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content, and free radical scavenging potential, along with an evaluation of its larvicidal activity against

Keywords: Aedes aegypti larvae. Chromatographic techniques were used to isolate the compounds and a structural

Sterculiaceae
Phytochemical study
Antioxidant activity
Larvicidal assay
Aedes aegypti

elucidation was performed by 1D and 2D NMR. The quantification of total phenolics and flavonoids and the
DPPHradical scavenging activity was determined through spectrophotometric methods. Consequently,
the phytochemical investigation led to the identification of fourteen compounds from the aerial parts of
the W. viscosissima: steroids, triterpenes, alkaloids, and eight flavonoids previously reported in the litera-
ture. The quantification of compounds showed that the aerial parts extract possessed high concentration
of flavonoids, while the roots extract were rich in other phenolic compounds. At the DPPHfree radi-
cal scavenging assay, the roots extract presented ECso =77.32 +4.37 wg/ml and the aerial parts extracts
showed ECs5p =118.10+ 1.21 pg/ml. W. viscosissima roots extract showed the most potent larvicidal activity
against Ae. aegypti (LCso =4.78 mg/ml), with the potential of being used in effective and economically
viable preparations that can be catered for domestic use towards controlling the vector insect of severe

diseases, such as dengue and Zika.
© 2019 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Farmacognosia. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Veeramani and Alagumanivasagam, 2016; Silveira-Janior et al.,
2017; Mundo et al., 2017).

Introduction

Malvaceae sensu lato comprises the traditional families that can
be found within the Malvales order: Bombacaceae, Sterculiaceae,
Tiliaceae e Malvaceae sensu stricto (APG 1V, 2016). The Waltheria
genus, Malvaceae, occurs in both Asia and America, including Brazil.
It possess around sixty species, many of which are used in human
health treatments to treat respiratory and dental infections, along
with inflammation and cases of malaria (Zongo et al., 2013; Cretton
et al.,, 2014, 2015; Esteves, 2015; Yougbare-Ziebrou et al., 2016;
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Based on the Waltheria genus, previous studies have reported
the occurrence of quinolone alkaloids, (Hoelzel et al., 2005; Lima
et al., 2009; Cretton et al., 2016), triterpenes, phenolics, and
flavonoids (Monteillier et al., 2017; Caridade et al., 2018).

Waltheria viscosissima A.St.-Hil, Malvaceae, popularly known
as ‘malva-branca’ and ‘malva-viscosa’, is endemic of the North-
east region of Brazil, with its aerial parts having been traditionally
used as antitussive and expectorant. However, the phytochemi-
cal investigations on the species are scarce (Corréa, 1974; Vasques
et al., 1999). A preliminary phytochemical screening has detected
the presence of triterpenes, steroids, phenolic compounds and
saponins in the crude ethanol extract of W. viscosissima (Vasques
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et al., 1999), and one triterpene also has been identified (Soares
et al., 1998).

Indeed, phytochemical researches allied to biological assays
have raised the potential uses of plant extracts or isolated phy-
toconstituents as insecticides and/or larvicides, with many studies
confirming the efficacy of these natural products (Santiago et al.,
2005; Santos et al., 2012; Lakshmi et al., 2018). These insecticides
and/or larvicides are especially relevant in tropical countries, where
mosquitoes contribute to the occurrence of severe viral diseases,
such as yellow fever, dengue, and Zika (Fernandes et al., 2018).

Considering the popular use of W. viscosissima in Brazil and
the lack of consistent information with regards to its phytocon-
stituents, this study seeks to report on the isolation of compounds
from aerial parts of W. viscosissima, as well as the quantification
of phenolics and flavonoids in the obtained extracts. The wide
occurrence of flavonoids in Waltheria and the larvicidal activity of
Sterculiaceae species have been recently reported, justifying the
interest in evaluating the antiradical and larvicidal activity of W.
viscosissima (Caridade et al., 2018; Fernandes et al., 2018).

Materials and methods
General procedures and chemicals

Chromatographic glass columns were used for the purification
of the compounds, packed with Silica gel 60 (Merck), Sephadex
LH-20 (Merck) or Amberlite XAD-2 as stationary phases, and hex-
ane, EtOAc and MeOH in increasing polarity mixtures as the mobile
phase (Fig. 1).

Thin layer cchromatography (TLC) was carried out using sil-
ica plates and the resulting spots were visualized either under
UV light (254 and 366 nm) or with a p-anisaldehyde acid solution.
The isolated compounds were identified by 1D and 2D NMR (H -
500 MHz/13C -125MHz - Varian and 'H - 400 MHz/!3C -100 MHz
Bruker. 'H - 300 MHz/!3C -75MHz - Bruker Avance DPX-300),
using deuterated solvents. The chemical shifts were expressed as
parts per million (ppm) and the coupling constants of (J) in Hz.

Plant material

The plant material (aerial parts and roots) of the Waltheria visco-
sissima A.St.-Hil, Malvaceae, was collected in Santa Rita City, during
the month of August 2013. Plant identification was performed by
Prof. Maria de Fatima Agra (PgPNSB/UFPB) and a voucher species
was deposited at the Prof. Lauro Pires Xavier Herbarium (M. F. Agra
21709). This research has been registered in the National System of
Genetic Resource Management and Associated Traditional Knowl-
edge (SisGen - A5S68B8A).

