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Bioassay guided fractionation of ethanolic extract of the leaves of Bauhinia racemosa led to the isolation of
galactolipid and catechin class of the compounds (1e7) from the most active n-butanol fraction (F4).
Among the active galactolipids, 1 emerged as the lead molecule which was active on both forms of
lymphatic filarial parasite, Brugia malayi. It was found to be better than the standard drug ivermectin and
diethylcarbamazine (DEC) in terms of dose and efficacy.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction

Lymphatic filariasis (LF) is one of the neglected mosquito-borne
tropical diseases. It is endemic in 81 countries putting 1.2 billion
people at risk globally with an estimated 120 million infected [1].
The filarial nematode Wuchereria bancrofti, accounts for 91% of LF
infections while Brugia malayi and Brugia timori are responsible for
the remaining 9% in South and Southeast Asia. These lymphatic
dwelling parasites cause damage to the lymphatic system leading
to the clinical symptoms such as lymphedema, elephantiasis and
hydrocele. LF is the second largest cause of permanent and long
term disability [2,3].

The Global Programme to Eliminate Lymphatic Filariasis (GPELF)
was established in 1999 with the objective of interrupting trans-
mission of the parasites in all endemic countries by 2020 through
annual mass drug administration (MDA) with diethylcarbamazine
or ivermectin monotherapy, or either drug in combination with
albendazole [4]. Current drugs used for MDA implementation by
national programmes are mainly microfilaricidal and are effective
in reducing microfilariae (mf) counts but not effective in killing
s”.
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adult worms. Besides this, adverse reactions may occur following
treatment, thus their use is crippled and needs to be replaced with
some more effective treatment regime which could be effective on
both forms (adult and mf) of parasite.

Medicinal plants have been used as therapeutic aid for allevi-
ating human ailments from vedic age [5] and still provide ingre-
dients for formulations of new medicines in pharmaceutical
industry. In fact, WHO has listed over 21,000 plant species to be of
medicinal use around the world. More than 60% of the world’s
human population relies on plant medicine for primary health-care
needs [6]. The previous work on medicinal plants like Butea mon-
osperma and Aegle marmelos showed significant antifilarial activity
against B. malayi microfilariae [7], Caesalpinia bonducella showed
microfilaricidal and female-sterilizing efficacy against B. malayi in
animal models [8], extracts prepared from Carapa procera, Poly-
althia suaveolens and Pachypodanthium staudtii exhibited micro-
filaricidal activity on Onchocerca volvulus [9] and recently fruit
extract of Xylocarpus granatum exhibited promising in vitro and
in vivo antifilarial activity against human lymphatic filarial parasite,
B. malayi which could be attributed to the presence of two pure
compounds gedunin and photogedunin [10].

Bauhinia racemosa Lam. belongs to family Caesalpinaeceae
popularly known as ‘Kachnal’ (Hindi). It is a small deciduous tree
widely distributed throughout the tropics including India, Ceylon,
China and Timor. The stem bark of the plant has been used tradi-
tionally for diarrhea, dysentery and as an astringent while the
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decoction of the leaves was utilized as the remedy for malaria and
headache [11]. The alcoholic extract of the leaves showed different
degrees of anti-inflammatory, analgesic, antipyretic as well as
antispasmodic properties [12]. In another study, the methanolic
extract of the stem bark exhibited strong free radical scavenging,
antimicrobial and antitumor activity [13,14]. Fresh flower buds of
this plant had shown inhibition of ulcer formation [15]. Cytotoxicity
against CA-9 KB in cell culture, hypotensive and hypothermic
activities were also reported from the hydroalcoholic extract of this
plant [16]. As a part of our continuing efforts directed toward the
unearthing of the structurally interesting and biologically prom-
ising molecules from the Indian medicinal plants, the ethanolic
extract of the leaves of B. racemosa was taken up to assess its
antifilarial activity against B. malayi followed by bioassay guided
fractionation, isolation of the phytoconstituents and identification
of the lead molecule/s from the active fraction. This is the first
report on the antifilarial effects of this plant.

