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Abstract: Vernonia britteniana Hiern. (Asteraceae) is a medicinal plant used in traditional Angolan
medicine against schistosomiasis. Our study aimed to investigate the phytochemical composition
and the cercaricidal and antioxidant activities in vitro of a traditional herbal preparation (Water-Vbr)
and a 70% hydroethanolic extract (EtOH70%-Vbr) prepared with this medicinal plant. The activity of
the extracts against Schistosoma mansoni cercariae was assessed at different extract concentrations (500,
438, and 125 ug/mL) and at different time intervals, and the phytochemical profiles were obtained by
LC-UV-ESI/MS-MS. In addition, the major chemical classes of the identified metabolites were quan-
tified by colorimetry, and the antioxidant potential was assessed using the DPPH and FRAP methods.
After 30 min, 100% cercarial mortality was observed at a concentration of 500 ug/mL after exposure,
and after 120 min, an LCs of 438 ug/mL was observed for both extracts. Phenolic acid deriva-
tives (chlorogenic acid, caffeic acid; 3,4-di-O-caffeoylquinic acid; 3,5-di-O-caffeoylquinic acid; and
4,5-di-O-caffeoylquinic acid) and triterpenoids (stigmastane-type steroidal saponins; vernoamyoside
D and vernonioside D1; vernoamyoside B; and vernoniamyoside A and C) were identified as the
main secondary metabolites. The Water-Vbr extract showed the highest antioxidant activity—DPPH:
IC59 = 1.769 £ 0.049 ug/mL; FRAP: mean = 320.80 + 5.1325 ugAAE/g.

Keywords: Angola; antioxidant activity; cercaricidal activity; medicinal plant; Schistosoma mansoni;
traditional medicine; Vernonia britteniana; vernoamyoside D

1. Introduction

Over 80% of the African population uses traditional medicine as a primary source
of health [1], mainly based on medicinal plants and traditional herbal preparations [2—4].
However, according to the latest official Angolan public data, this percentage varies be-
tween 30% and 40% in Angola [5]. In this context, medicinal plants are used to treat and
prevent various diseases, including parasitic infections such as schistosomiasis [6].

Also known as snail fever, this disease is caused by blood flukes” parasites of the
genus Schistosoma, which are responsible for up to 200,000 deaths a year worldwide,
with an estimated 230 million infected in 78 countries in Africa, South America, and
Southeast Asia [7-9]. In addition, it causes losses of up to 4.5 million disability-adjusted
life years annually, mainly in sub-Saharan Africa, where over 90% of morbidity and death
are concentrated. Among the six schistosome species that infect humans, Schistosoma
haematobium, the causative agent of urogenital schistosomiasis, is the dominant species on
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the African continent. In contrast, Schistosoma mansoni, one of the five schistosome species
responsible for the intestinal form of the disease, is commonly distributed in Africa and
South America endemic countries. For example, both types coexist in Angola, resulting in
a high disease burden in many rural and suburban areas, with an estimated 5-10% of the
population requiring prophylactic chemotherapy [10].

Schistosomiasis transmission to humans occurs when the larval stage of infectious
parasites (cercariae) released by freshwater snails penetrates the skin or mucosa after
contact with infected water [11]. Development of adult schistosomal worms occurs in
the bladder or mesenteric veins, where eggs released from female worms and trapped in
tissues induce a wide range of species-specific clinical manifestations in acute and chronic
infections [12]. Praziquantel (PZQ) is a synthetic drug used to treat this disease and is the
only existing drug for mass administration (MDA) in schistosomiasis control programs.
However, because this drug is ineffective against juvenile worms (schistosomula), several
schistosomiasis infections go untreated. In addition, the widespread use of PZQ in MDA
has raised concerns about the emergence of PZQ-resistant schistosomes, as demonstrated
by field isolates from regions involved in extensive MDA programs. Therefore, new
therapeutic options are needed to treat this neglected disease [13,14].

