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Summary

This study investigated the chemical components and bioactivities
of acetone leaf extracts of nine Annonaceae plants collected in the
Binh Chau-Phuoc Buu Nature Reserve, Vietnam. A total of 182 con-
stituents were identified, with linolenic acid, diacudesmin, germa-
crene D, 1-octadecenoic acid, 8-(3-octyl-2-oxiranyl)-1-octanol, oleic
acid, and phenylmethyl ester being the major compounds. The anti-
microbial activity of the extracts was evaluated using a disc diffusion
assay. Eight of the nine extracts, except for the Mitrephora thorelii
extract, showed an inhibition effect against Bacillus cereus and
Staphylococcus aureus. The antioxidant activity of the extracts was
determined using DPPH assay, and the cytotoxic activity was deter-
mined using SRB assay. The results showed that the acetone extracts
of Artabotrys hexapetalus, Uvularia grandiflora, Polyalthia luensis,
Xylopia pierrei, Sphaerocoryne affinis, Desmos cochinchinensis,
Uvaria littoralis, Mitrephora thorelii, and Goniothalamus touranen-
sis had significant activity with ICs, for the DPPH radical scavenging
activity ranging from 18.56 to 702.33 pg/mL, and the ICs, for the
cytotoxic effects ranged from 5.39 to 251.77 ug/mL. Overall, the re-
sults obtained provide experimental evidence for the potential use of
these plants in medicine and other related fields.

Keywords: Annonaceae, antibacterial activity, antioxidant activity,
Binh Chau-Phuoc Buu, chemical composition, cytotoxicity.

Introduction

Annonaceae is a large family of 2,500 species belonging to 135 gene-
ra, mainly found in tropical and subtropical regions (AzIZ et al.,
2016). Annonaceae is known as an economic family, with many
species used as sources of edible oils and fruits (AL KAZMAN et al.,
2022). The seeds of some species are used in the production of soap
as well as edible oils, while the flowers are used in the perfume in-
dustry (QUILEZ et al., 2018). A large number of Annonaceae species
have been used for medicinal properties to treat skin diseases, fe-
ver, flu, asthma, wounds, stomachache, and cough (BREUER et al.,
1982; KLuzA et al., 2007). Accordingly, Annonaceae plants have also
been reported to possess many valuable biological activities such as
antioxidants, antimicrobial, anti-cancer, and anti-ulcerogenic effects
(LEITE et al., 2021).

Vietnam is an important and diverse region for Annonaceae, with
more than 183 recorded species distributed in 29 genera, 2 subspe-
cies, and 21 varieties (NGUYEN et al., 2016). Despite this rich di-
versity, research on the chemical compositions and bioactivities of
Annonaceae species in Vietnam has been limited. Only a handful of
studies have explored this area, such as examinations of the chemical
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compositions of essential oil from the flower Artabotrys hexapetalus
(PHAN et al., 2007), investigations into the chemical constituents of
the leaf of Uvaria grandiflora (TRAN et al., 2017), and the exploration
of the potential benefits in ameliorating locomotor disabilities and
dopaminergic neuron degeneration through the aqueous extract from
Sphaerocoryne affinis (NGO et al., 2022). Species like Goniothalamus
touranensis, Polyalthia luensis, and Uvaria littoralis, which are also
found in Vietnam, remain largely unexplored on a global scale to date.
Moreover, while non-polar solvents (e.g., chloroform and n-hexane)
and polar solvents (e.g., water, methanol, and ethanol) are commonly
employed for extracting plant active compounds, intermediate-polar
solvents such as acetone and dichloromethane have been shown to
offer a more comprehensive chemical composition or enhanced yield
for flavonoid extraction (CHUO et al., 2022; DIRAR et al., 2019).

This study, therefore, seeks to elucidate the chemical constituents,
antibacterial, antioxidant, and cytotoxic activities of acetone extracts
isolated from nine Annonaceae species including A. hexapetalus,
Desmos cochinchinensis, G. touranensis, P. luensis, Mitrephora tho-
relii, S. affinis, U. grandiflora, U. littoralis and Xylopia pierrei
collected from the Binh Chau-Phuoc Buu Nature Reserve in Vietnam
for the first time.

Materials and methods

Plant materials

The leaves of nine studied plants belonging to Annonaceae, including
Artabotrys hexapetalus, Desmos cochinchinensis, Goniothalamus
touranensis, Polyalthia luensis, Mitrephora thorelii, Sphaerocoryne
affinis, Uvaria grandiflora, Uvaria littoralis and Xylopia pierrei were
collected from Binh Chau-Phuoc Buu Nature Reserve, Ba Ria-Vung
Tau Province, Vietnam. The vouchered specimens of these species
were deposited at the Herbarium of Binh Chau-Phuoc Buu Nature
Reserve.

Extraction procedures

Each studied plant’s leaves (10 kg) were dried at 50 °C until un-
changed weights were achieved. An electric grinder was used to
grind the dried samples into the powder, and 100 g of the powder
was subsequently macerated in 500 ml of acetone 99% solution
(Thermo Fisher Scientific, USA) for 72 hours at room temperature.
The Whatman paper was used to filter the extracts. The process was
repeated twice. The rotary evaporator concentrated the total filtrate
under reduced pressure at 45 °C. Finally, the extracts were dried to
remove the remaining acetone completely.

Gas chromatography-mass spectrometry (GC/MS) analysis
The chemical compositions of nine acetone extracts were determined
using the gas chromatograph GC TRACE 1310 and a single qua-
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drupole mass spectrometer ISQ 7000 (Thermo Fisher Scientific
Inc., Waltham, MA, USA). A DB-5MS column (30 m x 0.25 mm x
0.25 um) was employed for this analysis. Helium was the carrier gas
with a constant 1.2 mL/min flow rate. The samples were introduced
into the GC system with an injection chamber temperature of 270 °C.
The samples were injected using split mode, with a divided flow rate
of 36 mL/min, a split ratio 30:1, and a splitless time of 1 minute.
The column was set at 80 °C for 5 min, then 280 °C for 10 min, and
finally 300 °C for 3 min at a constant heating rate of 20 °C/min. The
ion source temperature was maintained at 250 °C, while the trans-
fer line temperature was set to 280 °C. Electron impact ionization
was employed with an energy level of 70 eV. The mass range for
MS acquisition was 29-650 m/z, and the scanning frequency was two
scans/sec. The chemical compositions in the samples were identified
by comparing their mass spectra with those in the NIST 2017 library.