2. Results and discussion

Previous phytochemical investigation showed the presence of
polycyclic phenolics from heartwood [17,18], flavonoids from leaves
[19], triterpenoids and sterols from stem bark of B. racemosa [20],
but none of the constituents have ever been identified to establish
their various bioactivities. In the present study, we have established
the antifilarial activity in the leaves of the plant and also identified
the lead molecule among the various phytoconstituents isolated
from the active sub-fraction. To the best of our knowledge the
isolated phytoconstituents 1e8 from the leaves of B. racemosa have
never been tested against filarial parasite.

2.1. Antifilarial activity of the plant

In the preliminary study, the crude ethanolic extract (F1)
showed 80% reduction in the motility of the adult filarial parasite,
B. malayi in vitro. Though the worm did not show 100% reduction
in the motility, however, it was paralyzed and only a small part
of it sometimes showed slight and sluggish movement. This
prompted us to fractionate ethanolic extract (F1) into n-hexane
(F2), chloroform (F3) and n-butanol fraction (F4) to find out the
locus of activity. They were subjected to in vitro antifilarial assays
and it was found that only n-butanol fraction (F4) showed
promising adulticidal (IC50 5.46 mg/mL) and microfilaricidal (IC50
4.89 mg/mL) activity with Minimum Inhibitory Concentration
Fig. 1. Chemical structure of the isolated com
(MIC) of 15.6 mg/mL while others were found inactive. The results
thus revealed that the active constituents were mainly concen-
trated in the n-butanol fraction.
2.2. Isolation of the active constituents from n-butanol fraction (F4)

With the objective to identify the constituents responsible for
the activity, sub-fraction F4 was purified using successive column
chromatographic separations on normal phase silica gel and
reverse phase silica gel; and gel filtration over sephadex LH20 was
also utilized to obtain seven constituents 1e7 in their pure forms
(Fig. 1). Two classes of compounds (galactolipid and catechin)
were identified from the active fraction. Galactolipids were char-
acterized as (2S)-1, 2-di-O-linolenoyl-3-O-a-galactopyranosyl-
(1/6)-O-b-galactopyranosyl glycerol (1), (2S)-1-O-linolenoyl-2-
O-palmitoyl-3-O-a-galactopyranosyl-(1/6)-O-b-galactopyranosyl
glycerol (2) and (2S)-1-O-oleoyl-2-O-palmitoyl-3-O-a-galactopyr-
anosyl-(1/6)-O-b-galactopyranosyl glycerol (3), whereas cate-
chins were characterized as (�)-epiafzelechin (4), (�)-epicatechin
(6) and (�)-catechin (7) together with protocatechuic acid (5). The
identity of the compounds and their structure elucidations were
accomplished with the help of extensive 1D and 2D NMR and
other spectroscopic tools. The absorption bands observed at 3383
and 1733 cm�1 in the IR spectrum indicated the presence of
hydroxyl and ester functions, while 1H and 13C NMR spectra of 1
showed signals at dH 4.44 (1H, dd, 12.0, 2.8), 5.26 (1H, m), 4.25 (1H,
d, 6.8), 4.88(1H, d, 3.4) and dC at 64.0, 71.7, 68.7, 105.2, 100.6, 174.9,
174.6 which were characteristically attributable to a digalactosyl
diacylglycerol. ESI-MS showed molecular ion at m/z 959 [MþNa]þ

and a fragment ion peak at m/z 613 [M� 323]þ confirmed the
molecular formula. The identification of fatty acid residue and the
sugar moiety was achieved by characterization of the fatty acid
obtained by alkaline hydrolysis with NaOMeeMeOH and D-galac-
tose obtained by acidic hydrolysis. The configuration at C-2 was
assigned to be ‘S’ on the basis of specific rotation studies. Further
the detailed study of 1He1H COSY, HSQC and HMBC spectra
coupled with mass spectral analysis and their comparisonwith the
reported literature values established the structure of active gal-
actolipid 1 [21,22]. Spectral analysis of 2 and 3 showed structural
similarities with 1 but displayed characteristic differences in their
fatty acid residues, thus were characterized accordingly (Please
refer to Supplementary data). Although 3 has been synthesized
and isolated previously but its complete peak assignment could
not be found in the literature thus it has been presented in Table 1.
pounds from the leaves of B. racemosa.