Extraction and isolation of compounds

The plant material, aerial parts, and roots were oven dried at
40°C for 72 h. The material was ground separately, and 2,000 g of
powdered aerial parts and 350.3 g of powdered roots was obtained.
Both materials were macerated with ethanol (95%) for 72 h. The
obtained solutions were filtered and concentrated in a rotatory
evaporator to obtain 550 g of aerial parts crude extract (APCE) and
33.5 g of roots crude extract (RCE).

The APCE was solubilized using EtOH:H,O (7:3) and the
obtained solution was sequentially partitioned in a separation fun-
nel using hexane (Hex), chloroform (CHCl3), ethyl acetate (EtOAc)
and n-butanol, which yielded 125 g of hexane phase (HP), 25g of
CHCI3 phase (ChIP), 10 g of EtOAc phase (ACP), 40 g of n-butanol
phase (BP), and 100 g of hydroalcoholic phase (HAP).

A sample of HP (50 g) was submitted to vacuum liquid chro-
matography (VLC) using silica gel and Hex, EtOAc, and methanol

in increasing polarity mixtures. The obtained fractions were
combined after TLC. The fractions eluted with Hex:EtOAc (7:3),
Hex:EtOAc (1:1), Hex:EtOAc (4:6) and EtOAc were combined and
named HX1. HX1 (12 g) was column chromatographed (CC) in silica
flash using Hex, EtOAc and MeOH in increasing polarity mixtures,
yielding 97 fractions. Those fractions were analyzed by TLC. Frac-
tions 19-20 and 21 were found to be pure white solids, and were
named as compounds 1 (210 mg) and 2 (140 mg). Fraction 22-23
was pure (colorless crystals), and named as compound 3 (110 mg).

The ChIP (12 g) was submitted to silica gel CC using Hex, EtOAc
and MeOH to obtain 150 fractions which were combined after
TLC. The combined fractions of 79-92 were submitted to Sephadex
LH-20 CC eluted with MeOH to yield forty fractions. The fraction
of 12-15 (yellow powder) was pure, and named as compound 4
(9 mg). The combined fractions of 110-150 were submitted to sil-
ica gel CC using Hex, EtOAc and MeOH, resulting in the purification
of compound 5 (13 mg) as yellow powder.

The ACP (8g) was chromatographed using Sephadex LH-20
eluted with MeOH and MeOH: CHCls, resulting in 89 fractions.
After TLC, the fractions were combined and selected for the new
Sephadex CC. From successive Sephadex columns, the compounds
6 (25mg), 7 (23 mg), 8 (15mg) and 9 (9 mg) were purified.

A sample of HAP was chromatographed with the use of XAD-
2 as stationary phase. The solvents utilized were H,O (100%),
H,0:MeOH (7:3), H;0:MeOH (1:1), MeOH, Hex, acetone and EtOAc.
The fraction H,0:MeOH (7:3) precipitated a pure solid, which was
named as compound 10 (35 mg).

From XAD-2 column, the fraction eluted with MeOH was rechro-
matographed in the Sephadex LH-20 CC, resulting in 25 fractions.
The fractions 13-18 was a pure yellow powder, which was named
compound 11 (15 mg).

A sample of APCE (75g) was submitted to acid-basic alkaloid
purification in the separation funnel to obtain the total alkaloid
fraction (TAF). The TAF was submitted to an aluminum oxide CC,
using Hex, EtOAc and MeOH as eluents. From the column, 55 frac-
tions were obtained and analyzed by TLC. The fraction 39-43 was
chromatographed in Sephadex CC, and the resulting purification of
compound 12 (9 mg) was a yellowish oil.

Quantification of total phenolic compounds

The quantification of total phenolic compounds was determined
by the spectrophotometric through the use of the Folin-Ciocalteu
reagent and gallic acid as a standard according to Gulcin et al.
(2004). The experiment was performed in triplicates.

Total flavonoids content

Total flavonoid content was determined by the spectrophoto-
metric method as described by Maciel et al. (2016), using quercetin
as a standard. Total flavonoid content was determined by the spec-
trophotometric method described by Maciel et al. (2016), which
used quercetin as a standard. The analysis was evaluated in trip-
licates and the total flavonoid content was determined from the
calibration curve which was constructed with quercetin solutions
(1.25 to 40 wg/ml). The result was expressed in milligrams of
quercetin equivalents per gram of extract (mg QE/g of extract).

Free radical scavenging activity assay

The in vitro antiradical activity of APCE and RCE was evaluated
by the DPPH(2, 2-diphenyl-1-picrylhydrazyl) radical scavenging
method which was described by Maciel et al. (2016). The exper-
iment was performed in a triplicate.
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Fig. 1. Larvicidal activity of different concentrations of APCE and RCE of Waltheria viscosissima on Ae. aegypti larvae after 24 h. PC: Positive control; NC: Negative control. (*)
statistically significant in relation to the NC. (**) statistically significant in relation to the PC (p-value <0.05).

Biological assay

The larvicidal activity of W. viscosissima extracts (APCE and RCE)
have been evaluated by the World Health Organization (1970). The
larvae of Ae. aegypti in the 4th stage (L4) of the Rockefeller strain
for this study were obtained from the Biotechnology Applied to
Parasites and Vectors Laboratory of the Biotechnology Center (Uni-
versidade Federal da Paraiba).