Determination of the antibacterial activity of the extracts

The antibacterial activities of the acetone extracts from the leaves
of the nine studied species were tested against two bacterial patho-
gens Bacillus cereus (ATCC 11774), Staphylococcus aureus (ATCC
25923) in order to explore their potentials in medicine and food
industries. The strains were preserved in 20% glycerol solution at
20 °C and activated by cultivation in Luria-Bertani broth at 37 °C for
24 h before the antibacterial activity assay.

The CLSI (Clinical and Laboratory Standards Institute) guide per-
formed the antibacterial activity assays. The LB Broth was used to
grow the studied bacterial strains until the turbidity of 0.5 McFarland
standards. 100 pL of bacterial culture was spread on a sterile Mueller
Hinton plate. The sterile paper discs (6 mm diameter) containing
10 pl of the studied extracts solution were placed on the plate surface.
The plate was incubated at 37 °C for 24 hours, and the antimicrobial
effects of the studied specimens were identified by measuring the in-
hibition zone diameter of the oral bacterial strains. Gentamycin anti-
biotic discs (supplied by Nam Khoa BioTek, Vietnam) were used as
the positive control, and 5% dimethyl sulfoxide solution (Bio Basic,
Canada) was used as a negative control.

Determination of the antioxidant activity of the extracts

DPPH solution of 150 uM was prepared with methanol 80%, and
200 ul was immediately mixed with 25 pl of sample solution at dif-
ferent concentrations in each well on a 96-well plate. The samples
were incubated in the dark for 20 minutes. The optical density was
measured at 517 nm. Trolox was used as a positive control. All the
chemicals were obtained from Thermo Fisher Scientific, USA.

The DPPH free radical scavenging percentage was calculated by the
formula: SC% = 1-[ODt/ODc] x 100 (%).ODt stands for the optical
density of the test sample after subtracting the blank, and ODc stands
for the control sample’s optical density after subtracting the blank.
The ICs, values were determined using Graphpad Prism software
with multi-parameter non-linear regression and R2 > 0.9.

Determination of cytotoxicity of the extracts

The nine studied extracts’ cytotoxic effects were identified using SRB
(Sulforhodamine B) method. The human liver cancer cell line (Hep
G2) (ATCC, USA) was cultured in Eagle’s minimum essential me-
dium (E’MEM), supplemented with L-glutamine (2 mM), HEPES
(20 mM), amphotericin B (0.025 pg/ml), penicillin G (100 UI). /ml),
streptomycin (100 pg/ml), 10% (v/v) fetal bovine serum FBS and
incubated at 37 °C, 5% CO,.

Single cells were cultured on 96-well culture plates at 104 cells/well
density. After 24 hours of culture, the cell population was incubated
with the studied samples at different concentrations for 48 hours. The
total proteins from test cells were fixed with a 50% cold trichloroace-

tic acid (Sigma) and stained with 0.2% sulforhodamine B solution
(Sigma). The results were identified by the ELISA reader at 492 nm
(ODyg,) and 620 nm (ODgy) and were calculated by using the follow-
ing formula:

- OD = ODyg; - ODgx (1)

- ODy; (0r ODg29) = ODcey - ODpjank (2)
The percentage (%) causing cytotoxicity was calculated according to
the formula:

Where

- OD¢eyi: OD values of the well containing cells

- ODyjank: OD values of the blank well (no cells)

- OD1n: OD values of the studied samples obtained from formulas

(1) and (2)
- ODc: OD values of the control obtained from formulas (1) and (2).

Data analysis

The experiments were conducted in triplicate, and the results were
expressed as a meantstandard deviation (SD). The data were ana-
lyzed by the one-way analysis of variance (ANOVA) assay that was
used to compare different groups using Fisher’s least significant dif-
ference (LSD) procedure (p<0.05). Statistical analysis was performed
using Statgraphics Centurion XV (version 15.1.02, Statgraphics
Technologies, Inc., USA).

Results and discussion

Chemical compositions of acetone extracts of nine Annonaceae
plants

The chemical components of acetone extracts isolated from the leaves
of nine Annonaceae species were presented in Tab. 1, in which a
total of 182 compounds have been identified. Accordingly, the extract
of P. luensis was characterized by the predominance of linolenic acid
(24.56%), caryophyllene (10.56%), chondrillasterol (7.45%), phytol
(6.27%), and hexadecanoic acid (8.32%). The U. littoralis extract
mainly contained linolenic acid (13.3%), oleic acid (7.80%), and ben-
zoic acid (5.7%), while diaeudesmin (44.66%), oleic acid (36.61%)
were the major compounds in the M. thorelii extract. Furthermore,
X. pierrei extract was found to contain germacrene D (19.79%), 3-
hydroxypregn-5-en-20-one (16.23%), kauren-19-oic acid (15.75%),
phytol (7.04%) and spathulenol (6.94%) as the dominant constitu-
ents whereas S. affinis extract was found to be rich in benzoic acid,
allyl ester (7.48%), resorcinol monobenzoate (4.87%) and flavone,
5,7-dimethoxy (3.76%). The leaf extract of G. touranensis was domi-
nated by 11-octadecenoic acid (18.57%), 2-methoxybenzyl benzoate
(10.2%), hexadecanoic acid (7.13%) and 1,5-Diphenyl-2-pentyne-
1,5-diol (6.13%) while 8-(3-octyl-2-oxiranyl)-1-octanol (22.30%),
benzoic acid (17.46%) and linolenic acid (11.90%) were the major
compounds in the U. grandiflora extract. Furthermore, the main
components of the A. hexapetalus extract were oleic acid (58.44%),
3-O-methylhexose (9.00%), hexadecanoic acid (5.71%), and caryo-
phyllene (5.08%). In contrast, D. cochinchinensis extract was cha-
racterized by large quantities of benzoic acid, phenylmethyl ester
(28.08%) and trans-nerolidol (11.80%).

