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ARTICLE INFO ABSTRACT

Article history: Balanophora latisepala is a species of angiosperm, which does not contain chlorophyll. This
Received 10 May 2021 species has compulsory parasitic life on host trees and has been found in Bay Nui area, An
Revised 19 June 2021 Giang, Vietnam. This study was aimed to examine the phytochemical constituents, antioxidant
Accepted 20 July 2021 and antibacterial activities of the Balanophora latisepala whole stem. Phytochemical screening
Published online 02 August 2021 was done using previously described method, the antioxidant activity was determined using

DPPH free radical scavenging method while the antibacterial activity was evaluated by the agar
well diffusion method. Preliminary phytochemical screening identified the following
constituents; alkaloids, carbohydrates, cardiac glycosides, flavonoids, phenols, amino acids and
proteins, saponins, sterols, tannins, terpenoids, quinones, phytosterols, gum and resin,
xanthoproteic, coumarins and essential oils. With respect to the antioxidant activity, the aqueous
. o extract of Balanophora latisepala was comparable to the methanol extract in neutralizing DPPH
Copyright: © 2021 Nguyen et al. This is an open-  free radical, with half-maximal effective concentration (ECso) of 107.65 + 4.90 pg/mL and
access article distributed under the terms of the 107 50 + 2.37 pg/mL, respectively. These two extracts were able to neutralize DPPH radical
Creative Commons dAm'b'“'t'On di Ll%en§e, Wh'cg more significantly than the ethanol extract (ECso = 806.30 + 23.52 pg/mL) (p < 0.05). For the
permgs _ unrestricte d.“se' '.S;” d”t}:on’ _an | antibacterial activity, at a concentration of 400 mg/mL, the aqueous extract of B. latisepala was
reproduction In any medium, provided the origina most active against Salmonella sp. compared to the other bacterial strains including Bacillus
author and source are credited. . L e ) ;

cereus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus
aureus. The methanol extract at 400 mg/mL was the least active against P. aeruginosa and
Salmonella sp. These preliminary results showed that B. latisepala is a rare species that has low
antioxidant and low antibacterial activities.
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Introduction scientific evidence for the proper exploitation and

) . . . . ti f this plant.
The family Balanophoraceae Rich. contains multiple species that conservation o this pian

have been used as supplements in traditional medicine for general well-being,

joint inflammation relief, sexual performance, digestive support, and blood Materials and Methods

glucose balance. In Vietnam, there are six plant species recorded in the genus ] )

Balanophora. These species have been exploited and used by local people as Experimental materials

medicinal herbs in folklore.? Several biological activities of Balanophoraceae B. latisepala  whole stem was collected at 10°29'08.4"N,
species have been recognized such as the antioxidant capacity of B. laxiflora, 104°58'59.8"E with an altitude of about 200 - 450 m in Cam Mountain
the ability to inhibit the HIV activity of B. japonica and B. laxiflora® the - An Giang, Vietnam from June to September, 2020 (Figure 1). The
hypoglycemic effect of B. polyandra, the analgesic and anti-inflammatory sample was identified by Dr. Luu Hong Truong (Southern Institute of
effects of B. involucrata.® Nevertheless, the medicinal properties of these Ecology - Vietnam Academy of Science and Technology). The
species have not been reported the Vietnamese pharmacopoeia* The B. voucher specimens (Blatis082020-AGVN) was kept at Plant Lab,
latisepala is endemic to Vietnam, which was recorded in the Bay Nui Biology Department, School of Education, Can Tho University.