Twenty larvae (L4) were transferred to Falcon tubes containing
10 ml of APCE and RCE solutions. The concentrations used to deter-
mine the LCsq of APCE and RCE ranged from 2 to 200 mg/ml and
from 2.5 to 40 mg/ml, respectively. The positive control group con-
sisted of twenty larvae which were exposed to 1 ml of a commercial
insecticide (Imiprotrin 0.02%, Permethrin 0.05% and Esbiotrin 0.1%).
The negative control group consisted of twenty larvae exposed to
distilled water. The experiments were performed in triplicate.

The experiment tubes containing the larvae were incubated for
24h at 28 £4°C, under a photoperiod comprising of 12 h of light
and darkness. After 24 h, the larvae mortality was visually verified.
Statistical analysis and CLsg calculation were performed using the
GraphPad Prism version 5.0 for Windows program (GraphPad Soft-
ware, San Diego, CA). Significant differences between the groups
were analyzed by ANOVA and Tukey post-test (p < 0.05)

Results
Identification of isolated compounds

From the chromatographic procedures, along with the 1D and
2D NMR spectroscopic methods, fourteen compounds were iden-
tified from the aerial parts of W. viscosissima, including steroids,
triterpenes, alkaloids and flavonoids.

Compound 1: 3-sitosterol e stigmasterol were identified based
on spectral data and comparisons with the literature data (Maciel
etal., 2016).

Compound 2: 3-oxolup-20(29)-en-28-oico acid (betulonic
acid): NMR 'H (3, CDCls, 400 MHz): 0.92 (s, 3H, H-23), 0.97 (s, 3H,
H-24), 0.99 (s, 3H, H-25), 1.0 (s, 3H, H-26) 1.06, (s, 3H,H-27), 1.69
(s, 3H, H-28), 4.61 (bs, 1H, H-29), 4.74 (bs, 1H, H-29), 3.0 (1H, ddd,
J'=10.5Hz, J2=10.5Hz and J? =4.5Hz, H-19), NMR 13C (§, CDCl3,
100 MHz):37.0(C-1),34.2(C-2),218.4(C-3),47.4(C-4),55.05 (C-5),
19.7 (C-6),33.7(C-7),40.8 (C-8),49.9(C-9),37.1 (C-10),21.5(C-11),
25.6 (C-12), 38.6 (C-13), 42.6 (C-14), 30.7 (C-15), 32.2 (C-16), 56.5
(C-17),49.3(C-18),47,03(C-19),150.5 (C-20),29.8 (C-21),37.05 (C-
22), 26.7 (C-23), 21.1 (C-24), 16.0 (C-25), 15.9 (C-26), 14.7 (C-27),
182.4 (C-28), 109.9 (C-29), 19.5 (C-30) (Caridade et al., 2018).

Compound 3: 3-oxoolean-18-en-28-oic acid (3a) (Soares et al.,
1998). 3b: 3-oxoolean-12(13)-en-28-oic acid. NMR 'H (8§, CDCl3,
400 MHz): 0.89 (s, 3H, H-26), 0.92 (s, 3H, H-29), 0.96 (s, 3H, H-30),

1.03 (s, 3H,H-25) 1.07, (s, 3H,H-23),1.13 (s, 3H,H-27),2.37 (1H, dd,
J=6.8 and 3.6 Hz, H-2), 2.82 (1H, dd, J= 14.0 and 4.4 Hz, H-18), 5.28
(1H, t, J=3.2 Hz, H-12), NMR 13C (3, CDCl3, 100 MHz): 39.2 (C-1),
34.1(C-2),217.9(C-3),47.5(C-4),55.4(C-5), 19.6 (C-6), 32.2 (C-7),
39.3 (C-8), 46.6 (C-9), 36.9 (C-10), 23.0 (C-11), 122.5 (C-12), 143.7
(C-13), 41.8 (C-14), 22.7 (C-15), 23.5 (C-16), 46.9 (C-17), 41.1 (C-
18), 45.8 (C-19), 30.7 (C-20), 34.2 (C-21), 32.4 (C-22), 26.5 (C-23),
21.6 (C-24), 15.1(C-25),16.9 (C-26), 25.9 (C-27), 184.4 (C-28), 33.1
(C-29),23.6 (C-30) ( Kwon et al., 2011).

Compound 4: 5,7-dihydroxy-4’-methoxy-flavone (acacetin);
Compound 6: 4',5,7-trihydroxyflavon-3-ol (kaempferol); Com-
pound 7: 3',4',5,7-tetrahydroxyflavon-3-ol (quercetin) were iden-
tified based on spectral data and comparisons with the literature
data (Fernandes et al., 2018; Chaves et al., 2017; Teles et al., 2015a).

Compound 5: 7, 4'-di-O-metilisoscutellarein. NMR 'H (8, DMSO-
dg, 200 MHz): 12.97 (1H, s, 5-OH), 6.86 (s, 1H, H-3), 6.55 (1H, s,
H-6), 8.11 (2H, d, J=8,4Hz, H-2' and 6’), 7.13 (2H, d, J=8.2 Hz, H-
3’and 5'), 3.85 (s, OCH3-4'), 3.90 (s, OCH3-7). NMR 13C (8, DMSO-dg,
50 MHz): 163.5 (C-2), 103.0 (C-3), 182.4 (C-4), 153.1 (C-5), 95.7 (C-
6), 154.3 (C-7), 126.2 (C-8), 144.4 (C-9), 103.9 (C-10), 123.0 (C-1'),
128.5 (C-2'), 114.5 (C-3'), 162.4 (C-4'), 114.5 (C-5"), 128.5 (C-6'),
55.30 (OCH3-4'), 56.50 (OCH3-7) (Teles et al., 2015a, 2015b).