Table 1
1H and 13C NMR assignment of the galactolipid 3.a

Position Chemical shift dC Multiplicity Chemical shift dH (J in Hz)

1 64.0 CH2 4.44, dd (12.0, 2.6)
4.21, fused

2 71.7 CH 5.26, m
3 68.7 CH2 3.94, m

3.75, m
10; 100 105.3; 100.6 CH; CH 4.26, d (6.7); 4.88, merged
20; 200 72.5; 72.4 CH; CH 3.52, m; 3.85, m
30; 300 74.6; 71.4 CH; CH 3.52, m; 3.77, m
40; 400 70.0; 71.1 CH; CH 3.89, m; 3.91, m
50; 500 74.5; 70.2 CH; CH 3.76, m; 3.77, m
60; 600 67.7; 62.8 CH2; CH2 3.91, m; 3.74, m

3.69, m
1000; 10000 175.0; 174.6 qC; qC e

2000; 20000 35.1; 35.0 CH2; CH2 2.34, td (7.3, 4.2) for both
3000; 30000 26.0; 26.0 CH2; CH2 1.62, br s for both
4000e13000 30.2e30.8 CH2 1.30, br s
40000e70000

120000e150000

14000; 160000 33.1; 33.1 CH2 1.30, br s for both
15000; 170000 23.8; 23.8 CH2 1.30, br s for both
16000; 180000 14.5; 14.5 CH2 0.92, t (6.3) for both
80000 28.2 CH2 2.06, m
90000 130.9 CH 5.36, m
100000 130.8 CH 5.36, m
110000 28.2 CH2 2.06, m

a The spectra were recorded in CD3OD at 300 MHz (1H NMR) and 75 MHz (13C
NMR) and multiplicity was determined by DEPT experiments.

Table 2
In vitro antifilarial activity of the fraction F4 and galactolipids 1e3 against adult and
microfilariae of B. malayi.a

Test samples Adult Microfilariae CC50

MIC IC50 SI MIC IC50 SI

Fraction F4 15.6 5.46 >18.31 15.6 4.89 >20.45 >100
1 3.9 1.25 >80 15.6 1.607 >62.23 >100
2 Inactive e e 31.25 2.7 >37.03 >100
3 Inactive e e 31.25 1.05 >95.24 >100
8 Inactive e e 31.25 3.26 >30.67 >100
Ivermectin 7.8 1.61 >62.11 125 3.62 >27.62 52.84
DEC Inactive e e Inactive e e e

a MIC, IC50 and CC50 values are in mg/mL.
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Selected 1He1H COSY and 1H to 13C correlations (HMBC) helped in
confirming the bond connectivities and the overall structure of
galactolipid 3 (Fig. 2). Similarly, compounds 4e7 were character-
ized; optical rotations, splitting pattern and coupling constant ‘J’
values helped in assigning the configuration at stereo-centers
[23,24]. It is noteworthy to mention that compounds 1e4 are
first time reported from this genus ‘Bauhinia’.

