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Abstract. In present study, we identified the chemical composition of essential oil which was
isolated from the leaves of Vitex rotundifolia using gas chromatography—mass spectrometry (GC—
MS) analysis for the first time. A total of eighteen compounds were identified from essential oil,
including sclareol (29.01 %); sandaracopimarinal (16.51 %); abietadiene (15.65 %); androsta—4,6—
dien—3—one, 17-hydroxy—, (17B8)— (8.12 %); abietal (6.45 %); dehydroabietan (5.02 %); verticiol
(4.89 %) as major constituents. Furthermore, the antibacterial activity of the essential oils isolated
from of the leaves of studied species has also been evaluated in the first time. The results proved
that the essential oils could inhibit the growth of six pathogenic bacterial strains which the diameter
of the growth inhibition zone of S. aureus, B. cereus, P. aeruginosa, S. enteritidis, S. typhimurium,
E. coli were 27.3x0.6mm, 24.5+1.8mm, 24.3+£0.8mm, 21.2+1.2mm, 8.8+0.3mm, 8.3+0.3mm,
respectively.
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Introduction species of Lamiaceae family have diverse

Medicinal plants have been used for biological activities in their essential oils in
centuries as remedies for human which the Vitex genus has been subjected
diseases. In recent years, traditional to the most abundant available studies on
medicine is an important component of its ethnobotanical profiles to discover the
primary health care system in many priceless potentials. Vitex is the largest
developing countries like Vietnam because of genus in the family Lamiaceae which
its safety, effectiveness and inexpensive comprises approximately 270 species
properties [(*r, 20001, With the improvement distributed all over the world, especially in
of science, the source of the medicinal tropical and subtropical regions such as
properties  associated ~ with  these Brazil, Nigeria, Turkey, Thailand, Algeria,
treatments has been investigated. This South Africa and Vietnam [GANAPATY and
led to an explosion in the last hundred VIDYADHAR, 2005] - \any species of this genus
years in the areas of isolation, biological have been used in medicine, including V.
activity, structural elucidation and the agnuscastus, V. negundo, V. trifolia and
chemical synthesis of natural products V. rotundifolia AZHAR et al., 2004; KIUCHI et al., 2004;
[NICOLAOU et al., 2000] Li etal., 2005; ONO et al., 2008]

. Essential oils are complex mixtures of Vietnam is a biodiversity hot spot for
volatile compounds that are produced by the Lamiaceae_family in which 17 Vitex
aromatic plants as secondary metabolites. : [PHAM 2000]
Essential oils are characterized by the species have begn recor.ded o
presence of bioactive compounds, mainly . Beach Vltex' (Vitex rotundlfol|a)'|s a
terpenoids, such as monoterpenes and deciduous, sprawling shrub thgt typlcz_illy
esquiterpenes [ZAKI and SALLEH. 2020]  Mapy grows to 10-40 cm tall. This species

grows naturally along both sandy and
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rocky coasts and has a wide distribution in
the world, including much of the Pacific

Rim and many of the Pacific islands
[MATTHEW et al., 2017]

The traditional pharmacopeia’s in
Asian countries employed V. rotundifolia in
the treatment of disease MV ¢! @ 2008]

The fruits of V. rotundifolia have
been used as a folk medicine for the
treatment of headache, cold, migraine,
eye pain, female hormonal disorders,
asthma, chronic bronchitis, and
gastrointestinal  infections such as
bacterial dysentery and diarrhea [ON© et @
2000; ONO et al., 2001; HU et al., 2007]. In Vietnam, V.
rotundifolia has distribution in some
regions, including Quang Tri, Binh Thuan,
Kien Giang and Ba Ria-Vung Tau
PrOVinCES [PHAM, 2000; TRAN et al., 2006].

This species has also been used
in Vietnamese traditional medicine to treat
a number of diseases such as headache,
asthma and diarrhea [PHAM. 2000],

In Vietnam, especially southern
Vietnam, information on the chemical
constituents and the bioactivity of this
species is limited, however.
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In this work, chemical composition
and antibacterial ability of essential oils
extracted from the leaves of V.
rotundifolia collected in Southern Vietnam
were investigated and reported for the
first time.

Material and methods

Plant materials

The specimens of Beach Vitex
(Vitex rotundifolia) was collected from
Binh Chau—Phuoc Buu Nature Reserve,
Xuyen Moc District, Ba Ria—Vung Tau
Province. This species grows on coastal
sand dunes with location of about
10°31'11"N; 107°31'18"E, 21 m in
elevation (Figure 1).