Compound 8: 5,7-dihydroxy-4’-methoxyisoflavone. NMR 'H (3,
(CD3),C0,500 MHz): 12.97(1H, s,5—0H),8.17 (s, 1H,H-2),6.28 (1H,
d,J=19Hz,H-6),6.41 (1H,d, J=1,9Hz, H-8), 7.55 (2H,d, J=8.75 Hz,
H-2’ and 6'), 7.00 (2H, d, J=8.75Hz, H-3" and 5'), 3.83 (s, OCH3-4").
NMR 13C (3, (CD3),CO, 125MHz): 154.6 (C-2), 123.8 (C-3), 181.5
(C-4), 163.9 (C-5), 99.80 (C-6), 165.1 (C-7), 94.5 (C-8), 159.0 (C-9),
106.1 (C-10), 124.2 (C-1'), 131.0 (C-2’), 114.5 (C-3'), 160.7 (C-4'),
114.5 (C-5"), 131.0 (C-6'), 55.50 (OCH3-4") (Almeida et al., 2008).

Compound 9: tiliroside, 'H RMN (500 MHz, DMSO-dg) and 13C
(125 MHz, DMSO-dg) in accordance with the literature data (Teles
et al, 2015a).

Compound 10: 5,7 4 -trihydroxyflavone-8-C-3-
glucopyranoside (vitexin). 'H NMR (400 MHz, DMSO-dg): 13.16
(1H, s, 5-0H), 6.78 (1H, s, H-3), 6.26 (1H, s, H-6), 8.02 (2H, d,
J=8.8Hz, H-2'/6'), 6.89 (2H, d, J=8.8Hz, H-3/5"), 4.69 (1H, d,
J10.0Hz, H-1"), 3.83 (dd, J=9.2 and 9.6 Hz, H-2"), 3.51 (m, H-3"),
3.34 (m, H-4"), 3.24 (m, H-5"), 3.52 (1H, dd, J=6.0 and 11.8, H-6"),
3.76 (1H, d,J=11.0Hz, H-6"). NMR 13C (100 MHz, DMSO-dg): 182.2
(C-4),163.9(C-2),162.6 (C-7),160.4 (C-5),161.4 (C-4'), 156.0 (C-9),
128.9 (CH- 2’/CH-6'), 121.6 (C-1'), 115.8 (CH-3'/5'), 104.6 (C-8),
104.3 (C-10), 102.4 (C-3), 98.1 (C-6), 73.4 (CH-1"), 70.8 (CH-2"),
77.9 (CH-3"), 70.8 (CH-4"), 81.6 (CH-5"), 61.3 (CH,-6") (He et al,,
2016).

Compound 11: luteolin 7-0O-B-D-glucopyranoside. 'H NMR
(400 MHz, DMSO-dg): 12.95 (1H, s, 5-0H), 7.45 (d, J=2.4Hz, H-
6'),7.43 (d,J=2Hz,H-2"),6.90(d,J=8.0Hz, H-5"), 6.78 (d, J= 2.0 Hz,
H-8), 6.74 (s, H-3), 6.43 (d, J=2.0Hz, H-6), 5.08 (d, J=7.2 Hz, H-1"),
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Table 1

Total phenolic, total flavonoids contents and DPPH free radical scavenging activity.
Waltheria Total phenolic Total flavonoid DPPH (ECs0)°
viscosissima (mg GAE/g+SEM )*  (mg QE/g +SEM)P (pg/ml+ SEM)
extract
APCE (aerial 131.01+£0.04 30.43+0.02 118.10+1.21
parts)
RCE (roots) 137.04+0.01 8.25+0.04 77.32+4.37

All values are mean+S.E.M (n=3).
2 GAE =mg of gallic acid equivalent per gram of sample.
b QE=mg of quercetin equivalent per gram of sample.
¢ Value defined as the concentration of sample that scavenged 50% of the DPPH.

3.70 (m, H-6"), 3.45 (m, H-3”, H-6"), 3.28 (m, H-2"), 3.18 (m, H-
5”). NMR '3C (100 MHz, DMSO-dg): 181.8 (C-4), 164.5 (C-2), 162.9
(C-7), 161.1 (C-5), 156.9 (C-9), 150.01 (C-4'), 145.8 (C-3'), 121.3
(C-1"), 119.2 (CH-6), 115.9 (CH-5’), 113.5 (CH-2’), 105.3 (C-10),
103.1 (CH-3), 99.9 (CH-1"), 99.5 (CH-6), 94.7 (CH-8), 77.1 (CH-3"),
76.3 (CH-2"), 73.1 (CH-5"), 69.5 (CH-4"), 60.5 (CH,-6") (Silva et al.,
2006a).