Notably, the acetone extracts of five species such as U. littoralis, S.
affinis, G. touranensis, D. cochinchinensis and U. grandiflora con-
tained several unknown compounds (UC) as the major components in
spite of the fact that NIST 2017 library, the most innovative library,
was used in this study. As a result, G. rouranensis extract was found
to be rich in UC1 (25.27%) and UC2 (13.88%) while UC3 (35.84%)
and UC6 (16.33%) were the major constituents in the U. littoralis ex-
tract. In addition, UC4 (60.42%) was the most abundant component
in the S. affinis extract whereas UC7 (9.09%) was the major com-
pound in the U. grandiflora extract. Furthermore, the acetone extract
of D. cochinchinensis contained UC9 (11.88%) and UC10 (10.61%)
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Tab. 1: Chemical compositions of the acetone extracts from leaves of the nine Annonaceae species

No. RT Compounds The relative percentage (%)
PL UL XP SA GT uG AH MT DC
1 349 2-Thujene - - 0.18 - - - - - -
2 3.61 o-Pinene - - 0.21 - - - - - -
3 4.02 Glycerin 091 0.11 - - - - - - -
4 4.06 Caproic acid - - - - - 0.12 - 0.04 -
5 436 2-Menthene - - 133 - - - - - -
6 444 trans-3-Hexenoic acid - - - - - - - - 0.04
7 451 [-Pinene - - 1.00 - - - - - 0.09
8 4.53 trans-3-Hexenoic acid - - - - - 0.71 - - 0.02
9 5.05 Ethylidene acetate - - - - - - - 0.01 0.03
10 5.16 a-Phellandrene - - - - - 0.07 0.55 - -
11 5.58 Benzene - - - - - - 0.09 - -
12 5.77 Benzenemethanol - 0.05 - - - - - - 4.17
13 592 4-Methyl-2-propyl-1-pentanol - - - - - - 0.19 - -
14 6.40 Ethanone, 1-phenyl - - - - - - - - 0.84
15 6.86 Methyl benzoate - - - - - 0.04 - - 0.05
16 6.93 Linalool - 0.09 047 - 0.15 0.15 - - 0.04
17 7.59 Pinocarveol - - 04 - - - - - -
18 7.62 cis-Pinen-3-ol - - 0.19 - - - - - -
19 7.85 Pinocarvone - - 0.20 - - - - - -
20 797 Benzenecarboxylic acid - - - 3.94 - - - - -
21 8.11 Benzoic acid 0.18 5.70 - - - 17.46 - - 3.67
22 8.24 Myrtenol - - 1.01 - - - - - -
23 9.70 a-Cubebene - - 0.38 - - - 0.36 - -
24 9.82 Phenol, o-propyl- - - - 0.11 - - - - -
25 9.96 Copaene - 0.21 1.24 0.12 0.07 0.05 0.22 0.03 335
26 9.99 Ylangene 0.12 - - - - - - - -
27 10.05 [B-elemene - - - - - 0.14 - - 0.32
28 10.26 Cinnamic acid - - - - 0.08 - - - -
29  10.29 Butyrophenone - - - 0.45 - - - - -
30 1033 Caryophyllene 10.56 0.33 1.14 1.11 0.36 2.74 5.08 0.59 2.65
31 10.39 Benzene 0.21 - - - 0.11 - - - -
32 1040 Propionic acid, 3-benzoyl - - - - - - - - 0.21
33 10.41 4-n-Propylresorcinol - 0.02 - - - - - - -
34 1058 a-Caryophyllene - - 0.23 0.14 0.07 - 0.68 - -
35 1059 Humulene 4.32 - - - - 0.18 - 0.12 044
36 10.63 Methyl 2-(benzoyloxy)ethanoat - - - 0.09 - - - - -
37 10.68 Cadina-1(10) 4-diene - - - - - - 0.11 0.05 -
38 10.69 Naphthalene, 1,2,3.4,4a,5,6,8a- - - 0.77 - - - - - -
39 1077 Germacrene D 1.43 040 19.79 0.77 0.12 0.13 02 - 0.58
40  10.78 Isogermacrene D - - - - - - 042 - -
41 10.82 Anhydro-d-mannosan - - - - - - 0.35 - 0.07
42 1085 Bicylogermacrene - - - 1.03 - - 0.52 - -
43 10.86 v-Elemene - 0.22 0.59 - - 1.22 - 0.19 0.26
44 1097 v-Cadinene - - 1.07 - - - 0.54 - -
45 11.00 Hedycaryol - - - - - - - - 021
46 11.01 Cadina-1,3,5-triene - - - - - - 0.34 - -
47 11.09 0-Cadinene - - - - - - 044 - -
48 11.14 n-Dodecanoic acid - - 0.14 - - 0.06 - - -
49 11.19 trans-Nerolidol - - - - 0.32 - - - 11.8
50 11.20 Phenol, 2,6-dimethoxy-4-vinyl- - - - - - 0.07 - - -
51 1141 Spathulenol - 0.52 6.94 - - 0.57 - - -
52 1145 4-n-Propylresorcinol - - - - - - 1.06 - -
53 1146 Caryophyllene oxide 5.12 - 1.12 - 0.92 0.32 - - 0.38
54 11.52 Mintketone - - 0.34 - - - - - -
55 11.62 2-(Acetyloxy)-4-allylphenyl acetate - - - 0.32 - - - - -
56 11.63 5-Cyclodecen-1-ol, 4,10-bis(methylene)- - - 0.76 - 0.11 - - - -
7-(1-methylethyl)-
57  11.66 Megastigmatrienone - - - - - 0.07 - - -
58 11.67 Humulene epoxide IT 145 - - - - - - - -
59 11.74 Aromadendrane-4,10-diol - - 0.13 - - 0.10 - - -
60  11.75 v-Eudesmol - - - - - - - - 0.54
61 11.79 Cadinol - - 1.09 - - - - - -