The specimens were collected by
Mr. Van Son Le, a staff of Binh Chau—
Phuoc Buu Nature Reserve, which
vouchered numbers were VS Le 332 and
333.

All  vouchered specimens were
deposited at Herbarium of Binh Chau—
Phuoc Buu Nature Reserve.

Figure 1. Vitex rotundifolia. A. Habitats, B. Flowers, C. Leaves, D. Fruits.

Bacterial strains

To clarify the antibacterial activity of
the essential oils from the leaves of Vitex
rotundifolia, the present study used six
bacterial strains, including four Gram-—
negative bacteria (Escherichia coli (ATCC

23

25922), Pseudomonas aeruginosa (ATCC
27853), Salmonella enteritidis (ATCC
13976), Salmonella typhimurium (ATCC
13311)) and two Gram-—positive bacteria
(Bacillus cereus (ATCC 11774),
Staphylococcus aureus (ATCC 25923)).
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The strains were maintained 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.

Distillation of the essential oils

Classical steam distillation using
Clevenger apparatus was used to extract
the essential oils from the leaves of the
specimens. In this process, 500 g of
washed and drained sample was placed
in a distillation flask and filled with 1500
mL of distilled water. The flask was then
subjected to Clevenger apparatus to
extract the essential oils for 4 hours.

Essential oils were attracted by
evaporated water to form the mixture of
steam and essential oils, which is then
condensed by refrigerant into liquid.

The vyields of essential oil were
calculated using the following formula

RO = M/Bn - 100%

(M: Mass of essential oils; Bm: Mass of
sample).

Gas chromatography/mass
spectrometry (GC/MS) analysis

Experiments were performed on an
Agilent 7890A GC-5975C MSD system
(Agilent Technologies, Santa Clara, CA)
using a DB5-MS+10m  Duraguard
Capillary Column (30 m x 250 um x 0.25
Mm) as the stationary phase. The GC
parameters used were as follows: split
injection (1.0 yL sample at 100.0 °C, 1.0
min—split ratio of 10:1); He carrier gas
(40 cm s at constant velocity); 275.0 °C
transfer line temperature; oven
temperature program: 1.0 min at 100 °C,
increased 20.0 °C min™t to 200.0 °C, then
increased 15.0 °C min™t to 325.0 °C and
held for 5.0 min, MS parameters: electron
impact ionization at 70 eV, filament
source temperature of 230.0 °C,
quadrupole temperature of 150.0 °C, m/z
scan range 50-600 at 2 spectra s™*.

Mass  spectral signals  were
recorded after a 6.10 min solvent delay to
avoid derivatization interferents, and
turned off between 10.0 and 13.0 min to
avoid saturation of the detector due to the
high content of monosaccharides.
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A blank sample with the FAME
standard mixture (FAME std) was also
injected under the same GC conditions.

Antibacterial activity assay

The six bacterial strains were
cultured in Luria—Bertani Broth until 0.5
McFarland  turbidity standard was
reached. This bacterial culture was used
to test the antibacterial activity of
essential oils in the process called disc
diffusion test, in which 0.1 mL of bacterial
culture was spread on Petri plate
containing Mueller Hinton Agar medium.
The sterile paper discs containing 10 pL
of the essential oil solution were placed
on the surface of the Petri dish spread
with bacteria. The plate was then
incubated at 37°C for 16—18 hours.

Gentamycin antibiotic disc (Nam
Khoa, Vietnam) was used as a positive
control for the experiments. Zone of
inhibition was measured after 16-18
hours of incubation to evaluate the
resistance of essential oils against the
bacterial strains [FAVER etal. 1996]

The experiments were performed in
triplicates. The results were presented as
mean * standard deviation (SD) from
triplicate analyses, and the differences
among experimental groups were
determined by Fisher's least significant
difference  (LSD) procedure using
Statgraphics Centurion XV software
(Statpoint Technologies Inc, Virginia,
USA) with the criterion of statistical
significance was set as p < 0.05.

Results and discussion

The essential oil from the leaves of
V. rotundifolia was obtained in a yield of
0.09% calculated on a dry weight basis.