Compound 12a: waltherione a 'H NMR (300 MHz, CD30D): 7.57
(1H, d, J = 8.8 Hz, H-7), 7.42 (1H, d, J = 8.8 Hz, H-8), 4.74 (m, H-10),
1.99-2,06 (2H, m, H-11), 2.26-2,41 (2H, m, H-12), 6.68 (1H, dl, J =
6.19Hz, H-13),7.10(dl,J=8.1 Hz, H-3’), 7.25 (ddd, J=8.10, 7.81 and
1.57 Hz, H-4'), 6.73 (ddd, /= 7.65, 7.81 and 1.35 Hz, H-5'), 6.31 (dd,
J=7.65 and 1.35Hz, H-6"), 3.81 (s, OCH3-3), 4.00 (s, OCH3-2’), 2.47
(s, 2—CH3). NMR 13C (75 MHz, CD;0D): 14.3 (2—CH3), 23.09 (C-
11), 35.2 (C-12), 56.0 (OCH3-3), 60.3 (OCH3-2’), 76.9 (C-13), 79.2
(C-9), 81.4 (C-10), 112.4 (C-3’), 118.02 (C-8), 119.9 (C-4a), 121.2
(C-5"), 128.9 (C-4'), 132.7 (C-7), 132.4 (C-6), 133.6 (C-6'), 81.3 (C-
10), 143.1 (C-3), 143.5 (C-2), 140.5 (C-5), 142.6 (C-8a), 158.2 (C-2’
), 176.01 (C-4) (Gressler et al., 2008).

Compound 12b: waltherione b. 'H NMR (300 MHz, CD;0D): 7.58
(1H, d, J = 8.8 Hz, H-7), 7.42 (1H, d, J = 8.8 Hz, H-8), 4.76 (m, H-10),
1.99-2,06 (2H, m, H-11), 2.26-2,41 (2H, m, H-12), 6.68 (1H, dl, J
= 6.19Hz, H-13), 7.02 (d, J=8.98 Hz, H-3’), 7.25 (ddd, J=8.10, 7.81
and 1.57Hz, H-4), 6.73 (ddd, J=7.65, 7.81 and 0.7 Hz, H-5'), 6.81
(dd, J=8.93 and 3.07 Hz, H-6'), 3.95 (s, OCH3-3), 3.52 (s, OCH3-2’),
2.47 (s,2—CH3). NMR 13C (75 MHz, CD;0D): 14.4 (2—CH3), 23.3 (C-
11), 32.0 (C-12), 55.5 (OCH3-3), 59.7 (OCH3-2"), 76.9 (C-13), 79.1
(C-9), 81.44 (C-10), 112.4 (C-3’), 118.02 (C-8), 119.9 (C-4a), 121.2
(C-5"),128.93(C-4'), 132.7(C-7),132.4(C-6), 133.6 (C-6'), 81.44 (C-
10),152.3(C-3),143.5(C-2),140.5(C-5), 142.6 (C-8a), 154.5 (C-2’),
176.01 (C-4) (Gressler et al., 2008).

Quantification of phenolics, flavonoids, and free radical
scavenging activity of Waltheria. viscosissima

Spectrophotometric methods were used to quantify the total
phenolic compounds and total flavonoids in the extracts of W. vis-
cosissima.

A calibration curve was constructed with gallic acid to quan-
tify the phenolic compounds. The value of the coefficient of
linearity found was RZ=0.9963, and the total phenolic com-
pounds was calculated from the obtained equation of the line
(y=0.000993696x — 0.00218). To quantify the flavonoid content,
a calibration curve was built using quercetin, which obtained
the coefficient of linearity R2=0.9997 and equation of the line:
y=0.00215x — 0.00243.

To calculate the concentration of extracts that were able to
induce the reduction of 50% in DPPHconcentration (ECsq), cres-
cent concentrations of APCE and RCE were used according to the
described method. A calibration curve was built for each extract
that was in mixture with DPPH: Y=-0.001921.x+0.4705 and
Y=-0.0008214.x+0.4725 for APCE and RCE, respectively (Table 1).

Table 2
Mean of mortality of Ae. aegypti larvae (L4) exposed to different concentrations of
APCE of Waltheria viscosissima.

Concentrations Mean mortality Standard
(mg/ml) (n) deviation
(triplicate)

2.0 0 0

20.0 4.3 (21.6%) 0.47

50.0 13.0 (65%) 0.81

75.0 17.6 (88%) 0.47
150.0 (a)? 20.0 (100%) 0

200.0 (a) 20.0 (100%) 0
Negative control 0 0
Positive control 20.0 (100%) 0

2 Means followed by the same letter are not significantly different by Tukey test,
at a level of 5% of probability.

Table 3
Mean of mortality of Ae. aegypti larvae (L4) exposed to different concentrations of
RCE of Waltheria viscosissima.

Concentrations Mean mortality Standard
(mg/ml) (n) deviation
(triplicate)

1.0 0 0

2.5 7.6 (38.3%) 0.47

5.0 11.3 (56.6%) 0.47

10.0 (a)? 17.0 (85%) 0.81

20.0 (a) (b) 18.3(91.6%) 047

30.0 (b) (c) 19.3 (96,6%) 0.47

40.0 (c) 20.0 (100%) 0
Negative control 0 0
Positive control 20.0 (100%) 0

2 Means followed by the same letter are not significantly different by Tukey test,
at a level of 5% of probability.

Biological assay

The mortality of L4 larvae in different extract concentrations
of W. viscosissima is shown in Tables 2 and 3. The concentration
of 150.0 mg/ml of APCE killed 100% of larvae. Concentrations of
75, 50, 20, and 200 mg/ml killed 88%, 65%, 21.6% and 0%, respec-
tively. The tested concentrations of 200 and 150 mg/ml were not
found to differ statistically (p <0.05). The calculated LCs5¢g of APCE
was 38.37 mg/ml (Figure 2).