Reports on the biological activity of various medicinal plants from the Vernonia Schreb.
genus (Asteraceae), describe their anthelminthic, anti-inflammatory, antioxidant, antimicro-
bial, cytotoxic [15-17], antitumor and anticancer [18], renoprotective [19], antimalarial [20],
antituberculous [21], antiparasitic [22] and antifungal activities [23]. In addition, various
secondary metabolites, such as phenolic acid derivatives, including flavonoids, hydrolyz-
able and condensed tannins, lactone sesquiterpenes, and steroidal saponins, have been
identified in this genus [24-27].

Vernonia britteniana Hiern. is an endemic species to Angola, and local people tradition-
ally use dried root crops to treat schistosomiasis.

The results of preliminary work on two root extracts of Vernonia britteniana indicate
interest in investigating the benefits of this medicinal plant for the treatment of schistosomi-
asis [28]. The present work aims to evaluate the cercaricidal activity in vitro of a traditional
herbal preparation and a 70% hydroethanol extract of this herbal medicine.

For each V. britteniana extract tested, quantification of the major chemical classes of
secondary metabolites was performed, and chemical fingerprinting was determined by
high-performance liquid chromatography (LC) coupled with an ultraviolet photodiode
array (UV) detector and electrospray tandem mass spectrometry (ESI-MS/MS). In addition,
the antioxidant activity of these two herbal preparations was determined.

2. Results
2.1. Chemical Studies
2.1.1. Drug-Extract Ratio

The drug-extract ratios were 1:5 for the traditional herbal preparations (Water-Vbr)
and 1:7 for the 70% hydroethanolic extract (EtOH70%-Vbr).

2.1.2. LC-UV-ESI/MS-MS Chemical Profile

The results of V. britteniana root Water-Vbr and EtOH70%-Vbr extract analyzed by
LC-UV-ESI/MS-MS are shown in Figure 1 and Table 1. Based on the chromatographic and
spectral data, a total of 10 compounds were identified in both extracts, namely one phenolic
acid (peak 2), four caffeoylquinic acid derivatives (peaks 1 and peaks 3 to 5), and five
triterpenoids (steroidal saponins) (peaks 6 to 10). Obtained data analysis, together with co-
chromatography with authentic standards of the commercially available compounds (peaks
1to 5) and literature data [29-35], enabled the unequivocal identification of chlorogenic acid
(peak 1); caffeic acid (peak 2); 3,4-di-O-caffeoylquinic acid (peak 3); 3,5-di-O-caffeoylquinic
acid (peak 4); and 4,5-di-O-caffeoylquinic acid (peak 5) as marker compounds on both
extracts. Compared to the reported literature data, peak 6 was tentatively identified
as vernoamyoside D [36,37], peak 7 as vernonioside D1 [36], peak 8 as vernoamyoside
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B [36], peak 9 as vernoniamyoside A [36-38], and peak 10 as vernoniamyoside C [36-38].
Vernoamyoside D was identified as the principal constituent on both V. britteniana root
Water-Vbr and EtOH70%-Vbr extracts.

U—absorbance units; EtOH70%-Vbr—V . britteniana root 70% hydroethanolic extract;
nm—nanometers; V. britteniana root Water-Vbr—aqueous extract.
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Figure 1. V. britteniana root extracts” LC/UV maxplot chromatograms (A = 220410 nm) and UV
spectral data of main marker secondary metabolites.
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Table 1. LC-UV-ESI/MS-MS identification of main marker V. britteniana root secondary metabolites.

[M-H]~
o . UVAnax- MS-MS .
Peak N t; (min) (I‘ll’l'n:)ax or [(1>/In/-;)H]+ Fragment lons (in/z) Assignment
1 26.31 326,332 353 [M-H]~ 191,179 chlorogenic acid
2 29.64 324,233 179 [IM-H]~ 135, 89 caffeic acid
3 36.81 331, 230 515 [M-H]~ 191, 135 3,4-di-O-caffeoylquinic acid
4 39.33 326,237 515 [M-H]~ 353,191, 179 3,5-di-O-caffeoylquinic acid
5 41.96 328, 237 515 [M-H]~ 353,191,179 4,5-di-O-caffeoylquinic acid
631[M + H-H,O]J*
6 56.81 250 649[M + H]* 487[M + H-H,O + glc]+ vernoamyoside D *
469[M + H-Glc]
631[M + H-H,0]*
7 58.74 250 649 [M + H]* 469[M + H-Glc]* . vernonioside D1 *
451[M + H-H,O-Glc]
N
8 61.59 244 649 [M + H]* 481[61\4[ [-;\/[H++II:II%CO;I-CC];}C] vernoamyoside B *
+
9 64.66 249 647 [M + H]* 4854[6%[ ﬁ—\/IH++II:II%CO;l::?}C] vernoniamyoside A *
10 66.50 485[M + H+H,O-Glc]*