The essential oil from the leaves of
V. rotundifolia in this study had a total of
18 substances, majority of which included
7 components, including sclareol (29.01
%); sandaracopimarinal (16.51 %);
abietadiene (15.65 %); Androsta—4,6—
dien-3-one, 17-hydroxy—, (17B)- (8.12
%); abietal (6.45 %); dehydroabietan
(5.02); verticiol (4.89 %) (Figure 2 and
Table 1).

As aforesaid, V. rotundifolia is a
common species, essential oil
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composition of which has been studied by
several previous studies.

However, those specimens were
collected in different geographical region

of Vietnam or other countries [TRAN etal. 2006;
KIM et al., 2014]

Abundance
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Note that, the concentrations of
chemical compositions of plant essential
oils were found to vary depending on the

geographical regions where they are
Cultivated [HASSIOTIS et al., 2010; DEVKOTA et al., 2013]
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Figure 2. Gas chromatogram of essential oil from V. rotundifolia leaves with major components. (1)
Androsta—4,6—dien—3—-one, 17-hydroxy—, (178)—; (2) verticiol; (3) abietal; (4) sandaracopimarinal;
(5) sclareol; (6) abietadiene; (7) dehydroabietan.

Furthermore, the studied materials
which used in present study were
difference compared to those in previous
studies countries [TRAN et al., 2006; KIM et al., 2014].

For instance, Tran and collab.
demonstrated that the essential oil from
the fruits of V. rotundifolia collected in
Quang Tri Province, Vietnam contained
1,8 cineol (19.38 %), camphen (15.51 %),

sabinen (12.79 %) and a—pinen (10.33 %)
as major constituents [TRAN et al. 2006]
Similarly, Hu and collab. showed
that linoleic acid (47.46 %) and palmitic
acid (5.18 %) were the major constituents
of the essential oil isolated from the stem
of V. rotundifolia which collected in
Jiangxi Province, in China [V étal. 2007,

Table 1.

Chemical compositions in the essential oils from the leaves of Vitex rotundifolia.

Retention Time Compound Name

Molecular Formula Peak area (%)

6.284 Germacrene D CisHz4 1.58
6.475 B—Cadinene CisHa4 1.17
6.827 1-Cyclohexene—1-butanal, a,2,6,6—tetramethyl— C14H240 0.54
6.897 Germacrene D—4—ol C15H260 0.73
7.309 tau—Muurolol C15H260 1.15
7.389 a—Cadinol C15H260 1.63
8.022 15,16-Dinorlabd—12—ene, 8,13—epoxy— Ci18H300 0.83
8.283 Androsta—4,6—dien—3—one, 17—-hydroxy—, (178)— C19H2602 8.12
8.524 Trachyloban—18-al, (4a)— C20H300 0.33
8.815 Verticiol C20H340 4.89
9.046 Thunbergen CooHs2 1.12
9.116 Abietal C20H300 6.45
9.177 Sandaracopimarinal C20H300 16.51
9.327 Khusimyl methyl ether C16H260 2.76
9.448 Sclareol C20H3602 29.02
9.598 Manool oxide C20H340 2.16
9.769 Abietadiene C20H32 15.65
9.930 Dehydroabietan C20Hs0 5.02
Total 99.66
Furthermore, Kim and collab. oxide (14.3 %), a—Terpineol (13.1 %), a—

proved the essential oil isolated from the
stem of V. rotundifolia collected in Jeju
Island, South Korea included manoyl
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Pinene (10.0 %), dehydroabietane (5.9 %)
and 1,8-Cinecle (4.9 %) as major
constituents KM etal- 2014]


http://www.bjbabe.ro/

The

bioactivities of some
compounds of the essential oil identified
from the leaves of V. rotundifolia in this
study have been documented in previous
studies [ZHANG et al., 2017].

For instance, sclareol, the most
abundant constituent from the essential
oil isolated from the leaves of studied
species (29.02 %), could inhibited tumor
cell growth through the upregulation of
Cav1l and provides a potential therapeutic
target for cervical cancer [P'MAS etal. 2006]

Furthermore, this compound had
the effect on the human breast cancer cell
lines MN1 and MDD2 derived from the
parental cell line, MCF7. MN1 cells
express functional p53 [PMAS etal. 2006]

In 2008, Ali and collab.
demonstrated that the essential oil of
Boswellia elongata contained verticiol as
a major compound (52.4 %) and the
essential oil of this species could be used
as a rich source of natural antioxidants

and anticholinesterase inhibitors L' et @
2008 NASSER et al., 2008]
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Antibacterial activity

Data stated in Table 2 and Figure 3
showed that the essential oil from the
leaves of V. rotundifolia was able to resist
against six tested bacteria.