Mountains areas - An Giang province and named Moc Ba Hue (in
Vietnamese).! This obligatory parasitic plant has been recognized by
indigenous people as having medicinal properties like other species of
the same genus, leading to overexploitation of this species. Therefore,
this study was conducted to determine the chemical composition,
antibacterial and antioxidant capacity of B. latisepala, thereby providing
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Preparation of plant materials

The collected B. latisepala was washed and dried at 60°C to a constant
weight. It was then ground into powder. The powdered sample was
extracted by decoction (10% wi/v, powder: water) for 1 hour. The
extract was filtered and evaporated using a rotary evaporator (RV 10
digital V-C, IKA, Germany).® The aqueous extract obtained after
vacuum filtration was freeze-dried and dissolved in water at adequate
concentrations for biological assays as described by Félix-Silva et al.®
Similarly, the powdered plant sample was macerated in methanol
(10% wi/v, powder: methanol) and ethanol (10% wi/v, powder: ethanol)
for 3 hours and then filtered. After filtration, the marc was re-extracted
following the same procedure (this was done three times). The extract
was pooled together and evaporated using a rotary evaporator (RV 10
digital V-C, IKA, Germany) at 50°C. The concentrated extract was
stored at 4°C.

Determination of chemical composition

The powdered plant sample (10 g) was placed in a flask and mixed
with 100 mL each of the following solvents; water, methanol, ethanol,
diethyl ether, and chloroform. The mixed solutions were left for 24 h
on a shaker at room temperature. After filtration, the solvent in the
solution was evaporated using a rotary evaporator until 50 mL
remained. The mixture was stored in the refrigerator (4°C) until
analysis. The chemical composition of the plant was determined as
described by Abegunde (2015)” and Narasinga (2012).2

Antioxidant assay

The ability of the extract to neutralize DPPH radical was examined
using the improved method of Shekhar and Anju (2014).° Extract
samples were dissolved in methanol at different concentrations. To the
extract solution (950 pL) was added 50 pL of DPPH solution (500
pg/mL). The mixtures were shaken vigorously and incubated in the
dark for 30 minutes at room temperature. The absorbance of the
mixture was measured at a wavelength of 517 nm with three
replications. Ascorbic acid (mixed in methanol) was used as the
standard. The free radical scavenging activity was calculated using the
formular below.

Percentage free radical scavenging activity

— Abscontrul B Absextract % 100
Abscontrol

Antibacterial activity

The antibacterial activity of the extract samples was determined using
the agar well diffusion technique as described by Jaradat et al.’® Six
bacterial strains were used for the study. These include Bacillus
subtilis  (ATCC23857™), Bacillus cereus (ATCC14579™),
Escherichia coli (ATCC 25922™), Salmonella sp., Staphylococcus
aureus (ATCC 25923™), and Pseudomonas aeruginosa.

Each plate of agar medium was spread with 50 pL of bacterial
solution (density, 10° CFU/mL), drain and punched with 7 holes to
form 7 wells. Twenty microliters (20 pL) of serial dilutions (50, 100,
200, 300, and 400 mg/mL) of the extract in DMSO (10%) was added
to each well. The same volume of DMSO (10%) and Amoxicillin (1
pg/mL) were used as negative and positive controls, respectively.
Each test was carried out in triplicate and the experiment was repeated
twice. After 24 h, the sterile zone diameter was measured.

Statistical analysis

All data were analyzed using ANOVA with the aid of IBM SPSS 22
for Windows. Data obtained were displayed as mean + SD. Multiple
comparisons of the means were done using the Duncan Multiple
Range Test at 5% probability level. P values < 0.05 were regarded as
significant.

Results and Discussion

Chemical composition of B. latisepala

Plant chemicals are secondary metabolites produced from plant parts
that can be used to treat diseases.™* Analysis and identification of plant
chemicals are important to determine their medicinal value.'? In this
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study, the chemical constituents of B. latisepala were identified in five
different solvent extracts, including polar solvent (water, methanol,
ethanol) extracts and non-polar solvent (chloroform and diethyl ether)
extracts. From the analysis, 16 chemical compounds were identified in
B. latisepala including alkaloids, carbohydrates, cardiac glycosides,
flavonoids, phenols, amino acids and proteins, saponins, sterols,
tannins, terpenoids, quinones, phytosterols, gum, xanthoproteic acid,
coumarin, and essential oils (Table 1). Oxalates, phlobatannins,
glycosides, anthocyanins, leucoanthocyanins, cholesterol, and
emodins were not detected when extracted with the five solvents.
Ethanol showed an ability to extract the most compounds (11
compounds), followed by methanol (10 compounds), and diethyl ether
(9 compounds). Water and chloroform extracted the fewest
compounds (8 compounds). In the polar solvent extract were identified
14 compounds, while in the non-polar solvent extract were identified
only 2 compounds, phenol and amino acid/protein.