2.3. In vitro screening of the isolated compounds

Galactolipids such as monogalactosyl diacylglycerol (MGDG)
and digalactosyl diacylglycerol (DGDG) are major constituents of
the chloroplast membrane in plant kingdom. Their occurrence and
distribution is an area of intense interest and investigation due to
their various biological functions such as antitumor promoting
activity, DNA polymerase inhibition, hemolytic activity, antiviral,
anti-inflammatory, antimicrobial and anti-hyperlipidemic activities
[25e27]. The isolated compounds were subjected to the in vitro
testing against both forms (adult and mf) of B. malayi. The
comprehensive results have been summarized in Table 2. Gal-
actolipid 1 was found to be the most active of all the tested
compounds which showed significant inhibition in the motility of
both adult and mf, and also in the viability of adult worm. It killed
Fig. 2. Selected 1He1H COSY and HMBC correlations of compound 3.
adult (MIC 3.9 mg/mL) as well as mf (MIC 15.6 mg/mL) with IC50
values 1.25 and 1.61 mg/mL respectively. Galactolipids 2 and 3 were
not equally active as 1 on adults as they brought only 50% inhibition
in motility at 31.25 mg/mL but they killed mf (MIC 31.25 mg/mL),
revealing IC50 values of 2.70 and 1.05 mg/mL, respectively. Rest of
the tested compounds appeared inactive as they showed only
50e60% inhibition in parasite motility at 31.25 mg/mL. The standard
drug ivermectin killed adult worms (MIC 7.8 mg/mL) with IC50 of
1.61 mg/mL and mf (MIC 125 mg/mL) with an IC50 of 3.62 mg/mL. The
other standard drug diethyl carbamazine (DEC) was found inactive
against both. From these results it was clear that only the gal-
actolipids were active against filarial parasite while catechins
appeared inactive. Further, 1 was found to be the most active
compound against adult worms and 3 was the most active against
mf among all. It is noteworthy that galactolipids 1e3were found to
be effective and superior to the standard drug ivermectin in the
in vitro assays. To check the role of long chain fatty acid in the
activity, another compound 8, a long chain fatty acid alcohol, which
was isolated from chloroform fraction F3 (isolation not discussed
here), was tested in vitro along with these compounds, it was
inactive against adult worm but killed mf (MIC 31.25 mg/mL) with
IC50 of 3.26 mg/mL . This suggested that the lipid part (side chain) of
the galactolipids modulate the bioactivity. The detailed in vitro data
has been presented in Table 3. All the active compoundswere found
safe in cytotoxicity assay on vero cell line (Selectivity Index (SI) for
the tested compounds was found to be more than 20) and were
further evaluated in vivo in primary screening model.

2.4. In vivo screening of the active compounds

The active sub-fraction F4 was evaluated in vivo in primary
screen (adult B. malayi i.p. transplanted jird) model at 100 mg/kg
subcutaneously for five days and exhibited 23.33� 8.8% adulticidal
activity which was even less than DEC (30.5�7.35%) at the same
dose. Subsequently, active compounds from n-butanol fraction F4
were evaluated in vivo in the same primary screening model intra-
peritoneally (i.p.) for five consecutive days at the dose of 50 mg/kg.
The galactolipid 1 brought about 58.3� 8.33% (P< 0.01) adultworm
mortality, galactolipid 2 showed 45.8� 4.2% (P< 0.05) mortality,
galactolipid 3 brought about 54.15� 4.15% (P< 0.01) mortality
and long chain fatty acid alcohol 8 demonstrated 49.95� 8.35%
(P< 0.05) adulticidal activity over control. The complete results
have been summarized in Table 4. Although 2, 3 and 8 were not
effective on adult worms in in vitro assays but they brought signif-
icant adult worm mortality in vivo. Galactolipid 1 was found to be
the most active compound with highest adult parasite mortality.

3. Conclusion

B. racemosa is a medicinal deciduous plant being traditionally
used against various diseases and ailments, its stem and bark have



Table 3
In vitro motility scoring and MTT assay results of the fractions and constituents 1e8
against adult and microfilariae of B. malayi.