249 647[M + H]* 467[M + H-Glc]* vernoniamyoside C *

* Tentatively assigned based on literature data [34-38]; EtOH70%-Vbr—70% hydroethanolic extract; Gle—glucose;
MS-MS—mass spectrometry; m/z—mass-to-charge ratio; [M-H] —negative mass electrospray ionization mode;
[M-HJ*—positive mass electrospray ionization mode; t,—retention time; UVAn..—wavelength of maximum
absorbance; Vbr—V. britteniana root; Water-Vbr—aqueous extract.

2.1.3. Secondary Metabolites Quantification

The total content of phenols, triterpenoids, and saponins of V. britteniana root Water-
Vbr and EtOH-70%-Vbr extracts is presented in Table 2. Both extracts contained saponins
as the major classes of secondary metabolites. The Water-Vbr extract showed higher
concentrations of all three classes of components relative to the EtOH-70%-Vbr extract.
Using the two-tailed unpaired t-test, no statistically significant differences (p > 0.05) were
found between these extracts’ total phenols and triterpenoids content. However, statistically
significant differences (p = 0.0178) were found between the total saponins content of
these extracts. Since saponins are classified as triterpenoids biosynthetically formed from
six isoprene units that share the acyclic C3g precursor squalene, and no other type of
triterpenoid has been identified in this medicinal plant to date, we conclude that the total
triterpenoid content is mainly due to this kind of secondary metabolites [39].

Table 2. Quantification of the main class of secondary metabolites of V. britteniana root.

Extract
Class of Secondary Metabolites
Water-Vbr EtOH70%-Vbr
Total phenols (mg GAE/g extract) 139.750 £ 3.704 * 102.875 £ 1.347
Total triterpenoids (mg OAE/g extract) 167.077 £ 2.643 * 153.231 £ 16.667
Saponins Index (g extract) 370.3 +24.450 296.0 + 22.670

EtOH70%-Vbr—70% hydroethanolic extract; GAE—gallic acid equivalents; OAE—oleanolic acid equivalents;
SD—standard deviation; Vbr—V. britteniana root; Water-Vbr—aqueous extract; * p-value > 0.05 Water-Vbr vs.
EtOH70%-Vbr.

2.2. Biological Activity
2.2.1. Antioxidant Activity

The results of the evaluation of the antioxidant activity of the Water-Vbr and EtOH70%-Vbr
extracts from V. britteniana root are presented in Table 3. Both tested extracts showed
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antioxidant activity, and no statistically significant activity differences were found between
these extracts (Water-Vbr p-value > 0.05 vs. EtOH70%-Vbr in both tests). However, in the
DPPH assay, the anti-radical activity of both extracts was more than 20-fold higher than
that of ascorbic acid. Regarding the results of the FRAP assay, both extracts showed similar
ferric iron-reducing capacities, with values approaching those of ascorbic acid.

Table 3. Antioxidant activity of V. britteniana root.

Essay
Extract DPPH FRAP
IC50 + SD Mean + SD
(ug/mL Extract) (ug AAE/g Dried Extract)
Water-Vbr 1.769 + 0.049 320.800 £+ 5.132
EtOH70%-Vbr 2.928 +0.138 286.800 + 4.780
Ascorbic acid-AAE 67.446 £ 0.746 256.800 & 5.706

AAE—ascorbic acid equivalent; EtOH70%-Vbr—70% hydroethanolic extract; ICso—half of the maximum in-
hibitory concentration; SD—standard deviation; Vbr—V. britteniana root; Water-Vbr—aqueous extract.