From the results of the qualitative phytochemical screening, it is
evident that B. latisepala is capable of synthesizing many secondary
metabolites that are beneficial to humans. The results of this study
were similar to those of Wang et al. and Nguyen et al. where
flavonoids, tannins, coumarin and sterols were detected in B.
latisepala plant.>™® Whereas the other eleven compounds synthesized
in B. latisepala plant including alkaloids, carbohydrates, cardiac
glycosides, phenols, amino acids and proteins, saponins, quinones,
phytosterols, gum, xanthoproteic acid and essential oils were not
recorded in the above mentioned previous studies. In this study, the
presence of phenol in the plant samples was different from the
findings of Nguyen et al."®* This may be attributed to environmental
factors as the differences in environmental conditions and host
differences have been shown to affect the presence and content of
compounds in plants.* The presence of many biologically active
secondary metabolites shows potential for the use of B. latisepala as a
medicinal herb.”® It is possible to use alkaloids in cancer treatment
because of its cytotoxic and analgesic properties.® Cardiac glycosides
actively support functions of the heart, help to prevent cardiac
arrhythmias.'” Flavonoids inhibit tissue damage, induce vasodilation,
antimicrobial and increase the effectiveness of the immune system. It
is considered an antibiotic, analgesic, anti-allergic, antiviral, anti-
cancer, and anti-diarrhea drug.’® Courmarin has potential for use as an
antimicrobial (antifungal, and antiviral),* anticancer,
antihypertensive, anti-aging, anticonvulsant, antiallergic,
hypoglycemic, analgesic, and antipyretic agent.”® Terpenoid possesses
many biological activities including antibacterial, anti-parasitic,
antiviral, antifungal, antispasmodic, hypoglycemic, anti-inflammatory,
immunomodulatory, anti-cancer, and anti-tuberculosis activities.**
Saponin has many biological activities, in particular, this compound is
considered to be effective in preventing diabetes.™

The analysis of the chemical composition of B. latisepala showed that
the ethnomedicinal use of plants of the genus Balanophora and B.
latisepala in particular as tonics, treatment of intestinal diseases, and
in the relief of pain is justifiable. Furthermore, the chemical
composition identified in B. latisepala showed the potential of
application of this species in the prevention or treatment of many
diseases such as diabetes or cancer.

Antioxidant activity

The DPPH free radical scavenging activity of the plant extracts was
evaluated spectrophotometrically by measurement of decrease in the
absorbance of the DPPH solution.” DPPH free radical neutralizing
effect of B. latisepala whole stem was investigated in three solvents
(water, methanol, and ethanol) extracts. From the DPPH free radical
scavenging ability of the extract, the ECsy value (pg/mL) was
determined using the regression equation (Table 2), of which, the
higher the ECs, value, the lower the antioxidant activity, and vice
versa. As shown in table 3, the antioxidant activity of the water,
methanol, and ethanol extracts of B. latisepala was lower than that of
ascorbic acid (P < 0.05). Among the three extracts, water extract (ECso
=107.65 + 4.90 pg/mL) and methanol extract (ECso = 101.50 + 2.37
pg/mL) exhibited higher antioxidant activity while ethanol extract
showed less antioxidant activity than the other extracts with ECso =
806.30 + 23.52 pg/mL (P < 0.05).
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Table 1: Phytochemical constituents of B. latisepala whole stem

No.  Compounds Extract
Water  Methanol  Ethanol  Diethyl ether  Chloroform

1 Alkaloid + + + + +
2 Carbohydrates + + + + -
3 Cardiac glycosides + + + - +
4 Flavonoids + - + + +
5 Phenol + + + - -
6 Amino acids and proteins + - - - -
7 Saponin + - - - -
8 Sterol - + - - +
9 Tannin + + + - -
10 Terpenoid - + + + +
11 Quinones - - + + -
12 Oxalate - - - - -
13 Phlobatannin - - - - -
14 Phytosterol - + + + -
15 Gum - + + + +
16 Fat - - - - -
17 Glycoside - - - - -
18 Xanthoproteic - - - - +
19 Anthocyanin - - - - -
20 Coumarin - + + + "
21 Leucoanthocyanin - - - - -
22 Cholesterol - - - - -
23 Emodins - - - - -
24 Oil X X X + X
25 Carotenoid X X X - X
26 Polyuronids - - - X X

Note: “+”: detected; ““-”: undetected; “X”’: not tested.