Test samples Conc.
(mg/mL)

% Inhibitiona

Motility of
adult worm

MTT reduction
over control

Motility of
microfilariae

Fraction F1 31.25 80 (1þ) 42.00 70 (2þ)
Fraction F2 31.25 30 (3þ) 31.30 50 (2þ)
Fraction F3 31.25 40 (3þ) 10.40 40 (3þ)
Fraction F4 31.25 100 (D) 75.00 100 (D)

15.6 100 (D) 54.00 100 (D)
7.8 60 (2þ) 40.00 70 (2þ)
3.9 50 (2þ) 35.02 55 (2þ)
1.9 50 (2þ) 20.80 50 (2þ)

1 31.25 100 (D) 82.9 100 (D)
15.6 100 (D) 75.0 100 (D)
7.8 100 (D) 61.8 99 (1þ)
3.9 100 (D) 52.1 95 (1þ)
1.9 90 (1þ) 43.6 60 (2þ)

2 31.25 50 (2þ) 30.0 100 (D)
15.6 inactive 0.0 95 (1þ)
7.8 inactive 0.0 90 (1þ)
3.9 inactive 0.0 70 (2þ)

3 31.25 50 (2þ) 24.6 100(D)
15.6 inactive 0.0 99 (1þ)
7.8 inactive 0.0 90 (1þ)
3.9 inactive 0.0 80 (1þ)

4 31.25 50 (2þ) 14.8 59 (2þ)
5 31.25 50 (2þ) 20.6 60 (2þ)
6 31.25 50 (2þ) 34.8 50 (2þ)
7 31.25 60 (2þ) 43.2 60 (2þ)
8 31.25 50 (2þ) 32.6 100 (D)

15.6 inactive 0.0 95 (1þ)
7.8 inactive 0.0 85 (1þ)

Control e 00 (4þ) e 4þ
a Values in parenthesis are motility scores: 4þ, 0%; 3þ, 1e49%; 2þ, 50e74%; 1þ,

75e99%; D, 100%.

K.V. Sashidhara et al. / European Journal of Medicinal Chemistry 50 (2012) 230e235 233
a great medical significance whereas leaves have also shown
various pharmacological activities. Standard drugs ivermectin as
well as DEC reduce the mf burden of the patients and are not so
much effective against the adult B. malayi worms [28]. GPELF, an
effort made by WHO against LF is also facing problem since the
drugs administered in MDA programme have been found to exhibit
adverse local as well as systemic reactions in many cases [29].
Unavailability of vaccines as well as the pressure of increased risk of
development of drug resistant worms urge for an urgent need of
excavating the drugs effective against the LF parasite. Thus, in the
light of above facts we have used the B. racemosa leaves; extracted
and fractionated them to get their purified forms and analyzed
their antifilarial activities against LF parasites (adult female worm
and mf). Bioassay guided fractionation of the ethanolic extract (F1)
of the leaves of B. racemosa afforded n-hexane (F2), chloroform (F3)
Table 4
In vivo antifilarial efficacy of the active fraction and galactolipids 1e3 against B. malayi i.

Test samples Dose (mg/kg)a Mean number of adults recovered

Male female

Fraction F4 100, s.c.� 5 days 3.6 4.0
DEC 100, s.c.� 5 days 02 6.33
Control 1 e 2.67 7.33
1 50, i.p.� 5 days 02 03
2 50, i.p.� 5 days 03 4.5
3 50, i.p.� 5 days 02 3.5
8 50, i.p.� 5 days 03 03
Control 2 e 03 09

*P< 0.05 is low significant, **P< 0.01 is highly significant.
a Each group consisted of 5 animals.
b Mean� SE.
and n-butanol fraction (F4), among them only F4 was found to
possess in vitro antifilarial activity which was further purified to
obtain seven phytoconstituents (galactolipids and catechins, 1e7).
The in vitro and in vivo assays against LF parasite, B. malayi led to
the discovery of antifilarial activity in the leaves of plant and gal-
actolipid 1was identified as the lead potent molecule active against
adult worms as well as mf whereas galactolipids 2 and 3 were
found effective against mf while other isolated compounds (cate-
chins) were found ineffective against both the stages. With this
study galactolipids emerged as the new class of antifilarial agent,
which are being first time reported from this plant. Galactolipids
are important secondary metabolites of the plants which could be
the next chemotherapeutical cure to eliminate adamant lymphatic
filaria.

