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1. Introduction

ABSTRACT

Objective: To evaluate the cytotoxic activity and cytopathological changes of Vitex agnus-
castus L. (V. agnus-castus) leaves extracts and characterize their bioactive chemical
congtituents.

Methods: The dried leaves powder of V. agnus-castus was extracted using 85% methanol
(MeOH). The methanolic extract was defatted using petroleum ether and fractionated using
ethyl acetate (EtOAC) and butanol (BuOH). The anticancer potentia of different extracts was
evaluated by neutral red assay, cytopathological changes of apoptosis and caspase-3 expression
in hepatoma cell line (HepG2). The chemical constituents of most active extracts were
identified using liquid chromatography-€l ectrospray ionisation mass spectrometry analysis.
Results: The butanolic fraction was the most active in inhibiting the proliferation of HepG2
cells [1Cs = (13.42 + 0.17) mg/mL] compared with MeOH extract [ICs,= (17.61 £ 0.15) mg/
mL) and EtOAc fraction [1Cs= (22.51 £ 0.26) mg/mL]. The cytopathological examinations
demonstrated the morphology of apoptosis and caspase-3 expression was more evident
in HepG2 cells treated with BuOH than cells treated with MeOH and EtOAc. The liquid
chromatography-€l ectrospray ionisation mass spectrometry analysis exhibited that the defatted
MeOH extract and BUOH fraction had different bioactive secondary metabolites, such as
phenolic acids, flavonoids, and iridoids.

Conclusions: The butanolic fraction has higher contents of secondary metabolites than
the defatted methanolic extract. The cytotoxic activities, apoptotic changes, and caspase-3
activation may be due to the presence of these bioactive secondary metabolites (iridoids,
flavonoid, and phenolic acids) in these extracts. These results would suggest V. agnus-castus to
be used as an adjuvant in cancer therapy.

bioactive compounds of some plant extracts are capable of killing
liver carcinomaccellg4].

Hepatocellular carcinoma (HCC) is the fifth most widespread
malignancy in the world with a cautiously increasing incidencel1].
HCC is one of the major health problems in Egypt and its incidence
isincreasing[2]. HCC is a highly aggressive tumor that responds
poorly to currently available therapieq3]. It was suggested that the
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Apoptosis is an important protective mechanism against cancer
cellg5]. The inability of the cells to undergo apoptosis may result in
tumor drug resistancel6]. Induction of apoptosis is one of the main
strategies in anticancer thergpy(7]. Caspase-3 plays an important role
in apoptosis. Expression of the caspase-3 precursor (pro-caspase-3)
alone cannot induce apoptosis and activation requires a death-
inducing stimulus, such as cancer chemotherapyl(8].

According to the World Health Organization, 80% of the world’s
population living in rural areas depends on plant-based products
for their health care needs[9]. Herbs have been authorized as an
alternative form of medicine with less toxicity and are safe for
patients(10]. Vitex agnus-castus L. (V. agnus-castus) is a member
of the Verbenaceae family which grows naturally in Southern
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Europe and the Middle East. It has been reported that Vitex species
show cytotoxic properties against many of human cancer cell lines
including ovarian, prostate and breast cancer cell lineg11-14].

Many previous studies have reported that V. agnus-castus contains
alot of different bioactive secondary metabolites, such as iridoids,
flavonoids, terpenoids, ketosteroids, glycosides and phenolic acids
[11-13,15]. Liquid chromatography coupled with mass spectrometry
was used to determine the phytochemicals in plant extracts and has
been found to be a powerful technique due to soft ionization, which
easily enables the analysis of thermally labile, polar and non-volatile
compounds. Flavonoids and phenolic groups isolated from different
plants inhibited proliferative activity by induction of apoptosisin
cancer cellg16,17].

The objectives of the present study was the preparation of the
defatted methanol (MeOH) extract of V. agnus-castus and its derived
fractions [ethyl acetate (EtOAc) and butanol (BuOH)], evaluation
of the cytotoxic activity of the extract and fractions against the
hepatoma cell line (HepG2) and the identification of their chemical
constituents using liquid chromatography-electrospray ionisation
mass spectrometry (LC-ESI-MS) analysis.