Accordingly, the diamétres of
inhibition zones of the essential oil from
the studied specimens against S. aureus,
B. cereus, P. aeruginosa, S. enteritidis, S.
typhimurium, E. coli were 27.3+0.6 mm,
24.5+1.8 mm, 24.3t0.8 mm, 21.2+1.2
mm, 8.840.3 mm, 8.3+0.3 mm,
respectively.

On the other hand, the antibacterial
effect of essential oil leaves of V.
rotundifolia against S. aureus, B. cereus,
P. aeruginosa, S. enteritidis was much
stronger than that of positive control
whereas the diameter of the growth
inhibition zone of S. typhimurium and E.
coli in tested sample was smaller than
that of positive control (Table 2).

Table 2.

Inhibition zone of the essential oils isolated from the leaves of Vitex rotundifolia against six
bacterial strains

Tested bacteria

Studied sample

Growth inhibition zone (mm)
Positive control

Bacillus cereus
Escherichia coli
Pseudomonas aeruginosa
Salmonella enteritidis
Salmonella typhimurium

Staphylococcus aureus

24.5+1.8P 18.8+1.02
8.3+0.32 19.6+0.6°
24.3+0.8 16.5+0.52
21.2+1.2b 17.3+0.62
8.8+0.32 13.3+0.6°
27.3+0.6° 17.6x1.22

abDifferent superscript lower—case letters in the same row denote significant difference (p<0.05).

These  results indicated V.
rotundifolia essential oil as the potential
antibacterial agents. Together of analysis
of oil composition, the antibacterial activity
of the il could be offered the presence of
bioactive compounds of V. rotundifolia
leaf essential oil, including sclareol (29.02
%), sandaracopimarinal (16.51 %) and
abietadiene (15.65 %). The antimicrobial
activities of these major components have
been well documented in several reports

[JASSBIA et al, 2002; CHOUDHARY et al, 2006]_ FOI’
instance, Jassbi and collab. and
Choudhary and collab. showed that

sclareol was able resist against three
bacterial strains such as Bacillus subtilis,
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Staphylococcus aureus and Shigella
ﬂexneri [JASSBIA et al., 2002; CHOUDHARY et al., 2006].

Recently, Popova and collab.
demonstrated that sclareol was not only
highly effective against a set of
medicinally important yeasts such as
Candida albicans, C. glabrata, C.
parapsilosis, C. tropicalis but could also

inhibit the growth of the bacterial
pathogens, including Bacillus cereus,
Escherichia coli, Salmonella abony,

Pseudomonas putida, P. aeruginosa,

Staphylococcus aureus, Proteus mirabilis
and P Vulgal’iS [POPOVA et al., 2020, STOLERU, €t al.,

2014, CARUSO, et al., 2019]

In another study, Tsujimura and
collab. showed that Propionibacterium
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acnes, a gram-positive human skin
commensal, could be inhibited by
sandaracopimarinal [TSW/IMURA etal., 2019
Furthermore, the essential oll
isolated from Anisomeles indica
(Lamiaceae family) contained abietadiene
as major compound (20.5 %) was able to
resist against five fungal and bacterial
strains, including Klebsiella pneumoniae,
Agrobacterium tumefaciens.
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Staphylococcus  aureus, Pasteurella
multocida and Aspergillus flavus ANAND &
al., 2016, KURZBAUM, €t al., 2019, PETRACHE, et al., 2014].
To date, the antibacterial activities
of the essential oil of V. rotundifolia are
limited. However, the antimicrobial assays
of other Vitex species have been

conducted by previous reports [NYIHGIRA €t
al., 2004; KHOKRA et al., 2008; GHANNADI et al, 2012;

GONCALVES et al., 2017]

Figure 3. Antibacterial activity of the essential oils extracted from the leaves of Vitex
rotundifolia against 6 bacterial strains. A. Bacillus cereus, B. Escherichia coli, C.
Pseudomonas aeruginosa, D. Salmonella enteritidis, E. Salmonella typhimurium, F.
Staphylococcus aureus. (—) Negative control with sterilized distilled water, (+) Positive
control with discs containing gentamicin.