4. Experimental

4.1. General experimental information

IR spectra were recorded on Perkin Elmer 399B spectropho-
tometer, optical rotation was measured on Rudolph Autopol III
Polarimeter, NMR spectra were obtained from Bruker Avance DRX
300 MHz spectrometer (1H at 300 MHz, 13C at 75 MHz, respec-
tively) in CD3OD and ESI mass spectra were recorded on Thermo
LCQ AdvantageMax-IT. Purity of the isolated compoundswas found
to be greater than 95%. Organic solvents were distilled prior use.
Column chromatography was carried out on Si gel (60e120 and
230e400 mesh, Merck) and reverse phase RP-18 silica gel
(SigmaeAldrich); sephadex LH 20 (SigmaeAldrich) was used for
gel filtration. Thin layer chromatography was performed on silica
gel 60F254 aluminium and glass plates (Merck).

4.2. Plant material

The leaves of B. racemosa were collected from Bhimtal, Uttar-
akhand in 2007. The plant was authenticated and a voucher spec-
imen (No. 8478) was deposited in the herbarium of the Botany
Division, Central Drug Research Institute, Lucknow, India.

4.3. Extraction and fractionation

The shade dried and grounded leaves (4.5 kg) of the plant
B. racemosa were extracted with ethanol (5% water, 25 L� 3) at
room temperature. The combined alcoholic part was concentrated
under high vacuum on rotary evaporator at bath temperature
<50 �C, to give crude ethanolic extract, F1 (487 g). It was macerated
with cold n-hexane (250 mL� 3) to give fraction F2 (29 g).
Remaining of the extract was dissolved in methanol:water (1:9,
p. transplanted jird.

% Adulticidal activity
over controlb

% Female
worm sterilization

total

7.6 �23.33� 8.8 Nil
8.33 �30.5� 7.35 Nil

10 e e

05 �58.3� 8.33** Nil
7.5 �45.8� 4.2* Nil
5.5 �54.15� 4.15** Nil

06 �49.95� 8.35* Nil
12 e e
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1 L), the aqueous layer obtained was successively partitioned with
chloroform (500 mL� 3) and n-butanol (500 mL� 3) to give frac-
tion F3 (48 g) and F4 (300 g), respectively. All the organic solvents
were concentrated under high vacuum to give the respective frac-
tions. Bioassay guided fractionation and isolation was followed
after the confirmation of the antifilarial activity in butanol fraction.

4.4. Phytochemical investigation of n-butanol fraction (F4)

Fraction F4 (300 g) was chromatographed over silica gel column
packed in chloroform. It was subjected to gradient of methanol:-
chloroform (0e100%) to obtain two hundred fractions (500 mL
each), which were pooled according to their TLC profiles to furnish
twenty-five major sub-fractions (I-XXV). Both, fraction VIII (4 g)
and fraction IX (5 g) were separately subjected to gel filtration on
sephadex LH 20 using methanol:chloroform gradient as mobile
phase. Similar fractions were pooled to give six (AeF) and eight
(GeN) sub-fractions, respectively. Sub-fraction A and sub-fraction
G were combined together (1.13 g) and subjected to reverse phase
RP-18 silica gel column chromatography utilizing methanol:water
gradient (95e100%) to furnish five sub-fractions (OeS). Finally, sub-
fraction P (240 mg) was purified over reverse phase RP-18 silica gel
column chromatography using methanol:acetonitrile gradient
(0e1%) to furnish pure compound 1 (70 mg), sub-fraction Q
(140 mg) was purified to give 2 (60 mg) and sub-fraction R (90 mg)
gave 3 (43 mg). Sub-fraction F (195 mg) was successively purified
by sephadex LH 20 usingmethanol:water (4:6) asmobile phase and
then over reverse phase PTLC on RP-18 silica gel coated glass plates
to afford pure compounds 4 (66 mg) and 5 (10 mg). Similarly, sub-
fraction N (170 mg) was purified by successive reverse phase
column chromatography and PTLC on RP-18 coated glass plates in
methanol:water (4:6) to obtain 6 (40 mg) and 7 (5 mg).