2.2.2. In Vitro Cercaricidal Activity

The lethal concentration of each V. britteniana root extract required to eliminate 50% of
cercariae (LCsp) is expressed as the mean and standard deviation. Both extracts, Water-Vbr
and EtOH70%-Vbr, showed cercaricidal activity against the larval stage of S. mansoni; the
cercariae lacked motility and were deposited at the bottom of the cavity, indicating that
they were dead, as shown in Table 4. After 120 min of contact, an LCs value of 438 pg/mL
was obtained for both extracts.

Table 4. LCs of V. britteniana root on S. mansoni cercariae after 120 min in vitro exposure.

Extract LC50 Time Mean No. of Dead Cercariae
(ug/mL) (min) (ug/mL)
Water-Vbr 438 120 257 £1.16
EtOH70%-Vbr 438 120 25.3 + 0.58
PZQ 10 120 50

EtOH70%-Vbr—70% hydroethanolic extract; LCsp—lethal concentration that kills 50% of the cercariae;
PZQ—Praziquantel, positive control; SD—standard deviation; Vbr—V. britteniana root; Water-Vbr—aqueous extract.

Table 5 shows the results of visible structural changes in cercaria after treatment
with root extracts of V. britteniana (Water-Vbr and EtOH70%-Vbr). Both extracts induced
structural changes after 1 h of incubation at a 500 pg/mL concentration.

Table 5. Cercariae mortality and structural changes observed after incubation with V. britteniana root.

Concentration Average Cercaria Killed Structural Changes
Fxtract (ug/mL) Observation Time (min) Observation Time (min)
30 60 90 120 150 30 60 90 120 150

125 0 0 0 0 0 0 - - - -

Water-Vbr 438 0 17.7 21.0 25.7 0 - - - - -
500 50 0 0 0 0 - + - - -

125 0 0 0 0 0 - - - - -

EtOH70%-Vbr 438 0 15.0 20.7 25.3 0 - - - - -
500 50 0 0 0 0 0 + - - -

0—no mortality; (-)—no structural changes observed; (+)—structural changes observed; EtOH70%-Vbr—70% hy-
droethanolic extract; Vbr—V. britteniana root; Water-Vbr—aqueous extract.
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Application of the Student’s t-test showed no significant differences (p = 0.9316)
between the mean dead cercariae per time interval by administration of the Water-Vbr
and EtOH70%-Vbr extracts. Referring to the mean cercariae killed at a concentration of
438 ng/mL, the unpaired f-test for independent samples was t(df 4) = 0.4472, with a
p-value = 0.678.

3. Discussion

Despite efforts to reduce the burden of disease caused by schistosomiasis, it is still
the second most important parasitic disease after malaria with significant public health
implications in endemic areas of the tropics and subtropics. It is estimated that approxi-
mately 785 million people lack access to essential water services, with over 2 billion lacking
access to basic sanitation and 3 billion lacking clean water supplies at home [40]. As of
2019, approximately 36% of Angola’s population lived below the poverty line and faced
difficulties in accessing basic public services [40]. The World Health Organization Strategic
Cooperation Plan (2015-2019) reported that loiasis, lymphocytic filariasis, and schistosomia-
sis are still of concern in Angola, with an estimated 12 million people at risk of infection and
2.5 million people requiring treatment [41]. As recommended by this entity, praziquantel
is the drug also used in Angola for treatment and in MDA control programs. However,
due to its use in monotherapies, as well as its ineffectiveness against juvenile worms and
the increasing reports of PZQ resistance or loss of sensitivity of parasite isolates [42], there
is an urgent need for new alternative treatments [13,43]. Therefore, the use of medicinal
plants with pharmacological properties has been considered to be an alternative to treat
various diseases such as cancer [18], malaria [20], tuberculosis [21], trypanosomiasis [44],
and even schistosomiasis [45].