For instance, the essential oil from
the seeds of V. agnus—castus could inhibit
antibacterial activity against
Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus subtilis
and Salmonella enteritidis [CHANNAD! et al,
20121 - Similarly, essential oil extracted from
the leaves of V. agnus—castus was
demonstrated that it had promising
activity against Streptococcus mutans,
Lactobacillus casei and Streptococcus
mItIS [GONCALVES et al., 2017].

Furthermore, the essential oil
isolated from the aerial parts of two
subspecies of V. obovate and three other
Vitex species, including V. rehmannii, V.
zeyheri, V. pooara, V. obovata subsp.
obovata and V. obovata subsp. wilmsii
were able to resist against S. aureus, B.
cereus and E. coli NYILIGIRA et al, 2004] |y
another study, three essential oils,
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including fruit, leaf and flower oils of V.
negundo were evaluated for antibacterial
potential against Staphylococcus aureus,
Bacillus subtilis, Escherichia coli and
Pseudomonas aeruginosa [<HOKRA etal. 2008]

Conclusions

In this study, eighteen chemical
compounds of essential oil of Vitex
rotundifolia leaf were firstly investigated in
which sclareol (29.01 %);
sandaracopimarinal (16.51 %);
abietadiene (15.65 %); Androsta—4,6—
dien-3-one, 17-hydroxy—, (178)- (8.12
%); abietal (6.45 %); dehydroabietan
(5.02); verticiol (4.89 %) were major
constituents.

Furthermore, the antibacterial effect
of essential oil of studied specimen
against S. aureus, B. cereus, P.
aeruginosa, S. enteritidis was much
stronger than that of positive control
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which the diameter of the growth inhibition
zone was 27.3xt0.6 mm, 24.5x1.8 mm,
24.3+£0.8 mm, 21.2+1.2 mm, respectively
whereas the diameter of the growth
inhibition zone of S. typhimurium and E.
coli in tested sample was smaller than
that of positive control.

Acknowledgements

The authors would like to thank the
staffs of the Institute of Biotechnology and
Food—-technology, Industrial University of
Ho Chi Minh City for their valuable
supports. We are grateful tothe
Management Board of Binh Chau—Phuoc
Buu Nature Reserve for their permits and
help in the field.

Conflict of Interest: The authors
declare that they have no conflict of
interest.

References

1. Anand, B.; Melkani, K.; Mohan, L.; Charu, C.P.
Diterpene rich  essential oil from
Anisomeles indica (L.) o. kuntz. and its
antimicrobial activity. World Journal of
Pharmaceutical Research, 2016. 5(5),
932-943.

2. Azhar, U.H.; Malik, A.; Anis, |.; Khan, S.B,;
Ahmed, E.; Ahmed, Z. Enzyme inhibiting
lignans from Vitex negundo. Chemical and
Pharmaceutical Bulleti, 2004. 52, 1269—
1272.

3. Bauer, AW.; Kirby, W.M.; Sherris, J.C.; Turck M.
Antibiotic susceptibility testing by a
standardized single disk  method.
American Journal of Clinical Pathology,
1996. 45(4), 493-436.

4. Caruso, G.; Stoleru, V.; Munteanu, N.C.; Sellitto,
V.M. Teliban, G.C.; Burducea, M. Tenu, |.;
Morano, G.; Butnariu, M. Quality
Performances of Sweet Pepper under
Farming Management. Notulae Botanicae
Horti Agrobotanici Cluj—Napoca, 2019,
47(2), 458-464.

5. Choudhary, M.l.; Siddiqui, Z.A.; Hussain, S.;
Rahman, A. Structure elucidation and
antibacterial activity of new fungal
metabolites of sclareol. Chemistry &
Biodiversity, 2006. 3, 54-61.

6. Devkota, A.; Stefano, D.A.; Stefano, C.;
Gabriella, 1.; Pramod, K.J. Chemical
Composition of Essential Oils of Centella
asiatica (L.) Urban from different habitats
of Nepal. International Journal of
Pharmaceutical & Biological Archives,
2013. 4(2), 300-304.

7. Dimas, K.; Papadaki, M.; Tsimplouli, C,;
Hatziantoniou, S.; Alevizopoulos, K.
Pantazis, P.; Demetzos, C. Labd-14-
ene-8,13—diol (sclareol) induces cell cycle

Banat’s Journal of Biotechnology

Contact: web: http://www.bjbabe.ro, e-mail: contact@bjbabe.ro

28

arrest and apoptosis in human breast
cancer cells and enhances the activity of
anticancer  drugs. Biomedicine &
Pharmacotherapy, 2006. 60, 127-133.