62 1191 Eudesm-4(14)-en-11-ol - - 0.76 - - - - - 3.40
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No. RT Compounds The relative percentage (%)
PL UL XP SA GT UG AH MT DC
63 1194 Guai-1(10)-en-11-0l - - - - - - - - 0.16
64 1201 Isoaromadendrene epoxide 0.57 - - - - - - - -
65 12.06 Ledene oxide-(II) - - 0.35 - - - - - 0.03
66 12.10 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a- - - 0.99 - - - - - -
octahydro-2-naphthalenol
67 1234 Oplopanone - - 0.71 - - 0.20 - - -
68 1236 Myristic acid - - - - - - 0.30 0.06 -
69 12.44 Aromadendrene oxide-(1) - - 0.59 - - - - - -
70 1249 (2.2,6-Trimethyl-bicyclo [4.1.0] hept-1-yl)- - - - - - - - 0.05 -
methanol
71 1251 Benzyl Benzoate - 0.25 - - - - - - -
72 12.52 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro- - - - - 0.07 - - - -
6-hydroxy-4 4,7a-trimethyl
73 1253 3-O-Methylhexose - - - - - - 9.00 - -
74 1255 Benzoic acid, phenylmethyl ester - - - - - - - - 28.08
75 12.58 4 4 8-Trimethyl-non-7-en-2-one - - - - - - - 0.07 -
76 12.66 2,3,32,4,5,6,7,7a-Octahydro-1H- - 0.12 - - - - - - -
cyclopenta[a]pentalen-7-ol
77 12,67 1,3-Benzenedicarboxaldehyde, 2-hydroxy- - - - - - - 0.45 - -
5-methylOH
78 12.77 2-Hexadecene, 3,7,11,15-tetramethyl - - - - - - - 0.03 -
79  12.80 Neophytadiene - 0.46 1.40 0.54 - 1.25 143 1.09 0.68
80 1282 Shyobunol - - - - 0.20 - - - 0.53
81 12.83 2-Hexadecene, 3,7,11,15-tetramethyl 1.18 - - - - - - 0.09 -
82 12.84 Proximadiol - - - - - - - - 0.90
83 12.92 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl 045 0.08 - 0.11 - 0.2 0.25 0.16 0.07
84  13.00 Benzoic acid, phenethyl ester - - - - 0.23 - - - 1.03
85 13.03 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-, acetate 0.62 0.12 - 0.18 042 042 0.44 0.28 0.14
86  13.08 Salicylic acid - 0.05 - - - - - - -
87 13.17 4 7-Methano-1H-inden-1-ol - - - - 0.77 - - - -
88  13.20 Farnesyl acetone - - - - - - - - 0.16
89 1322 Clovanediol - - - - 0.15 - - - -
90 1326 8-a-11-elemodiol - - - - - - - - 0.08
91 13.28 Hexadecanoic acid, methyl ester 0.36 - - - - - - - -
92 13.33 (9E)-9-Hexadecenoic acid - 0.05 - - - - - - -
93 1348 Hexadecanoic acid 832 328 2.07 0.57 7.13 446 571 2.89 0.50
94 1358 Squalene - - - - - - - - 0.01
95 1363 trans-Geranylgeraniol - - - - - - - - 0.01
9  13.67 2-Methoxybenzyl benzoate - - - 0.10 10.2 - - - -
97 13.75 2-Propen-1-ol, 3-phenyl-, benzoate - - - - - - - - 0.04
98 13.84 Unknown compound 1 - - - - 25.27 - - - -
99  13.88 Benzeneacetic acid - - - - 041 - - - -
100 1393 n-Heptadecanoic acid - - - - - - 0.17 - 0.01
101 13.95 trans-9-Octadecen-1-ol - - - - - 0.87 - - 0.04
102 13.99 9-Oxatetracyclo [5.3.1.0(2,6).0(8,10)] undec-3-ene - - - - 3.08 - - - -
103 14.00 o-Methoxyphenyl benzoate - 0.10 - - - 0.23 - - -
104 14.05 Ledene oxide-(II) - - 0.35 - - - - - -
105 14.10 9,12-Octadecenoic acid, methyl ester - 0.06 - - - - - - 001
106 14.11 Kaur-16-ene - - 0.18 - - - - - -
107 14.13 Oleic acid, methyl ester - 0.05 - - - - - - 0.06
108 14.16 Linolenin, 1-mono 0.51 - - - - - - - -
109 14.17 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl- - - - 0.52 0.95 - - - -
110 14.18 Phytol 6.27 0.14 7.04 - - 2.56 0.54 0.35 2.39
111 14.27 Linoelaidic acid - - - - - - - - 0.11
112 1431 Linolenic acid 24.56 13.30 2.75 0.54 - 11.90 - - 0.52
113 14.33 11-Octadecenoic acid - - - - 18.57 - - - -
114 1437 Oleic Acid - 7.80 - - 421 - 58.44 36.61 -
115 1445 Stearic acid 226 1.15 0.33 - - 0.66 1.25 0.49 0.09
116 1449 (1R ,6S)-6-Hydroxy-6-methyl-4-oxocyclohex- - - - 0.69 - - - - -
2-en-1-yl benzoate
117 14.58 1,5-Diphenyl-2-pentyne-1,5-diol - - - - 6.13 - - - -
118 14.64 Methyl 2-benzoyl-3-methyl-4H-pyrazole- - - - 0.17 - - - - -
3-carboxylate
119 1470 Unknown compound 2 - - - - 13.88 - - - -
