have some undesirable
side effects, the methanolic extract of T. trilobatum tubers and the two
bioactive compounds isolated from it could be preferred for the treat-
ment of lymphatic filariasis. Overall we concluded that Typhonium tri-
lobatum could be an useful resource for the exploration of different novel
bioactive compounds that could be useful in targeting nematode para-
sites. Further, validation of the major compounds present in the tuber
extract of this plant requires investigations into their mechanism of
action, preclinical evaluation, and evaluation of their synergistic po-
tential with the currently marketed anti-filarial medicines.
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