2. Materials and methods
2.1. Plant material

V. agnus-castus (Family: Verbenaceae) |leaves were collected
from Menofia Governorate, Egypt in April 2015. The voucher plant
sample was characterized by Prof. Dr. Wafaa Amer, professor of
plant taxonomy, Faculty of Science, Cairo University and by the
taxonomist Theresa Labib, Orman Botanical Garden, Giza, Egypt.
The voucher specimen (No. 524) has been deposited in Medicinal
Chemistry Laboratory, Theodor Bilharz Research Institute. The
leaves of the plant were dried in the shade, finely powdered with an
electric mill, and the dry powder was kept away from any moisture
for the extraction process.

2.2. Extraction and fractionation process

Finely powdered leaves of V. agnus-castus (1.5 kg) were extracted
with 7 L of 85% MeOH at room temperature. 85% MeOH extract
was filtrated and concentrated to dryness under reduced pressure
using a rotatory evaporator for three times. 85% MeOH extract was
defatted with petroleum ether, and the aqueous defatted MeOH
extract was subjected to fractionation using dichloromethane
(CH,CI,), EtOAc and BUOH respectively. The three fractions were
concentrated to dryness with a rotatory evaporator. The defatted
methanol extract and the three fractions were kept away from any
moisture.

2.3. Cytotoxic activity of plant extracts

The cytotoxic activity of the defatted MeOH extract of V. agnus-
castus as well as EtOAc and BUOH fractions on the HepG2 cell
line was determined by neutral red (NR) assay[18]. The cells
were cultured in culture media containing RPMI-1640 medium
pH 7.4 (Sigma Chem. Co. St. Louis, MO, USA), 20 mL/L 4-(2-
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hydroxyethyl)-1-piperazineethanesulfonic acid) (Sigma, USA),
3 mL/L 7.5% Na bicarbonate (Gibco, UK), 0.1 mL/L penicillin
(10000 units/mL), streptomycin (10 mg/mL) (Sigma, USA), 10 mL
L-glutamine (Gibco, UK) and 20% fetal bovine serum (Hyclone)
heat inactivated at 56 °C for 30 min. The culture media was filtered,
kept at 4 °C and stored for no longer than two weeks. 1 x 10° HepG2
cellsymL were seeded in microplates (96-flat bottomed wells, M
129 A Dynatech, USA). About 125 pL of the cell suspension per
well were dispensed. A totd of 200 pL of phosphate buffered saline
(PBS) (without cells) was dispensed into the peripheral wells of
the plate (Blank). The plate was then incubated overnight at 37 °C
in 5% CO, incubator. The plant extracts were dissolved in culture
medium containing 0.5% (v/v) of dimethyl sulphoxide (DMSO)
(PARK, Northampton, UK). About 125 pL of different plant extract
concentrations (25, 12.5, 6.25, 3.125 and 1.562 mg/mL) were added
to wells in a concentration-dependent manner. Culture medium
with 0.5% (v/v) DMSO without plant extracts served as control after
incubation for 72 h at 37 °C in a humid incubator. The inhibition
of cell proliferation was assessed by NR assay. About 250 uL of
NR solution were added to all wells after a careful wash with pre-
warmed PBS. The NR was carefully removed after 3 h and then
rinsed with 200 pL of pre-warmed PBS. After adding 150 pL of
49% water, 50% ethanol and 1% glacial acetic acid to each well, the
plate was kept for 15 min in the dark. Absorbance was recorded at
540 nm by spectrophotometer (Spectra max 190 Microplate Reader,
Molecular Devices, USA). The assay was repeated in triplicates.
Mean + SEM of three separate experiments for each concentration
was calculated.

Theinhibition activity (%) = [(Aconro — Asampie) (Acomo — Agiand] X 100
Where A is the absorption at wavelength 540 nm, control is the
untrested cells and blank is mediawithout cells.