120 14,78 9-(2-Oxiranyl)-1-nonanol - - - - - 043 - - -
121 14.87 8-(3-Octyl-2-oxiranyl)-1-octanol - - - - - 22.30 - - -
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No. RT Compounds The relative percentage (%)
PL UL XP SA GT UG AH MT DC
122 14.89 2,2-Dimethyl-1-phenyl-3-buten-1-one - - - 1.40 - - - - -
123 15.01 Benzoic acid, allyl ester - - - 7.48 - - - _ -
124 15.06 Unknown compound 3 - 35.84 - - - - - - -
125 15.09 Resorcinol monobenzoate - - - 4.87 - 3.08 - - -
126 15.14 1H-2,10a-Ethanophenanthrene, kaur-16-en-18- - - 1.02 - - = - - -
al deriv.
127 1524 Benzoic acid, 3-(3-oxocyclopentyl)-, allyl ester - 0.47 - - - - - - -
128 1528 Dehydroabietic acid - - 0.19 - - - - - -
129 15.29 Unknown compound 4 - - - 60.42 - - - - -
130 15.40 Unknown compound 5 - - - - - 2.18 - - -
131 1547 1-(3,3-Dimethyl-2-oxobicyclo [4.1.0] hept-7-yl) - - - - - 143 - - -
ethyl benzoate
132 15.50 Unknown compound 6 - 16.33 - - - - - - -
133 15.72 Methyl trisporate B - - - - - - - - 0.06
134 15.77 Unknown compound 7 - - - - - 9.09 - - -
135 15.84 Kauren-19-oic acid - - 15.75 - - - - - -
136 15.97 Glycidol oleate - - - - - - - 034 -
137 16.03 (2E)-2-Hexenyl benzoate - - - - - - - - 0.06
138 16.04 Dihydrochrysin - - - 0.54 0.34 - - - -
139 16.05 Palmitin, 2-mono- - 0.21 - - 1.26 0.30 047 0.30 0.24
140 16.10 Glycerol 1-palmitate - - - - - - - 0.03 -
141 16.11 Palmitin, 2-mono 1.28 - - - - - - - _
142 16.22 Methyl 5.,8,11-heptadecatriynoate 4.72 0.49 - - - - - - _
143 16.26 5,8,11-Eicosatriynoic acid, methyl ester 6.96 - - - - - - - -
144 16.32 Methyl trisporate B - - - - - - - - 0.57
145 1650 Flavanone, 5,7-dimethoxy - - - - - - - - 0.07
146 1651 Glycidyl palmitate - - - - - - - 0.12 -
147 16.62 Unknown compound 8 - 1.83 - - - - - - -
148 16.69 Flavone, 5-hydroxy-7-methoxy - - - 0.39 - - - _ -
149 16.89 (2E)-1-(2-Hydroxy-3 4 ,6-trimethoxyphenyl)- - 0.60 - - - - - - -
3-phenyl-2-propen-1-one
150  16.92 Dihydrooroxylin A - 1.61 - - - - - - -
151 17.02 3-Hydroxypregn-5-en-20-one - - 16.23 - 0.19 - - - -
152 17.17 Linolein, 2-mono- - 042 - - - - - - -
153 17.20 Glyceryl Monooleate - - - - - - 3.93 1.94 -
154 17.26 9-Octadecenoic acid (Z)-, 2-hydroxy-1- - - - - - - - 0.42 -
(hydroxymethyl)ethyl ester
155 17.33 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-phenyl - - - 3.55 - - - - .
156 17.36 Stearin, 1-mono - - - - - - 0.16 0.09 -
157 17.81 Flavone, 5-hydroxy-7-methoxy - - - - - - - - 0.76
158 1791 2°-Hydroxy-3 4 ,5-trimethoxychalcone - 0.66 - - - - - - -
159 17.99 Unknown compound 9 - - - - - - - - 11.88
160 18.00 Icosapentaenoic acid - - - - - - - 0.33 -
161 18.06 Glycidyl palmitoleate - - - - - - - 131 -
162 18.07 Flavone, 5,7-dimethoxy - - - 3.76 - - - - -
163  18.16 Supraene - 0.22 - - - 1.31 0.08 - -
164 1839 Unknown compound 10 - - - - - - - - 10.61
165 1843 Isocryptotanshinone - - - - - - - - 243
166 18.63 Doconexent - - - - - - - 0.33 -
167 1891 O-Arachidonoylglycidol - - - - - - - 0.11 -
168 19.77 Methyl 6,8-octadecadiynoate - - - - - - - 0.54 -
169 19.99 Methyl 7,9-octadecadiynoate - - - - - - - 3.54 -
170  20.09 9,12-Octadecadiynoic acid, methyl ester - - - - - - - 0.57 -
171 22.14 Vitamin E 7.86 1.30 2.55 325 0.62 7.04 240 0.61 1.75
172 22.60 3-(Benzoylsulfanyl)-2-methylpropanoic acid - - - - - 1.08 - - -
173 2322 Benzil - - - - - 1.71 - - -
174 23.89 Ergost-5-en-3-ol - - - 0.25 0.14 - - - -
175 23.94 Campesterol - 0.35 0.40 - - 0.38 045 - 0.37
176 2451 Stigmasterol 2.10 0.63 0.53 0.30 045 0.62 0.61 - 0.52
177 24.68 Diaeudesmin - - - - - - - 44 .66 -
178 2531 Dipentadecyl ketone - - - 0.14 - - - - -
179 2537 16-Hentriacontanone - - - - - - - - 024
180  25.72 [-Sitosterol - 1.56 1.99 1.08 0.52 1.60 1.77 0.58 0.64
181  25.85 Chondrillasterol 745 - - - - - - - R