4.5. Antifilarial activity: in vitro assays

4.5.1. Infection maintenance
B. malayi (sub-periodic strain) was maintained in six-week old

male rodent host, Mastomys coucha and Meriones unguiculatus
(jird). Mastomys were subcutaneously inoculated with 100 infec-
tive larvae (L3) of B. malayi [30] while jirds received 150 L3 intra-
peritoneally [31]. L3 were obtained from gently crushed
mosquitoes (laboratory bred Aedes aegypti) by Baerman’s technique
on day 9�1 post infective feeding on donor mastomys. For in vitro
studies the parasites were recovered by washing the peritoneal
cavity of jird infected 4e6 months back while for in vivo primary
screening, jirds intraperitoneally transplanted with adult B. malayi
were used.

4.5.2. Sample preparation
Stock suspensions of the plant samples, standard drugs iver-

mectin and DEC (10 mg/mL) were prepared in DMSO for in vitro
testing. The in vitro activity of the crude extract and fractions was
assessed at serial two fold dilutions of the stock starting from
31.25 mg/mL to the lowest concentration of 1.9 mg/mL.

4.5.3. Parasite isolation
B. malayi adult worms and mf were isolated aseptically from the

peritoneal cavity of infected jirds within 120e150 days of intra-
peritoneal inoculation of L3, mf was isolated by passing the peri-
toneal suspension through 5.0 mm membrane filter.

4.5.4. Activity evaluation criterion
Percentage reduction in the motility of adult female worm as

well as mf and the percentage inhibition in MTT reduction in
treated adult female worm parasite compared to their respective
untreated controls were evaluated. The criterion for adulticidal
activity was 100% irreversible immobility of adult wormwith�50%
inhibition in MTT reduction by treated parasite over untreated
control. MIC of the tested extracts on adult B. malayi and mf was
determined as the minimum concentration of test sample causing
total irreversible immobility (death). Filaricide ivermectin (IC50
adult 1.61 mg/mL and IC50 mf 3.62 mg/mL) is used as a standard
antifilarial drug in in vitro screen while DEC served as a standard
filaricide for in vivo screen since latter was inactive on both adult
and mf in vitro. For assessing 50% inhibitory concentration (IC50),
further two fold dilutions of each test material was tested starting
from MIC (value up to 0.3 mg/mL). IC50 concentration is determined
by Excel based line graphic template after plotting concentration
values of each sample against percent inhibition in motility of
parasite on x- and y-axis. Due to unproportionate correlation
between the inhibitions in MTT and the motility, only the motility
data was considered for evaluating IC50.

4.5.5. In vitro screening
MIC of the samples was evaluated at various two fold dilutions

(starting from 31.25 ug/mL) on fully motile female worms in
48-well culture plate in duplicate containing 1000 mLmediawith one
female parasite/well (NUNC). RPMI 1640 medium containing anti-
biotics (penicillin 100 units/mL, streptomycin sulphate 100 mg/mL
and neomycin mixture; Sigma, USA) and 10% fetal bovine serum
was used. The worms exposed to the crude extract and fractions
were incubated for 48 h at 37 �C in CO2 incubator. Exposed adult
worms were observed microscopically for their motility 1 h after
transferring the parasite to fresh drug free medium. The adult
female worms were then processed for the 3-(4,5 dimethylthiazol-
2-yl)-2,5 diphenyl tetrazolium bromide (MTT) reduction assay as
described earlier [32]. MIC of the extracts and fractions was also
assessed against mf (20 live mf/well) using 96-well plate in dupli-
cate containing 200 mL medium to which various two fold dilutions
(starting from 31.25 mg/mL) of stock solution of compounds were
added and incubated under same conditions as the adult female
parasites.

4.5.6. IC50 evaluation
After evaluating the MIC values of the extracts, active samples

were followed for their IC50 values. For assessing their 50% inhibi-
tory concentrations (IC50) the parasites (one female worm/mL/well
and 20 mf/200 mL/well) were exposed to two fold dilutions (start-
ing from their MIC values) of the active extracts and based on their
% motility reduction IC50 values were evaluated.