Table 2: Regression equation and ECs, value (ug/mL) for
DPPH free radical scavenging activity of B. latisepala whole
stem extracts

Treatments Regression equation R’ ECso (ug/mL)
Aqueous y =0.0045x + 0.0195  0.9871 107.65 + 4.90°
extract

Methanol y=0.0042x + 0.0682  0.971 101.50 + 2.37°
extract

Ethanol y =0.0006x - 0.0026  0.9854 806.30 + 23.52°
extract

Control: y =0.1526x - 0.0584  0.9518 3.65 +0.26°
ascorbic

acid

ECso values, shown in mean + SE, in a column that have the same
letter are not significantly different (Duncan, P > 0.05).

When compared with B. laxiflora, a species of the same genus, the
aqueous extract of B. latisepala had significantly higher antioxidant
activity (ECso = 107.65 = 4.90 pg/mL) as against ECsp of 2037.4
238.18 pg/mL for B. laxiflora.?

Antibacterial activity

The antibacterial activity of the whole plant extract of B. latisepala
was investigated on 6 bacterial strains including Bacillus cereus,
Bacillus subtilis, Escherichia coli, Salmonella sp., Pseudomonas
aeruginosa, and Staphylococcus aureus. The results showed that the
whole plant extract of B. latisepala was inactive against strains of
bacteria including Gram-negative bacteria (B. cereus, B. subtilis, E.
coli, Salmonella sp.) and Gram-positive bacteria (S. aureus, P.
aeruginosa). It was observed that the higher the concentration of the
extracts, the higher the antibacterial activity. However, the ethanol
extract did not show good antibacterial activity against all the tested
organisms. It has been found that E. coli often causes chronic and
acute diarrhea, urinary tract infection, sepsis, and meningitis.”® P.
aeruginosa has been associated with increased mortality in
bloodstream infection compared to infections such as urinary tract
infection, hospital-acquired pneumonia which are caused by other
gram-positive organisms.?* Salmonella infection causes gastroenteritis
and severe septicaemia. S. aureus is a common cause of a wide range
of acute and chronic skin superficial infections, pneumonia,
osteomyelitis, and mastitis.?
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Table 3: Antibacterial activity of B. latisepala whole stem extracts
Antibacterial ring diameter (mm)
Bacteria Solvents
50 mg/mL 100 mg/mL 200 mg/mL 300 mg/mL 400 mg/mL Amoxicillin -~ DMSO 10%
B. cereus Aqueous  1.00 £1.00°? 2.00+1.00"  3.67+057 3.67+057%  3.67+057" - -
Methanol - 1.00 £1.00"?  2.67+2.08™  3.67+208"  4.33+2.08" - -
Ethanol - - - 1.00+1.00" 2,67 +153* - -
B. subtilis Aqueous  1.00+1.00°  2.00+1.00”  3.67+058"  3.67+058"  3.67+058% - -
Methanol - 0.68+0.58"2  1.67+058”  433+208"  567+252" - -
Ethanol - - - - - - -
E. coli Aqueous  3.33+1.16" 500+1.00% 833+058™ 9.33+058™ 10.00 +1.00* 9.67 +1.16® -
Methanol - - 1.00+1.00%  1.33+1.16%  50+1.73*  9.00+ 1.00° -
Ethanol - - - - - 10.33 +1.16° -
Salmonellasp.  Aqueous  7.00 +1.73" 11.33+058" 1467 +1.16™ 16.33+1.16" 15.00+1.00™ 13.67 +2.08" -
Methanol - - 1.00+1.00% 533+116"  867+058%  15.00 +1.00° -
Ethanol - - - - - 13.67 +2.08° -
P.aeruginosa  Agueous 2.33+0.58" 4.33+058"  7.33+0.58"  8.00+0.00"  9.00+0.00" - -
Methanol ~ 1.00 £ 1.00  3.00+0.00%  4.33+0.58”  7.00+1.00"  7.67 +0.58% - -
Ethanol - - 0.67£0.58"  2.33+0582  2.00+0.00% - -
S. aureus Aqueous 2.67 231" 533+1.16" 6.67+1.16"2 9.00+1.00™" 9.00+0.00"%  13.0 +5.20° -
Methanol  2.00 +2.00%" 3.33+3.06"  8.00+0.00" 9.67+0.58" 11.00+1.00™ 17.33+0.58 -
Ethanol - - - - 1.67+1.16"  16.00+1.73° -
Note: “-” undetected