Total 99.77 97.18 96.90 98.93 97.50 99.50 99.00 99.02 99.01
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as the main constituents. Thus, these chemical constituents should be
investigated further to determine whether they are new compounds.
As mentioned above, the chemical compositions of acetone extracts
obtained from the nine Annonaceae species have yet to be elucidat-
ed. However, there were several published data for chemical com-
ponents of other extracts isolated from some species in this study.
Accordingly, the major compounds of the essential oil of A. hexapeta-
lus flowers collected from Ha Noi, Vietnam, contained caryophyl-
lene oxide and (-caryophyllene (PHAN et al., 2007). In addition, the
dichloromethane extract of the aerial parts of A. hexapetalus from
Hong Kong contained B-methoxy-y-methylene-o., B-unsaturated-vy-
butyrolactones (WONG and BROWN, 2002).

The chemical components of the essential oils of D. cochinchinensis
collected from Vietnam have been reported by recent studies. As a
result, the flower oil of this plant was characterized by the abundance
of camphor, limonene, and a-pinene. The fruit oil of this plant was
mainly composed of b-caryophyllene, limonene, and germacrene D,
whereas b-caryophyllene, bicyclogermacrene, and benzyl benzoate
were the major compounds in the bark essential oil. SUTHIPHASILP
et al. (2020) identified 16 chemical compounds in the methanol and
ethyl acetate extracts of D. cochinchinensis flowers and leaves, in
which desmoscochinchinenes A-E were the new polyoxygenated
seco-cyclohexene derivatives (SUTHIPHASILP et al., 2020). Similarly,
a new benzyl benzoate derivative, five new oxepinones, four new
flavonoids, and 14 known compounds have been identified in ethyl
acetate extracts of D. cochinchinensis twigs and leaves (MEESAKUL
et al., 2019). Furthermore, the methanol extract of this plant has

been reported to contain two new compounds, including 1b,7a-dihy-
droxyeudesman-4-one, and SaH-megastigm-7-ene- 3a.4a,6b,9-tetrol
(Wuetal., 2014).

Previous reports showed six new polyoxygenated cyclohexenes,
namely uvarigranol D, C, G, H, I and Grandifloranol obtained from U.
grandiflora extracts (MACABEO et al.,2021). Moreover, grandionoside
A, anew megastigmane glycoside, and (-)-3-O-debenzoylzeylenone,
a new polyoxygenated cyclohexene, obtained from the aerial part ex-
tractof U. grandiflora have also been reported (MACABEO et al.,2021).
The methanol extract obtained from U. grandiflora twigs has been re-
ported to include six compounds such as aristolactam BI, griffithinam,
sinactine, isoursuline, aristolactam AII, and velutinam (KONGKUM
etal.,2021). TRAN et al. (2017) demonstrated that the major constitu-
ents of the leaf essential oils of U. grandiflora were limonene, benzyl
benzoate, a-phellandrene, and eugenol (TRAN et al., 2017). MENG
et al. (2007) showed that the methanol extract of M. thorelii aerial
parts and its fractions such as petroleum ether, chloroform and n-bu-
tanol contained 6a,16,18-trihydroxycleroda-3(4),13(14)-dien-15,16-
olide and 16-hydroxycleroda-3(4),13(14)-dien-15,16-olide, in which
the first one was a new compound (MENG et al., 2007). Similarly, GE
et al. (2008) firstly reported a new sesquiterpene (thorelinin) and three
new lignanamides (thoreliamides A, B, C) in the ethanol extract of
M. thorelii stems (GE et al., 2008). In addition, one triterpene (poly-
carpol), three heptenes ((7R)-acetylmelodorinol, (7R)-melodorinol,
melodienone) and four flavonoids (pinocembrin, isochamanetin,
chrysin, dichamanetin) have been reported in the stem bark extracts
of X. pierrei for the first time (CHOKCHAISIRI et al., 2017).

Tab.2a: Antibacterial activity of acetone extract of the eight Annonaceae plants

Scientific name Concentration PL XP SA Gentamicine
(mg/mL)

100 8.17+0.292 9.83+1.0420 8.83+1.262 11.33+2.08b¢ 18.50+1.324
150 8.83+0.29% 12.83+0.76¢ 10.67+1.15° 8.33+0.58% 17.33+0.58¢%

B. cereus 200 9.00+0.50% 8.50+0.50% 7.33+0.29° 8.67+0.58% 18.83+1.04¢
250 9.17+0.76% 8.67+1.534 7.67+0.582 13.33+1.15¢ 19.67+1.53¢
300 9.33+0.58% 12.33+0.58 11.002.6420 11.33+1.15% 20.33+0.584
100 7.67+0.58% 10.67+1.15° 7.17+0 .29 8.17+0.29° 20.67+1.534
150 7.83+0.76 8.33+1.04% 8.33+0.29% 14.33+1.53b 21.17+1 44<

S. aureus 200 8.67+1.15% 8.17+0.29% 8.17+0.29% 14.17+0.76¢ 21.00£1.32¢
250 8.33+1.15% 8.33+0.29% 8.50+0.87% 17.83+0.764 22.33+0.58¢
300 9.83+0.76% 9.33+0.29% 8.83+0.29% 18.00+0.504 23.50£0.50¢

Different superscript lower-case letters in the same row denote significant difference (p<0.05). PL: Polyalthia luensis, UL: Uvaria littoralis, XP: Xylopia
pierrei, SA: Sphaerocoryne affinis. (-): no inhibition.

Tab.2b: Antibacterial activity of acetone extract of the eight Annonaceae plants

Scientific name Concentration GT UG AH DC Gentamicine
(mg/mL)

100 13.67+1.53¢ - - - 18.50+1.324
150 19.50£0.50f 18.17+0.76%F 16.33+2.08¢ 14.17+0.7¢ 17.33+0.58%

B. cereus 200 11.33+2.31° 21.33+1.534 13.33+1.15° 7.67+1.15 18.83+1.04¢
250 18.33+1.534% 22.67+1.15 16.67+1.154 10.67+0.58° 19.67+1.53¢
300 18.330.58¢d 23.33x1.15 17.33+0.58¢ 10.67+1.15% 20.3320.584
100 17.33£1.15¢ - - - 20.67+1.534
150 19.67+3.21¢ 22.33+0.584 13.67+0.29° 12.67+1.15° 21.17+1 44