Several Vernonia species from the African flora are used as an integral part of traditional
African medicine. A literature review study conducted by Toyang and Verpoorte (2013)
reported that 109 species of Vernonia were used as herbal medicines [46]. Results from
in vivo and in vitro biological studies help validate their specific medical utility. Among
them, Vernonia amygdalina Del., an African species traditionally used against schistosomiasis,
has long been studied for its chemical composition and biological activity, including anti-
schistosomiasis activity. Sesquiterpene lactones and steroidal glucosides isolated from
this species have been hypothesized to have anti-schistosomal activity [38]. Acheampong
et al. (2020) demonstrated the cercaricidal and adulticidal activity of a V. amygdalina whole
plant methanol extract against S. mansoni as a function of time and concentration. This
extract (3 h ICsp = 35.84 ng/mL) exerted a high cercaricidal activity. The in vivo recovery
of the worms after treatment with the plant extract and praziquantel was 48.8% and 59.9%,
respectively (p < 0.05), and the mice treated with this extract had lower mean liver and
spleen weights compared to those in the untreated groups (p < 0.05) and were considered
by the authors to be strongly adulticidal in vivo [45]. In addition, aqueous and ethanolic
extracts of this medicinal plant with an LCsy value of 338.8 ppm and an LCyy value of
614.8 ppm proved to be toxic for adult Biomphalaria pfeifferi [45]. The molluscicide whole
aqueous and ethanolic extracts of V. amygdalina are also shown against Bulinus globosus
with LCsq values of 534 ppm and 208 ppm, respectively [47].

To our knowledge, no studies on the cercaricidal effect of V. britteniana root herbal
preparations in the larval stage of S. mansoni have been carried out by others. According
to our results, the detected activity (LC50 value of 438 g/mL) seems to be lower than the
cercaricidal activity of the V. amygdalina whole plant methanol extract cited above [45].
However, V. britteniana root is explicitly used in traditional Angolan medicine to treat
schistosomiasis. Furthermore, no studies on the cercaricidal effect of roots of other Vernonia
species were found in the literature.
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Consistent with chemotaxonomic data from its botanical genus, we identified pheno-
lic acid derivatives (chlorogenic acid; caffeic acid; 3,4-di-O-caffeoylquinic acid; 3,5-di-O-
caffeoylquinic acid; and 4,5-di-O-caffeoylquinic acid) and steroid saponins of the stigmas-
tane type (vernoamyoside D and vernonioside D1; vernoamyoside B; and vernoniamyoside
A and C) in V. britteniana root.

Phenolic acids, flavonoids, lactone sesquiterpenes, and steroid saponins) are examples
of secondary metabolites identified in V. amygdalina that have anthelmintic properties [48].
The steroid saponins identified in this species, namely vernonioside Al, A2, A3, and Bl
showed anti-schistosomal activity [49]. The major marker compounds, vernoamyoside
D, vernonioside D1, vernoamyoside B, vernoniamyoside A, and vernonimyoside C, now
identified on V. britteniana root might also be involved in the cercaricidal activity of both
water and EtOH70% tested extracts.

It has also been reported that dicaffeoylquinic acids are involved in the anti-schistosomal
activity of various medicinal plants such as the leaf extracts and branches of Artemisia annua
L. and Artemisia afra Jacq. ex Willd [50]. These classes of secondary metabolites have also
been recognized as antioxidants and anti-radical agents [30,34].

The antioxidant activity of chlorogenic acid; caffeic acid; 3,4-di-O-caffeoylquinic acid;
3,5-di-O-caffeoylquinic acid; and 4,5-di-O-caffeoylquinic acid isolated from Vernonia an-
thelmintica seed and from V. amygdalina leaf has been demonstrated [30,51].

The antioxidant activity of the ethanolic extract of Vernonia patula Merril’s whole plant
was demonstrated using the DPPH method (IC5( value of 36.59 g/mL) [52]. The aqueous
extract of V. amygdalina leaf also showed antioxidant activity, which gave an ICsq value of
1831 +£ 0.15 mg/mL by the DDPH method and a mean value of 1.49 + 0.18 mmol by the
FRAP method. The authors justified this activity with the presence of phenolic compounds,
such as flavonoids, anthocyanins, and proanthocyanins [53-55].

Our results showed that both V. britteniana extracts have a strong antioxidant potential,
which can be attributed to the presence of the identified phenolic acid derivatives and
steroidal saponins.