8. Ganapaty, S.; Vidyadhar, K.N. Phytoconstituents
and biological activities of Vitex: A review.
Journal of Natural Remedies, 2005A. 5,
75-95.

9. Ghannadi, A.; Bagherinejad, M.R.; Abedi, D.;
Jalali, M.; Absalan, B.; Sadeghi, N.
Antibacterial activity and composition of
essential oils from Pelargonium
graveolens L’Her and Vitex agnus—castus
L. Iranian Journal of Microbiology, 2012.
4(4), 171-176.

Goncalves, R.; Vanessa, F.S.A.; Carvalho,
C.A.; Anderson, C.; Guimardes M.G.M.;
Corréa G.M.; Martins C.H.G.; Takeara R.;
Silva E.O.; Crotti A.E.M. Chemical
Composition and Antibacterial Activity of
the Essential Oil of Vitex agnus—castus L.
(Lamiaceae). Annals of the Brazilian
Academy of Sciences, 2017. 89(4), 2825—
2832.

Hassiotis, C.N.; Lazari, D.M.; Vlachonasios,
K.E. The effects of habitat type and
diurnal harvest on essential oil yield and
composition of Lavandula angustifolia Mill.
Fresenius Environmental Bulletin, 2010.
19(8), 1491-1498.

Hu Y.; Hou T.T.; Xin H.L.; Zhang Q.Y.; Zheng
H.C.; Rahman K. Estrogen-like activity of
volatile components from Vitex rotundifolia
L. Indian Journal of Medical Research,
2007. 126, 68-72.

Hu, Y.; Zhu, Y.; Zhang, Q.Y.; Xin, H.L.; Qin,
L.P.; Lu, B.R.; Rahman, K.; Zheng, H.C.
Population genetic structure of the
medicinal plant. Vitex rotundifolia in China:
Implications for its Use and Conservation.
Journal of Integrative Plant Biology, 2008.
50, 1118-1129.

14.Jassbia A.R.; Zamanizadehnajaria S.; Azarb
P.A.; Tahara S. Antibacterial diterpenoids
from Astragalus brachystachys. Verlag der
Zeitschrift fir Naturforschung, Tlbingen,
2002.

Khokra, S.L.; Prakash, O.; Jain S.; Kaneja,
K.R.; Dhingra, Y. Essential oil composition
and antibacterial studies of Vitex negundo
Linn.  Extracts. Indian Journal of
Pharmaceutical Sciences, 2008. 522—-526.

Kim, C.; Bu H.J.; Lee, S.J.; Hyun, C.G.; Lee,
N.H. Chemical compositions and anti—
inflammatory activities of essential oils
from Aster spathulifolius and Vitex
rotundifolia  Maxim. Journal of Applied
Pharmaceutical Science, 2014. 4(10),
012-015.

Kiuchi, F.; Matsuo, K.; Ito M.; Qui, T.K.; Honda,
G. New norditerpenoids with trypanocidal
activity from Vitex trifolia. Chemical and
Pharmaceutical Bulleti, 2004. 52, 1492—
1494,

Kurzbaum, E.; lliasafov, L.; Kolik, L;
Starosvetsky, J.; Bilanovic, D.; Butnariu,

10.

11.

12.

13.

15.

16.

17.

18.


http://www.bjbabe.ro/

M.; Armon, R. From the Titanic and other
shipwrecks to biofilm prevention: The
interesting role of polyphenol-protein
complexes in biofilm inhibition, Science of
The Total Environment, 2019, 658, 1098—
1105.

19.Li, W.X,; Cui, C.B.; Cai, B.; Wang, H.Y.; Yao,
X.S. Flavonoids from Vitex trifolia L. inhibit
cell cycle progression at G2/M phase and
induce apoptosis in mammalian cancer
cells. Journal of Asian Natural Products
Research. 72005, 615—-626.

20. Matthew M.; Briggs, J.; Whitwell, T. Beach Vitex
(Vitex rotundifolia): Medicinal properties,

biology, invasive characteristics and
management  options. Journal of
Environmental Horticulture, 2017. 35(4),
128-137.