For RCE, the concentration of 40 mg/ml was able to kill 100% of
larvae. Concentrations of 30, 20, 10, 5, 2.5 and 1 mg/ml showed a
mortality of 96.6%, 91.6%, 85%, 56.6%, 38.3% and 0%, respectively.
The concentrations of 5 and 2.5 mg/ml were statistically different
(p <0.05), and the calculated LCsq for RCE was 4.78 mg/ml (Figure
2).

Discussion
Identification of compounds

Compound 1 was identified as a mixture of the phytosteroids:
[3-sitosterol and stigmasterol, which is widely isolated from plants
and known by their biological role as vegetal cell membrane con-
stituents (Maciel et al., 2016).

Compound 2 was identified as the lupane-type triterpene 3-
oxolup-20(29)-en-28-oic acid (betulonic acid) that was previously
isolated from Waltheria cinerencens (Caridade et al., 2018). The
betulonic acid was demonstrated to possess leishmanicidal activity
and anti-proliferative activity against cell cancer lineages (Alakurtti
etal., 2010; Yang et al., 2015).
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The 'H NMR of compound 3, showed a triterpene aspect, as
shown in compound 2. Absorptions for two hydrogen, at 8y 5.28
(1H, t, J=3.2Hz) and &y 5.15 (1H, bs), indicate the presence of
double bonds, suggested that the sample could be a mixture
of two triterpenes. The 13C NMR spectra presented signals for
sixty carbons, corroborating the claim regarding the presence of
two triterpenes in the sample. The olefinic carbons at d¢ 122.5
(C-12) and ¢ 143.7 (C-13), characteristic of oleanan-type triter-
penes, allowed an identification of the compounds in the mixture
as 3-oxo-olean-12(13)-en-28-oic acid and the 3-oxo-olean-18-
en-28-oic acid (moronic acid). The moronic acid was previously
isolated from W. viscosissima (Soares et al., 1998; Kwon et al.,
2011).

30
~

3b

The NMR spectra of compounds 4, 5, 6 and 7, isolated as yellow
powder, showed signals in the aromatic region that was compat-
ible with flavonoids. By analyzing the 1D and 2D NMR of them, it
was possible to identify the compounds as acacetin (4), 7,4’-di-O-
methyl-isoscutellarein (5), kaempferol (6) and quercetin (7). The
presence of these compounds in Malvaceae sensu lato species is in
agreement with the literature (Silva et al., 2006a; Costa et al., 2008;

Chaves et al., 2017; Gomes et al., 2011; Dixit et al., 2011; Fernandes
et al., 2018). Flavonoids have been shown to be the major com-
pounds in several species from the Sterculiaceae family, including
species from the Waltheria genus (Mugarrabun and Ahmat, 2015;
Cretton et al, 2015, 2016; Teles et al., 2015b; Caridade et al., 2018).

4 Ry=OH; Ry=R3=Rs=H; R;=OCH,
5 R1=R4=OCH3; R2=OH, R3=R5=H
6 Ry=R,=Rs=OH; R,=Ry=H
7 R1=R3=R4=R5=OH; R2=H

Compound 8 was isolated as orange powder. The 'TH NMR
showed a couple of doublets coupling meta, which were charac-
teristic of 5, 7-di-substituted flavonoids. The hydroxyl at position
5 was found at em 8y 12.97 (s). A singlet was detected at 8y
8.17, suggesting an isoflavonoid structure for compound 8. The 13C
NMR showed fourteen signals, including one methoxyl. Among the
signals, the highlights include the carbons at 8¢ 154.4 and 123.8
assigned to the presence of a double bond between C-2 and C-3;
the carbonyl, found at 8¢ 181.5; and the high intensity carbons of
a para substituted B-ring at 114.5 (C-3’ and 5’), 131.0 (C-2’ and
6’). The 2D spectral data and comparison with the literature led to
the identification of compound 8 as the isoflavan: 5,7-dihydroxy-
4’-methoxyisoflavone (biochanin A) (Almeida et al., 2008). The
compound is being reported for the first time in the Sterculiaceae
family. In previous studies, it has demonstrated anticancer and
anti-hyperlipidemic activities (Harini et al., 2012; Mugarrabun and
Ahmat, 2015; Xiao et al., 2017).

Compound 9 was identified as kaempferol-3-O-f3-p-(6"-E-
p-coumaroyl) glucopyranoside (tiliroside). Tiliroside is widely
produced by Malvaceae sensu lato and has demonstrated many
pharmacological properties, such as vasorelaxant, antioxidant,
hypolipidemic, antinociceptive and anti-inflammatory activi-
ties (Barbosa et al., 2007; Orhan et al, 2009; Zhang et al,
2015).

The NMR data obtained for compounds 10 and 11, along with
comparisons with literature, led to them being identified as two
glucosyl flavones: vitexin (10) and luteolin 7-O-p-glucopyranoside
(11). Both of them have pharmacological properties and have been
isolated from the species Pterospermum acerifolium and Theobroma
cacao, Sterculiaceae (Silva et al., 2006a; Dixit et al., 2011; Cuong
etal, 2015; He et al., 2016).
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Compound 12, which was isolated as yellowish oil, showed sig-
nals at NMR spectra that were compatible with quinoline alkaloids.
The 'H NMR spectra presented a set of signals 8y 6.31-7.59 which
was compatible with tetra substituted ring of quinoline alkaloids.
The chemical shifts in addition to integrals values led to suggest
that this would be a mixture of two substances in the proportion of
65:35. The nucleus of 10,13-ox0-bicyclo heptane was suggested by
the absorptions for oxymethine protons at 8y 4.74 (m) and 6.68 (d,
J=6.19Hz), besides the multiplets at 1.99-2.06 (m) and 2.26-2.41
(m). The 13C NMR spectra confirmed the proposal of a mixture of
two compounds by showing carbons with very different intensities.
Relevant signals for elucidating the structure of the compounds
were o,f3-unsaturated ketone carbonyl at 8¢ 176.6; oxymethine
carbons 8¢ 82.44 (C-10, 12b); 81.39 (C-10, 12a) and 76.10 (C-13,
12a and 12b).