The means + standard deviation with the same letter in the same row (corresponding to each concentration) and same number in the same

column (corresponding to each solvent) are not significantly different (Duncan, p > 0.05).

The aqueous and methanol extracts of B. latisepala were highly active
against these bacteria strains. However, the ethanol extract of B.
latisepala showed low antibacterial and antioxidant activities. This
may be attributed to the presence of gum in the sample which may
have affected the extraction of other substances contained in the plant
extract due to the insoluble nature of the gum in ethanol.

Conclusion

The phytochemical analysis of B. latisepala whole stem extracts
reveal the presence of sixteen (16) chemical compounds, including
alkaloids, carbohydrates, cardiac glycosides, flavonoids, phenols,
amino acids and proteins, saponins, sterols, tannins, terpenoids,
quinones, phytosterols, gum, xanthoproteic, coumarin, and essential
oils. B. latisepala whole stem water and methanol extracts had better
free radical scavenging activity than the ethanol extract. Aqueous and
methanol extracts of B. latisepala whole stem also showed
antibacterial activity.

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgments

This research was funded in part by the Can Tho University basic
project No. T2021-113.

References

1. Vo VC. Dictionary of medicinal plants in Vietnam. Ha Noi:
Vietnam Publisher of Medicine; 2012; 1541p.

2. Thanh Tung N, Viet Than N, Quang Hung N. Balanophora
subcupularis P. C. Tam (Balanophoraceae): New Record
Species for Flora of Vietnam. J Pharmacogn Nat Prod. 2017;
03(02):1-3.

3. Wang X, Liu Z, Qiao W, Cheng R, Liu B, She G.
Phytochemicals and biological studies of plants from the
genus Balanophora. Chem Cent J. 2012; 6(1):79.

4. Vietnam Ministry of Health. Vietnamese Pharmacopoeia. (5th
ed.) Part 2. Ha Noi: Medical Publishing House; 2017; 1043p.

5. Ukwubile CA, Ahmed A, Katsayal UA, Ya’u J, Mgjida S.
GC-MS  analysis of bioactive compounds from
Melastomastrum capitatum (Vahl) Fern. leaf methanol
extract: An anticancer plant. Sci Afr. 2019; 3:e00059.

6. Félix-Silva J, Souza T, Menezes YAS, Cabral B, Camara
RBG, Silva-Junior AA, Rocha HAO, Rebecchi IMM,
Zucolotto SM, Fernandes-Pedrosa MF. Aqueous leaf extract
of Jatropha gossypiifolia L. (Euphorbiaceae) inhibits
enzymatic and biological actions of Bothrops jararaca snake
venom. PLoS One. 2014; 9(8):1-14.

7. Abegunde SM and Ayodele-Oduola RO. Comparison of
Efficiency of Different Solvents used for the Extraction of
Phytochemicals from the Leaf, Seed and Stem Bark of
Calotropis procera. Int J Sci Res. 2015; 4(7):835-838.

8. Narasinga RV and Kaladhar D. Biochemical and

1258

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

Trop J Nat Prod Res, July 2021; 5(7):1255-1259

Phytochemical Analysis of The Medicinal Plant, Kaempferia
galanga Rhizome Extracts. Int J Sci Res. 2012; 3(1):18-20.
Shekhar TC and Anju G. Antioxidant Activity by DPPH
Radical Scavenging Method of Ageratum conyzoides Linn.
Leaves. Am J Ethnomed. 2014; 1(4):244-249.