4. Materials and Methods
4.1. Chemicals and Reagents

Folin—Ciocalteu reagent; catechin; gallic acid; oleanolic acid; vanillin; 2,2-diphenyl-1-
picrylhydrazl (DPPH); chlorogenic acid; caffeic acid; 3,4-di-O-caffeoylquinic acid; 3,5-di-O-
caffeoylquinic acid; and 4,5-di-O-caffeoylquinic acid were purchased from Sigma-Aldrich
(Bangalore, India). Methanol was purchased from Honeywell (Hamburg, Germany).
Sodium acetate trihydrate and 70% perchloric acid were purchased from V.W.R. (Leuven,
Belgium). Ferric chloride, sodium carbonate, and acetic acid were purchased from Merck
(Darmstadt, Germany). Dimethyl sulfoxide (DMSQO) was obtained from Carlo Erba (Val-de-
Reuil, France). Formic acid and high-performance liquid chromatography (HPLC) solvents
(acetonitrile and methanol) were obtained from Fisher Scientific (Merelbeke, Belgium).

4.2. Collection and Preparation of Plant Material

The roots of V. britteniana (Figure 2) were collected in August 2018 in the Huambo
region of Angola in the village of Ndango de Cima (latitude 12°49'17" S and longitude
15°38'20" E). After collection, the plant material was dried in the dark and stored in an
airy room until further use. Relevant plant parts required for sample identification were
also collected, and specimen #LISC13028 was prepared and identified by Maria Cristina
Duarte, Scientific Curator of the LISC Herbarium, and from plant collections at the Tropical
Botanical Garden and the Lisbon Botanical Garden.
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Figure 2. Samples of tuberous roots from V. britteniana.

4.3. Extract Preparation
4.3.1. Aqueous Extract

The aqueous extract (Water-Vbr) was prepared to reproduce the recipe provided by
traditional medicine practitioners in the Huambo region. Twenty-nine grams of dried V. brit-
teniana root were ground into powder using a grinder (Ika, Multidrive, Staufen, Germany)
and extracted by maceration with 1 L of water at room temperature for 90 min. After
filtration, the obtained solution was frozen and dried in a lyophilized Heto LyoLab-3000
(Dietikon, Switzerland).

4.3.2. 70% Hydroethanolic Extract

The 70% hydroethanolic extract (EtOH70%-Vbr) was prepared by macerating dried
root powder with EtOH70% (ratio 1:10, w/v) at room temperature for 24 h with stirring.
After filtration, the obtained extract was concentrated to dryness under reduced pressure
(T 40 °C) using a Buchi Rotavapor R-100 (Flawil, Switzerland) [56].

4.4. Phytochemical Studies
4.4.1. LC-UV-ESI/MS-MS Chemical Profile

A Waters Alliance 2695 high-performance liquid chromatography (LC) instrument
with autosampler and photodiode array detector (Waters PDA 2996) coupled to a Micro-
Mass Quattromicro API triple quadrupole tandem mass spectrometer (Waters, Drinagh,
Ireland). The separation module (Waters, Drinagh, Ireland) comprises a quaternary pump
system, degasser, autosampler, and column oven. The chromatograms were recorded at
each maximum peak absorbance between the wavelengths of 220 to 410 nm (Maxplot).

The separation was performed on a LiCrospher® 100 RP-18 column 5 pm (250 x 4 mm,
Merck); column temperature 35 °C; flow rate 0.3 mL/min; injection volume (20 pL); mobile
phase (A) water + 0.1% formic acid/(B) acetonitrile—total time of 90 min under the gradient
conditions given in Table 6.

Table 6. V. V. britteniana LC-UV-ESI/MS-MS chromatography gradient used.

Time (min) %A %B
0.00 95 5
10.00 95 5
30.00 82 18
44.00 64 36
64.00 64 36
90.00 10 920

The ionization of the compounds was performed by an electrospray source in positive
(ESI*) and negative (ESI™) modes at different cone voltages (20 to 40 V). MassLynx software
version 4.1 was used for data acquisition and processing.
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4.4.2. Total Phenol Content

The phenol content of the Water-Vbr and EtOH70%-Vbr extracts was determined
using the Folin—Ciocalteu reagent method [57] with modifications. Briefly, 2 mL of Folin—
Ciocalteu reagent (previously diluted 1:10 (v/v) in water) was mixed with 1.6 mL of sodium
carbonate (75 g/L) after adding 0.4 mL of sample. After 2 h of incubation at room tempera-
ture, protected from light, the absorbance at 765 nm was measured using a Hitachi U-2000
spectrophotometer (Tokyo, Japan). Gallic acid was used as a standard control. Three repli-
cates were performed to obtain the measurements, and the mean and standard deviation
values were fitted using the straight-line equation (Y = 00.0016x + 0.0644 and R = 0.9936).
Results are presented as mean (£SD) gallic acid equivalents per gram of extract.