The analysis of the 2D spectra, compilation of chemical shifts,
and comparisons with literature data, allowed an identification of
compound 12 as a mixture of the alkaloids waltherione a (12a) and
waltherione b (12b) in the proportion (65:35), respectively, along
with antimicrobial compounds previously reported from Waltheria
douradinha (Hoelzel et al., 2005; Gressler et al., 2008).

12a R=g-H
12b R=0-H

Quantification of phenolics, flavonoids and free radical scavenging
activity of Waltheria viscosissima

It has been well reported that plants with a high production of
phenolic compounds, such as phenolic acids derivatives, tannins,
flavonoids, etc., have been established to have great antioxidant
activity (Singh et al., 2016). The quantification of W. viscosissima
phenolic compounds demonstrated 131.01 +0.04 mg de EAG/g of
APCE and 137.04 +0.01 mg de EAG of RCE. The total phenolic con-
tent of other species of Malvaceae sensu lato, such as Sterculia striata,
Sidastrum micranthum and Sida rhombifolia, have been determined
by the same method. The W. viscosissima extracts (both APCE and
RCE) were shown to possess a concentration of phenolic com-

pounds that were at least twice as great as the other investigated
species (Costa et al., 2009; Oliveira et al., 2012).

Flavonoids are compounds that have garnered the interest of
researchers in biological field due their huge pharmacological
potential and their common occurrence in medicinal plants and
in functional foods (Teles et al., 2015a). In this research, eight
flavonoid structures have been identified, justifying our interest
in quantifying the total content of flavonoids in W. viscosissima
extracts. The obtained results showed a greater concentration of
flavonoids in the APCE than the RCE. The result is in agreement
with literature that reports the accumulation of these compounds
in surface cells of vegetal organs that have a high exposure to sun
light (Agati et al,, 2012). The flavonoids have been shown to act
as protective agents against light-induced oxidative damage, since
they absorb UV and visible light. Indeed, studies have demonstrated
that sun light up-regulates the flavonoids biosynthesis. Thus, the
accumulation of flavonoids in external vegetal structures is con-
sistent with UV and visible light protection functions (Havaux and
Kloppstech, 2001; Agati et al., 2012).

Due the ability of phenolic and flavonoid compounds to prevent
oxidative stress and inflammation (Tao et al., 2016; Herrera-
Calderon et al., 2016; Hou et al., 2017), the wide occurrence
of flavonoids that were previously reported in other Waltheria
(Caridade et al., 2018) and reported here in the aerial parts of W.
viscosissima might be related to the popular use of the Waltheria
species as an anti-inflammatory (Yougbare-Ziebrou et al., 2016).

In this study, we demonstrated that the RCE presented greater
free radical scavenging activity against DPPHradical than the APCE.
The ability of free radicals reduction is one of several cell mecha-
nisms that prevent oxidative damage (Li et al., 2012). According to
our results, greater reductive activity was carried out by the RCE.
Studies have demonstrated that the free radical scavenging activ-
ity is more intense for phenolic compounds with ortho-dihydroxy
aromatic rings (Rice-Evans et al., 1996). In fact, just two out of the
eight flavonoids identified in APCE possess ortho-dihydroxy rings
in their structures. Thus, we can attribute the greater scavenging
activity to the presence of other phenolic compounds in the RCE,
rather than the flavonoids that have been shown to be in very low
concentration in the RCE. When taken into consideration with other
Malvaceae sensu lato species that were previously investigated, W.
viscosissima extracts have shown greater free radical scavenging
activity (Oliveira et al., 2012). Indeed, when compared to the other
Waltheria species previously investigated, Waltheria ovata has pre-
sented the best result, with ECs5g of 3.50 pg/ml (Herrera-Calderon
etal., 2016).

Larvicidal activity

Concentrations of 2 mg/ml APCE and 1 mg/ml of RCE were used
to perform the bioassays. Using the cited concentrations, no activity
was observed. As such, the concentrations were gradually increased
to get a mortality that was statistically different from the negative
control. The mortality is observed when the larvae presented com-
promised mobility, lethargy and complete paralysis (Ravikumar
et al, 2011; Oliveira et al., 2013; Santos, 2015).

After a statistical analysis, it was observed that in the W. vis-
cosissima APCE, the utilized concentrations statistically differed,
with the exception of the 200 mg/ml and 150 mg/ml, as observed
in Table 2. For the RCE sample, concentrations of 10 mg/ml and
20 mg/ml did not differ statistically, and this was similar with the
concentrations of 20mg/ml, 30 mg/ml, and 40 mg/ml (Table 3).
After 24 h of exposure, the mortality reached 100% for both extracts.
The concentrations of 150 mg/ml for APCE and 40 mg/ml for RCE
were significantly more effective when compared against other
concentrations and the negative control.