S. aureus 200 17.50+1.324 23.50+1.32f 14.83+1.04¢ 10.67+1.15° 21.00£1.32¢
250 18.67+0.294 24.83+0.76f 15.67+1.04¢ 12.17+0.29b 22.33+0.58¢
300 19.00+0.874 25.50+0.50" 16.50+1.32¢ 12.83+0.76° 23.500.50°

Different superscript lower-case letters in the same row denote significant difference (p<0.05). GT: Goniothalamus touranensis, UG: Uvaria grandiflora,
AH: Artabotrys hexapetalus, MT: Mitrephora thorelii, DC: Desmos cochinchinensis. (-): no inhibition.
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Antibacterial activity of acetone extracts of the nine Annonaceae
plants

The antibacterial activities of the acetone extracts of the nine An-
nonaceae plants were evaluated by the diameter of the inhibition
zone against tested bacteria. Accordingly, eight out of the nine stud-
ied extracts (except M. thorelii extract) were found to be effective
against two tested microorganisms, including B. cereus and S. aureus
(Tab. 2a and 2b). The extracts isolated from four species such as S.
affinis, G. touranensis, U. grandiflora and A. hexapetalus possessed
potent antibacterial effects against two studied bacterial strains.
Notably, the antibacterial activities of the U. grandiflora extract were
higher than positive control with gentamycin discs. Accordingly, at
doses of 100, 150, 200, 250 and 300 mg/mL, the diameters of inhibi-
tion zones of this extract against B. cereus were 18.17,21.33,22.67
and 23.33 mm while those of positive control were 18.33, 18.83,
19.67 and 20.33 mm, respectively. Similarly, the diameters of inhibi-
tion zones of these extracts against S. aureus were 22.33,23.50,24.83
and 25.50 mm whereas 21.17, 21.00, 22.33 and 23.50 mm, respec-
tively were shown by the positive control towards the same bacterial
strain at dose of 100, 150, 200, 250 and 300 mg/mL. Furthermore, the
D. cochinchinensis extract possessed moderate antibacterial effects
while P. luensis, U. littoralis and X. pierrei had weak inhibitory ef-
fects on B. cereus and S. aureus (Tab. 2a and b).

The chemical components in the acetone extracts of the nine
Annonaceae plants could be the main factor responsible for their anti-
bacterial activity. For instance, 3-caryophyllene has been reported to
possess antibacterial effects against many bacterial strains, including
Bacillus cereus, B. subtilis, Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Streptococcus mutans and Staphylococcus
aureus (FRANCOMANO et al., 2019). Furthermore, oleic acid was
found to be effective against B. subtilis, Micrococcus kristinae, S.
aureus, K. pneumonia (GHAVAM et al., 2021). a-Humulene had an
inhibitory effect on Bacteroides fragilis (JANG et al., 2020) while S.
aureus was inhibited by hexadecanoic acid (CARTRON et al., 2014).

Antioxidant activity of acetone extracts of the nine Annonaceae
plants

The antioxidant activity of the nine extracts from this study was de-
termined by using 1,1-diphenyl-2-picrylhydrazol (DPPH). The data
in Tab. 3 showed that the leaf extract of A. hexapetalus had the
strongest antioxidant activity with ICs, value of 18.56 pg/mL, fol-
lowed by the extracts of U. grandiflora, P. luensis, X. pierrei and
S. affinis with ICsy value of 49.55, 54.05, 73.57 and 79.73 nug/mL,
respectively. Meanwhile, the extracts of four species such as D. co-

Tab. 3: Antioxidant and cytotoxic activities of acetone extract of the nine
Annonaceae plants

ICs values (ug/mL)
DPPH HepG2

Polyalthia luensis 54.05+6.00 75.39+£1.05
Uvaria littoralis 228.43+24.07 65.70+5.05
Xylopia pierrei 73.57+3.24 251.77+11.50
Sphaerocoryne affinis 79.73+£3.65 72.54+4.07
Goniothalamus touranensis 702.33+37.17 5.39+0.46
Uvaria grandiflora 49.55+3.42 43.55+2.53
Artabotrys hexapetalus 18.56+0.80 83.53+4.42
Mitrephora thorelii 252.27+16.76 243.30+14.2
Desmos cochinchinensis 171.90+2.60 180.13+2.25
Trolox 7.58+0.22 -
Camptothecine - 0.08+0.02

chinchinensis, U. littoralis, M. thorelii and G. touranensis possessed
weak antioxidant effects with ICsy values of 171.90, 228.43, 702.33
and 702.33 pg/mL, respectively.

The antioxidant activities of the acetone extracts isolated from the nine
Annonaceae species in this study may be attributed to the chemical
components present in the extracts. For instance, [3-caryophyllene in-
hibited DPPH free radical scavenging and ferric-reducing antioxidant
power with ICs, values of 1.25 and 3.23 uM, respectively (DAHHAM
et al., 2015). LEITE et al. (2021) showed that 3-caryophyllene also
had antioxidant effects against hydroxyl radicals, superoxide an-
ions, and lipid peroxides (LEITE et al., 2021). Furthermore, SANTOS
et al. (2013) showed that phytol possessed potent antioxidant acti-
vity. This compound also removed nitric oxide, hydroxyl radicals and
prohibited the formation of thiobarbituric acid reactive components
(SANTOS et al., 2013). Spathulenol has been reported as a strong anti-
oxidant effect with ICs, values of 85.6, 639.25, and 26.13 pug/mL for
the DPPH, ABTS, and MDA assays (NASCIMENTO et al., 2018). Many
reports demonstrated that various vitamin E forms such as a, 3,y and
O-tocopherols are considered as strong peroxyl radical scavengers.
They are chain-breaking antioxidants and prevent the multiplication
of free radical damage in biological membranes (YAMAUCHI, 1997).
Previous reports showed the antioxidant activity of other extracts iso-
lated from several species in this study. For instance, the methanol-
ethyl acetate extracts of U. grandiflora and its component, velutinam,
showed antioxidant effect using DPPH assay with ICsy values of
310 and 240 pg/mL, respectively (KONGKUM et al., 2021). By using
DPPH free radical scavenging, NGO et al. (2022) demonstrated that
the fruit water extract of S. affinis possessed strong antioxidant acti-
vity with ICs, value of 85.62 pg/mL (NGO et al., 2022).