4.4.3. Total Triterpenoid Content

The total triterpenoid content of the Water-Vbr and EtOH70%-Vbr extracts was deter-
mined using a colorimetric method [58] with modifications. Briefly, 100 uL of the extract
was mixed with vanillin/glacial acetic acid (150 uL, 5% (p/v)) and perchloric acid solu-
tion (500 pL). The sample solutions were heated at 60 °C for 45 min and then cooled
to room temperature. Subsequently, 2.25 mL of glacial acetic acid was added, and the
absorbance was measured at 765 nm using a spectrophotometer Hitachi U-2000 (Tokyo,
Japan). Oleanolic acid was used as the standard control. Measurements were obtained in
triplicate, and the mean and standard deviation values were adjusted using a straight-line
equation (Y = 0.0013x + 0.0858 and R? = 0.9991). The results are presented as the mean
(&SD) of oleanolic equivalents per gram of the extract.

4.4.4. Saponins Index (SI)

The saponins content of the Water-Vbr and EtOH70%-Vbr extracts was determined
according to the Portuguese Pharmacopeia [59]. Briefly, 1 g of extract was added to 25 mL
of alcoholic potassium hydroxide solution (0.5 M) with some glass beads and then heated
for 30 min. Then 1 mL of phenolphthalein solution was added, followed by titration with
0.5 M hydrochloric acid (1 mL). A blind test was also carried out under the same conditions.
The quantification was based on the formula: SI = 28.05 (n1 — n2)/m.

4.5. DPPH Radical Scavenging Activity

The radical scavenging activity of the Water-Vbr and EtOH70%-Vbr extracts was
evaluated using the 2,2-diphenyl-1-picrylhydrazl (DPPH) method [60] with modifications.
First, the DPPH solution (3.9 mL, 6 x 10~° M) in methanol was mixed with 100 uL of the
diluted extract. After incubation at room temperature for 30 min, the absorbance at 517 nm
was measured using a Hitachi U-2000 spectrophotometer (Tokyo, Japan). Ascorbic acid
was used as a standard control. The scavenging activity of DPPH was calculated using the
following formula: % scavenger = (control absorbance, test sample absorbance/control
absorbance) x 100. Results are expressed as mean (£SD) and presented as ICs, values.

4.6. Ferric-Reducing Antioxidant Power (FRAP) Activity

The iron (IlI)-reducing ability of the Water-Vbr and EtOH70%-Vbr extracts was as-
sessed using the Ferric-Reducing Antioxidant Power Assay (FRAP) [61] with modifications.
Briefly, 100 pL of the extract was mixed with 3 mL of FRAP reagent (25 mL acetate buffer,
2.5 mL of 2,4,6-tripyridyl-s-triazine, and 2.5 mL FeCl3). 6H2O solution in the portion
(1:1:10). After incubation at 37 °C for 4 min, the absorbance at 593 nm was measured using
a Hitachi U-2000 spectrophotometer (Tokyo, Japan). Ascorbic acid was used as a standard.
Three replicates were performed to obtain the measurements, and the mean and standard
deviation values were fitted using a linear equation (Y = 0.001x + 0.0132 and R = 0.9944).
Results are presented as mean (£SD) ascorbic acid equivalents per gram of extract.
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4.7. Statistical Analysis

Data analysis for total phenol and triterpene content was performed using Microsoft
Excel. Results were expressed as the mean (+5SD) with units expressed in equivalents of the
standards used for each assay. The two-tailed unpaired Student ¢-test was used to verify
the detection of significant differences between the mean content of phenols, triterpenoids,
and saponins and the antioxidant activity of Water-Vbr and EtOH70%-Vbr extracts. A
p < 0.05 was considered significant Water-Vbr vs. EtOH 70%-Vbr extracts.