Jaradat NA, Salahat AKI, Abu-Hadid M. Exhaustive
extraction and screening the biological activities of
Heliotropium hirsutissimum (hairy heliotrope): A member of
palestinian Flora. Asian J Pharm Clin Res. 2014; 7(5):207-
210.

Edori OS and Marcus AC MMD. Phytochemical and Anti-
microbial Screening of Phyllantus fratenus and Taraxacuim
officinale Leaves. Biochem Anal Biochem. 2019; 08(01):1-5.
Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha LY.
Extraction, isolation and characterization of bioactive
compounds from plants’ extracts. Afr J Trad Compl Altern
Med. 2011; 8(1):1-10.

Nguyen TT, Nong PA, Ho TT, Nguyen VQ, Le NV, Bui TT,
Nguyen VT, Nguyen QH. Morphological characteristics of
flowers and pollen, Preliminary Phytochemical Evaluation
and Thin layer chromatography of ethanol extracts of five
species of genus Balanophora J.R. & G. Forst collected in
Viet Nam. J Ayurvedic Herb Med. 2018; 4(2):60-65.

Madike LN, Takaidza S, Pillay M. Preliminary Phytochemical
Screening of Crude Extracts from the Leaves, Stems, and
Roots of Tulbaghia violacea. Int J Pharmacogn Phytochem
Res. 2017; 9(10):1300-1308.

Gandhi H and Khan S. Biological Synthesis of Silver
Nanoparticles and Its Antibacterial Activity. J Nanomed
Nanotechnol. 2016; 07(02):1-3.

Muselik J, Garcia-Alonso M, Martin-Lopez M, Zemlicka M,
Rivas-Gonzalo J. Measurement of Antioxidant Activity of
Wine  Catechins, Procyanidins,  Anthocyanins  and
Pyranoanthocyanins. Int J Mol Sci. 2007; 8(8):797-809.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Marcus AC, Edori OS, Maduagu MC. Phytochemical and
Anti-microbial Screening of Phyllantus fratenus and
Taraxacuim officinale Leaves. Biochem Anal Biochem. 2019;
08(01):1-5.

Karak P. Biological Activities of Flavonoids: an Overview.
Int J Pharm Sci Res. 2019; 10(4):1567-1574.

Tan N, Yazici-Titiinis S, Bilgin M, Tan E, Miski M.
Antibacterial activities of pyrenylated coumarins from the
roots of Prangos hulusii. Molecules. 2017; 22(7):1-8.

Kumbar S, Hosamani K, Shettar A. Physicochemical
properties, antioxidant and anti-inflammatory activities of
coumarin-carbonodithioate hybrids. Asian Pac J Trop
Biomed. 2018; 8(4):201-206.

Rabi T and Bishayee A. Terpenoids and breast cancer
chemoprevention. Breast Cancer Res Treat. 2009; 115(2):223-
239.

Hang TT, Quyen TT, Huy NQ, Thi L, Hoa P. Second
Metabolite  Composition, ~ Antioxidative,  Tyrosinase
Inhibitory, ~ Antibacterial and Anticancer Activity of
Balanophora laxiflora Extract. 2016; 32(2):6-14.

Werner M, Suchodolski JS, Straubinger RK, Wolf G, Steiner
JM, Lidbury JA, Neuerer F, Hartmann K, Unterer S. Effect of
amoxicillin-clavulanic acid on clinical scores, intestinal
microbiome, and amoxicillin-resistant Escherichia coli in
dogs with uncomplicated acute diarrhea. J Vet Intern Med.
2020; 34(3):1166-1176.

Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic
resistance Pseudomonas aeruginosa in intensive care unit; a
critical review. Genes Dis. 2019; 6(2):109-119.

Becker K. Pathogenesis of Staphylococcus aureus. In:
Staphylococcus aureus. Elsevier; 2018. 13-38 p.

1259

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