4.5.7. CC50 evaluation
Assessment of cytotoxicity CC50 (50% cytotoxicity concentra-

tion) values of the active samples was done on the vero cells
(monkey kidney cell lines) with the help of in vitro cytotoxicity
assay following the method of O’Brien et al. with modifications
[33]. Vero cells were trypsinized, counted in Neubauer chamber
and plated as required (10,000 cells/100 mL/ well) in a 96-well plate.
100 mL/well of minimal essential medium (MEM) was added to
each third column of the plate without vero cells to serve as
negative control. 10,000 cells/100 mL/well were plated in to each
well except the third, sixth, ninth and 12th column and incubated
overnight at 37 �C in CO2 incubator. Medium from all the wells was
replaced by 100 mL of fresh medium. One hundred microliters of
medium containing 300 mg/mL test sample (highest concentration)
was added to row H in triplicates (i.e. compound 1 from columns
1e3, compound 2 from columns 4e6, compound 3 from columns
7e9 and compound 4 from columns 10e12). Serial dilutions (3:1)
were prepared with a multichannel pipette by transferring 50 mL
from row H to row G and mixing it and re-transferring 50 mL in the
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same way to each consecutive row till row B. Row A was kept drug
free to serve as positive control and the platewas incubated for 48 h
at 37 �C in 5% CO2 in air. After 72 h of drug exposure, 10 mL/well of
viability marker dye Resazurin or Alamar blue (stock solution
12.5 mg/100 mL PBS) was added and the plate was incubated for
another 2e4 h. Fluorimetric reaction was measured using an exci-
tation wavelength of 536 nm and an emission of 588 nm in a fluo-
rimetric plate reader. Data was transferred to Excel and plotted as
per the template using fluorescent signal against corresponding
drug concentration. CC50 values were determined directly.

4.5.8. Determination of selectivity index
Selectivity index (SI) values of the in vitro active samples

were evaluated as the ratio of CC50 and IC50 (SI¼ CC50/IC50). Test
samples with SI value of �10 were considered safe for further
in vivo follow up.

4.6. Antifilarial activity: in vivo efficacy

4.6.1. Sample preparation
Crude extract was finely suspended in distilled water, whereas

the compounds were solubilized in distilled water with the help of
0.1% Tween-80.

4.6.2. In vivo screening model
Naive six to eight-week old male jird was intraperitoneally

transplanted with ten female and five male adult B. malayi worms
recovered from infected jirds. Worms were taken out after washing
the peritoneal cavity of infected jird. The given numbers of worms
were implanted into the peritoneal cavity of these naive jirds by
incising the abdomen under Ketamine anesthesia (50 mg/kg, i.p.).
On day 6/7, peritoneal fluid (a drop) was aspirated with the help of
1 mL syringe and examined microscopically for the presence of live
mf to ensure successful transplant.

4.6.3. Dosage
Fraction F4 was administered subcutaneously at the dose of

100 mg/kg for 5 consecutive days, while the pure compounds were
given at 50 mg/kg by peritoneal route (i.p.).

4.6.4. In vivo activity
The treated and control i.p. transplanted jirds were euthanized

on day 51 and worms were recovered from the peritoneal cavity
after completing the observation period of 50 days. Recovered
worms were analyzed microscopically for their motility, death or
encapsulation. The condition of embryonic stages in the uteri was
also examined microscopically after teasing the recovered live
female worms in a drop of phosphate buffered saline (pH 7.2).
Sterilization/embryostatic effect was considered to be any abnor-
mality or death/distortion detected in the uterine contents,
including oocytes, eggs and mf and the percentage of sterile
females was assessed [34].

4.6.5. Statistical analysis
The analysis of datawas carried out by PRISM 3.0 using one-way

ANOVA (nonparametric) and Dunnett’s multiple comparison test.
P< 0.05 was considered as of low significance (*) while P< 0.01
was considered as highly significant (**).
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