21.Nasser, A.; Awadh, A.; Martina, W.; Norbert, A.;
Axel, T.; Jurgen, S.; Ulrike, L.; Ludger, W.

Chemical composition and biological
activites of essential oils from the
oleogum resins of three endemic

soqotraen Boswellia Species. Records of
Natural Products, 2008. 2(1), 6-12.

22.Nicolaou, K.C.; Vourloumis, D.; Winssinger, N.;
Baran, P.S. The art and science of total
synthesis at the dawn of the twenty-first
century. Angewandte Chemie
International Edition, 2000. 39, 44-122.

23. Nyiligira, E.; Viljoen, A.M.; Baoer, K.H.C.; Azek,
T.; Vuuren, S.F. Essential oil composition
and in vitro antimicrobial and anti—
inflammatory activity of South African
Vitex species. South African Journal of
Botany, 2004. 70(4), 611-617.

24.0no, M.; Masuoka, C.; Ito, Y.; Yoshimitsu, H.;
Nohara, T. Studies on the constituents
from the fruits of Vitex rotundifolia. Tennen
Yuki Kagobutsu Toronkai Koen Yoshishu,
2000. 42, 445-450.

25.0no, M.; Yamamoto, M.; Yanaka, T.; lto, Y.;
Nohara, T. Ten new labdane—type
diterpenes from the fruit of Vitex
rotundifolia. Chemical and Pharmaceutical
Bulleti, 2001. 49, 82-86.

26.0no0, M.; Yamasaki, T.; Konoshita, M.; lkeda,
T.; Okawa, M.; Kinjo, J. Five new
diterpenoids, viteagnusins A-E, from the
fruit of Vitex agnus—castus. Chemical and
Pharmaceutical Bulleti, 2008. 56,1621—
1624.

27.Petrache, P.; Rodino, S.; Butu, M.; Pribac, G.;
Pentea, M.; Butnariu, M. Polyacetylene

Available on—line at http://www.bjbabe.ro

Banat’s Journal of Biotechnology
2020, XI(22)

29

and carotenes from Petroselinum sativum
root, Digest journal of nanomaterials and
biostructures, 2014, 9(4), 1523-1527.
28.Pham HH. Rutaceae, An illustrated flora of
Vietnam, Vol. Il. Youth Publisher, Ho Chi
Minh City (in Vietnamese). 2000.
29.Popova, V.; Ivanova, T.; Albena, S.; Violeta, N.;
Tsveta, H.; Velizar, G.; Yonko, Y.; Nikolay,
N.; Zheljazko, V. D. Terpenoids in the
essential oil and concentrated aromatic

products  obtained from  Nicotiana
glutinosa L. leaves. Molecules, 2020. 25,
30.

30. Stoleru, V.; Munteanu, N.; Stan, T.; Ipatioaie,
C.; Cojocaru, L.; Butnariu, M. Effects of
production system on the content of
organic acids in Bio rhubarb (Rheum

rhabarbarum L.). Romanian
Biotechnological Letters, 2019. 24(1),184—
192.

31.Tran, H.T.; Phung, T.H.; Do, T.M. Chemical
composition of the essential oil of Vitex
rotundifolia L.f. from Vietnam. Academia
Journal of Biology, 2006. 28(4), 93-95.

32. Tsujimura, M.; Goto, M.; Tsuji, M.; Yamaiji, Y.;
Ashitani, T.; Kimura, K.; Ohira, T.; Kofuijita,
H. Isolation of diterpenoids from sugi
wood—-drying  byproducts and their
bioactivities. Journal of Wood Science,
2019. 65(19), 2-10.

33. Zaki, F.L.M.; Salleh, W.M.N.H.W. Essential oils
and biological activities of the Genus Vitex
(Lamiaceae)-A Review. Natural Volatiles
and Essential Oils, 2020. 7(2), 1-9.

34.Zhang, T.; Wang, T.; Cai, P. Sclareol inhibits
cell proliferation and sensitizes cells to the
antiproliferative effect of bortezomib via
upregulating the tumor  suppressor
caveolin-1 in cervical cancer cells.
Molecular Medicine Reports, 2017. 15,
3566-3574.

Received: April 05, 2020
Article in Press: November 30, 2020

Accepted: Last modified on: November 20,2020

- 4
Soa |

¢


http://www.bjbabe.ro/
https://onlinelibrary.wiley.com/journal/15213773
https://onlinelibrary.wiley.com/journal/15213773