4.8. In Vitro Cercaricidal Activity of V. britteniana Root
4.8.1. Sample Preparation

Extemporaneous solutions of each extract (concentration 20 mg/mL) were prepared
and used to determine the cercaricidal effect on S. mansoni larvae. First, the aqueous extract
was diluted in deionized water, and the hydroethanolic extract was diluted in 1% DMSO.
Then the samples were agitated in an ultrasonic bath (BRANSON 3200, USA).

4.8.2. Obtaining Live S. mansoni Cercariae

The assay was performed on live cercariae obtained from the freshwater snail Biom-
phalaria glabrata (Belo Horizonte, Brazil strain) previously infected with a strain of S. mansoni
(Belo Horizonte, Brazil strain), routinely maintained in Mus musculus CD1 male mice at
IHMT-UNL.

About eight freshwater snails were placed in a glass beaker containing 10 mL of
distilled water and exposed to an artificial light source (70 W lamp) to monitor the release
of cercariae by visual observation under a stereomicroscope (4x). All cercaria were placed
in a single container. After homogenization, 500 pL of the solution was dispensed onto
five glass slides for counting.

4.8.3. Determination of Cercaricidal Activity

The surrounding activity was determined according to the protocol described by
Tekwu and co-workers (2017) [62]. In 24-well plates (Polystyrene, Gdynia, Spain), 1 mL
of a solution containing approximately 50 cercariae was added to each well. The samples
were tested at 125, 438, and 500 g/mL concentrations in 1.5 mL total solution volume. After
homogenization with a round stirrer (New Brunswick Scientific, Classic model, Edison
Township, NJ, USA), cercariae survival and mortality were observed at intervals of 30
to 120 min incubation using an inverted optical microscope (Olympus CKX41, Japan 4 x)
and magnification of 10x, 20x and 40x. A positive control (praziquantel 10 pg/mL
solution; Thermo Fisher Kandel, Lenzkirch, Germany) and a negative control (distilled
water + 1% DMSO) were used in each assay. Mobility, mortality, and structural damage to
the cercariae were assessed. Cercariae were considered dead if deposited on the bottom
of the well without movement during the time intervals evaluated (30, 60, 90, 120, and
150 min). Altering and destroying the cercaria, such as by severing and crushing their tail,
has been considered structural damage. LC5y was determined using the geometric mean of
the cercariae count after exposure of each sample to the different concentrations for 2 h and
30 min. All experiments were performed in triplicate.

4.8.4. Statistical Analysis

The data obtained were analyzed using Microsoft Excel software, and the results
were expressed as the mean (+£SD). An unpaired, two-tailed Student t-test was used to
verify the detection of significant differences between the means of the results from the
two extracts. A value of p < 0.05 was considered significant concerning Water-Vbr vs.
EtOH70%-Vbr extracts.

5. Conclusions

Schistosomiasis is an endemic parasitic disease that is widespread in Africa, particu-
larly in the sub-Saharan region including Angola [10].
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The use of traditional medicinal plant preparations is recognized as an added value in
combating and eliminating this disease. For the first time, the usefulness of V. britteniana
root in schistosomiasis has been evaluated and the major classes of secondary metabo-
lites have been characterized. Phenolic acid derivatives (chlorogenic acid; caffeic acid;
3,4-di-O-caffeoylquinic acid; 3,5-di-O-caffeoylquinic acid; and 4,5-di-O-caffeoylquinic acid)
and steroid saponins (vernoniamyoside A and C, vernoamyoside D, vernonioside D1 and
vernoamyoside B) were the main components of this medicinal plant. Its possible correla-
tion with the in vitro cercaricidal and antioxidant activities verified with both Water-Vbr
and EtOH70%-Vbr extracts will be investigated in the future along with additional stud-
ies on the quality, biological activity (against adult worms and eggs), and safety of this
medicinal plant.

The present study underlines the importance of ethnopharmacological studies to
validate the usefulness of traditional medicines.
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