Cytotoxic activity of acetone extracts of the nine Annonaceae
plants

The cytotoxic activities of the acetone extracts of the nine Annonaceae
species against HepG2 cell line are presented in Tab. 3. Results indi-
cated that the extract obtained from G. touranensis possessed potent
cytotoxicity against HepG2 cells with an ICsy value of 5.39 ug/mL.
On the other hand, the extracts from five plants, including U. gran-
diflora, U. littoralis, S. affinis, P. luensis, and A. hexapetalus showed
moderate cytotoxic effects against HepG2 cell with ICs, values of
43.55,65.70,72.54,75.39 and 83.53 pg/mL. Meanwhile, the extracts
of D. cochinchinensis, M. thorelii, and X. pierrei exhibit weak cyto-
toxicity against HepG2 cells with ICs, values of 180.13, 243.30, and
251.77 pg/mL

The cytotoxic effects of the acetone extracts isolated from the nine
Annonaceae plants in this study may be attributed to the chemical
components present in the extracts. For example, o-humulene has
been demonstrated to possess strong cytotoxic properties against
L-929 and MCEF-7 cell lines (LEGAULT et al., 2003). CHEN et al.
(2019) showed that a-humulene has also been proven to have bioac-
tivity against several tumor cells, including PC-3, DLD-1, A-549, and
MA4BEU, while HCC cells were also inhibited by these compounds
(CHEN et al., 2019). In addition, hexadecanoic acid has been reported
to have significant cytotoxicity against human colorectal carcinoma
(HCT-116) and HT-29 human colon cancer cell lines (BHARATH
et al., 2021). Previous reports showed that oleic acid combined with
partially unfolded human o-lactalbumin has been shown to exhibit
a spectrum of tumor cells and effects against several differenti-
ated cells such as mammalian erythrocytes (HOQUE et al., 2017).
Stigmasterol has been demonstrated to possess potential anti-cancer
properties against human hepatoma HepG2 cells, whereas vitamin E
also possessed potent cytotoxic activities against human breast can-
cer cells (KM et al., 2014a). Furthermore, (3-caryophyllene oxide
and [-caryophyllene have been reported to possess significant anti-
cancer effects. Accordingly, the first compound has been proven to
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have bioactivity against many tumor cells, including HepG2, HeLa,
AGS, SNU-1, and SNU-16 (JuN et al., 2011), KBM-5, H1299, A293,
U266, and DU145 (Km et al., 2014b). Meanwhile, the later com-
ponent showed cytotoxic effects against HTC 116, PANC-1, HT-
29, ME-180, PC3, K562, and MCF-7 (DAHHAM et al., 2015). Also,
kauren-19-oic acid has been shown to exhibit against several human
cancer cell lines such as HL60, SF295, K562, and MDA-MB435
(CAVALCANTI et al., 2009).

The cytotoxicity of other solvent extracts obtained from several spe-
cies in this study has been reported by previous studies. For instance,
the solvent extracts of D. cochinchinensis have been reported as the
natural sources of tumor inhibitors. For instance, this species’ ethanol
extract fractions showed cytotoxicity against some human tumor cell
lines such as A549, MCF7, U2.51, and RPMI7951 (SUN et al., 1992).
The two new compounds, hexapetalines A and B, isolated from the
methanol extract of A. hexapetalus, possessed potent cytotoxic ac-
tivity against five human cancer cell lines, including HL-60, A-549,
SMMC-7721, SW480, and MCF-7 (ZHOU et al., 2015). Similarly, the
two components, (85,125)-yingzhaosu C and (8R,12R)-yingzhaosu C
isolated from ethanol extract of A. hexapetalus, had significant anti-
cancer activities. Accordingly, the first compound was evaluated for
its strong cytotoxic against HCT-116, HepG2, and A2780 cell lines,
whereas the latter was highly cytotoxic to A2780 cell line (X1 et al.,
2017).

In addition, the two new compounds, 6a,16,18-trihydroxycleroda-
3(4),13(14)-dien-15,16-olide and 16-hydroxycleroda-3(4),13(14)-
dien-15,16-olide obtained from methanol extract of M. thorelii also
had cytotoxicity against some human cancer cell lines. Accordingly,
both components were effective against human hepatoma BEL-7402
cells while the hepatoma H22 cell was only inhibited by the second
compound (MENG et al., 2007). Furthermore, the chloroform, hex-
ane, and ethanol extracts of U. grandiflora have been demonstrated
to possess potential cytotoxic effects against HTC-116 cell line. In
contrast, this species’ hexane, ethyl acetate, and methanol extracts
also have bioactivity against HepG2 cell (SEANGPHAKDEEA et al.,
2013). Moreover, some bioactive compounds isolated from the hex-
ane, methanol, and ethyl acetate extracts of X. pierrei have been re-
ported to possess highly cytotoxic activities against human small-cell
lung cancer cells. Accordingly, (7R)-acetylmelodorinol, isochamane-
tin, dichamanetin, and melodienone has been shown to exhibit cyto-
toxicity against both NCI-H187 and Vero cell lines, whereas (7R)-
melodorinol has been demonstrated to possess potential cytotoxic
effect against Vero cell (CHOKCHAISIRI et al., 2017).

Conclusions

The present study identified 182 chemical components of the acetone
extracted from the leaves of the nine Annonaceae species, in which
many compounds have been reported to possess biological activities.
Eight out of the nine studied extracts inhibited the growth of two
tested bacterial strains such as B. cereus and S. aureus. The nine
studied extracts also possessed antioxidant and cytotoxic activities,
in which the A. hexapetalus extract showed the highest antioxidant
effect. In contrast, the extract obtained from G. touranensis had the
strongest cytotoxic activities against HepG2 cells.
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