588 M.D. Ferreira et al. / Revista Brasileira de Farmacognosia 29 (2019) 582-590

The two extracts exhibited larvicidal activities with differ-
ent LCsp, which were calculated based on the statistical results
obtained. For APCE, the LCso was 38.7 mg/ml and the closest con-
centration tested was 50 mg/ml, which killed 13 larvae (mean), the
equivalent of 65%. For the RCE, the LC5y was 4.78 mg/ml and the
closest concentration was 5 mg/ml, which killed 11.3 larvae (mean),
and this was equivalent to 56.6% (Table 3).

The RCE possess more significant larvicidal activity than the
APCE. Indeed, different parts of plants contain a complex mixture
of compounds with certain biological activities (Veni et al., 2016;
Govindarajan et al., 2008a, b,c). The activities are usually related to
the presence of toxins and secondary metabolites that act as larvi-
cides (Niraimathi et al., 2010). The difference display by the LCsq
when comparing different parts of a vegetal has been reported by
Satana (2012), and has also been shown to affect the leaves and
roots of the Murraya koenigii (Tennyson et al., 2012), seeds and
leaves of Calophyllum inophyllum (Pushpalatha and Muthukrishnan,
1999), and stem and leaves of Guettarda grazielae (Oliveira et al.,
2010).

The concentration of RCE (LCsg=4.78 mg/ml) was lower than
other larvicidal activities previously reported. The LCsg found for
the species Croton linearifolius, Euphorbiaceae, and Albizzia amara,
Fabaceae, were 17.42 and 7.10 mg/m, respectively (Murugan et al.,
2007; Silva et al., 2014).

The concentration of APCE (LCsg=38.70mg/ml) were also
lower than Cymbopogon citratus (LCsg = 63.89 mg/ml) and Oci-
mum gratissimum (LCsg = 71.27 mg/ml). The Sterculiaceae Helicteres
velutina have been evaluated and showed an LCsq of 138.89 mg/ml
(stem) and 171.68 mg/ml (roots) (Santos et al., 2012). However
those concentrations were higher than the ones shown by aerial
parts of Helicteres velutina (LCso=2.98 mg/ml) and Sida acuta
(LCs50 =4.28 x 10~2 mg/ml) (Govindarajan, 2010; Fernandes et al.,
2018).

According to Guarda et al. (2016) e Simdes et al. (2010), the
presence of high levels of polyphenols and flavonoids in the extracts
may be related to larvicidal activity. Those compounds are known
to have toxicity that affects insects and larvae (Santiago et al., 2005;
Simoes et al., 2010).

Based on the obtained larvicidal results of tested plant extracts,
it can be speculated that the compounds can thus act as a potent
phyto-complex with synergic effect, and may show greater bioac-
tivity as a mixture than in its isolated constituents (Sumroiphon et
al., 2006). It is through this notion that researchers have supported
the use of the plant crude extracts, instead of isolated compounds,
as insecticides and larvicides (Veni et al., 2016; Guarda et al., 2016).

RCE showed the greater larvicidal activity. Due the low yield of
the root extract it was not possible to perform columns for isola-
tion of compounds. Thus, we analyzed its chemical composition by
H! NMR and TLC, in order to know better the chemical profile of
compounds in RCE. In the NMR spectra (Figure 5, supplementary
material), it has been verified the presence of typical signals for
terpenes, steroids and phenolic compounds, compatible with the
spots found on TLC dyed with p-anisaldehyde acid or acetic anhy-
dride solutions. The total phenolic compounds and flavonoids from
RCE were quantified by spectrophotometry.

The different results showed for separated parts of plants
extracts are often showed in literature. The ethanolic extract of the
leaves and roots of Piper alatabaccum, Piperaceae, and Azadirachta
indica, Meliaceae, showed greater larvicidal potential for leaves
than for the roots after 48 h of exposure, demonstrating that dif-
ferent parts of the plant may show particular larvicidal response
because of their chemical composition (Nour et al., 2012; Guarda
et al., 2016; Castillo et al., 2017).

This is the first study that has reported the larvicidal activity
of plants from the Waltheria genus against Aedes aegypti. Based on
the better activity demonstrated by the roots extract, we suggest

that the extract can be used in effective and economically viable
preparations for domestic use to control the vector insect of severe
diseases, such as dengue and Zika (Caridade et al., 2018; Fernandes
et al., 2018; Lakshmi et al., 2018).

Considering the larvicidal potential of W. viscosissima extracts,
the sub-fractions and isolated compounds of W. viscosissima are
being tested in a bio-monitoring study against the Ae. aegypti in
order to identify the bioactive compounds responsible for this
activity (Fernandes et al., 2018b). Previous studies have shown
that the substances may perform their larvae toxic effects in sev-
eral ways, such as suppression of reproduction, fertility, and the
inhibition of growth (Silva et al., 2015).

Conclusions

The present study contributed to the phytochemical knowledge
of the species W. viscosissima. Fourteen compounds have been iden-
tified, including a mixture of steroids, two triterpenes, two alkaloids
and eight flavonoids.

The spectrophotometric quantification of compounds demon-
strated that the aerial parts extract possesses a high concentration
of flavonoids and the roots extract is rich in other phenolic com-
pounds. The roots extract also showed larvicidal activity against Ae.
aegypti, with the potential of it being used in effective and econom-
ically viable preparations that cater towards domestic uses in the
controlling of the vector insect of severe diseases, such as dengue
and Zika.
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