2.4. Cytopathological examinations

Cultured HepG2 cells were trypsinized, washed in PBS, pH
= 7.4 and collected in a tube. The samples were centrifuged at
a rate of 1200-1500 r/min for 15 min using Shandon Cytospin
(Thermo Fisher Scientific, Waltham, Massachusetts). The cell
pellet was spread on positively charged glass slides. Slides were
immediately fixed in 95% ethanol for 24 h. The slides were stained
with hematoxylin and eosin (H & E)and immunohistochemistry for

caspase 3.
2.5. Immunohistochemical studies

Unstained sections were processed for immunostaining with
caspase 3 monoclonal antibodies using a standard 3-layer protocol,
as previously described[19]. The smears were dehydrated with
100%, 95%, and 70% ethanol. Smears were washed in PBS, 200
pL of caspase 3 primary antibodies (Novus Biological, USA)
were added to each slide (at a dilution of 1:100) and incubated
for 24 h in a humid chamber at 4 °C. Smears were rinsed in PBS,
incubated for 30 min with the secondary biotinylated antibody
followed by avidin-peroxidase complex for another 30 min
according to the manufacturer’s instructions (Universal Detection
Kit, Novus Biological, USA). The samples were incubated with
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diaminobenzidine until the brown color developed within 5
min, washed in distilled water, and counterstained with Mayer’s
hematoxylin for 60 s. The procedure was done at room temperature.
In addition, negative controls in which the primary antibody was
omitted and replaced by PBS were also included.

Caspase-3 antigen was expressed as brown cytoplasmic staining.
Apoptotic index was calculated according to Duan et al.[20].

Active caspase 3 — Immunopositive cells number

Total cellsnumber of 10 high power fields

Apoptotic index (%) =

2.6. LC-ESI-MS Analysis

The defatted MeOH extract and BUOH fraction of V. agnus-
castus (5 mg/mL) solution was prepared using high performance
liquid chromatography (HPLC) analytical grade solvent mixture of
CH,CN/MeOH/H,0 (1:1:2; viIviv), filtered using a membrane disc
filter (0.45 pm) then subjected to LC-ESI-MS analysis. This analysis
was carried out using HPLC system (Waters Alliance 2695, Waters,
UsA) and mass analyzer (Waters 3100). Samples injection volumes
(20 pL) were injected into the HPLC instrument equipped with
reverse phase C-18 column (Phenomenex 250 mm, 5 um particle
size). Sample mobile phase was prepared by filtering using 0.45 um
filter membrane disc and degassed by sonication before injection.
Mobile phase elution was made with the flow rate of 0.4 mL/min
using gradient mobile phase comprising two eluents: eluent A is
H,O acidified with 0.1% formic acid and eluent B is CH,CN/MeOH
(1:1, viv) acidified with 0.1% formic acid. Elution was performed
using the following gradient: 5% B, 0-5 min; 5%-10% B, 5-10 min;
10%-50% B, 10-55 min; 50%-95% B, 55-65 min; 5% B, 65-70
min. The parameters for analysis were carried out using negative
ion mode as follows: source temperature 150 °C, cone voltage 50
eV, capillary voltage 3 kV, desolvation temperature 350 °C, cone gas
flow 50 L/h, and desolvation gas flow 600 L/h. Mass spectra were
detected in the ESI negative ion mode between m/z 50-1000. The
peaks and spectra were processed using the Maslynx 4.1 software
and tentatively identified by comparing its retention time (Rt) and
mass spectrum with reported data.

2.7. Statistical analysis

The statistical analysis was made using the SPSS for Windows
13.0 for determination the 1C,,. The data were presented as mean +
SEM. Apoptotic index results were assessed by the One-way analysis
of variance (ANOVA) and values of P < 0.05 were considered
statistically significant.

3. Results
3.1. Cytotoxic assay

Inhibition effect of the defatted MeOH extract, EtOAc and BUOH
fractions of V. agnus-castus on the HepG2 was evaluated using the
neutral red cytotoxicity assay. The proliferation of HepG2 cells was
inhibited by the three extracts in a concentration-dependent manner.
BuOH fraction was more active in the inhibition of proliferation of
HepG2 cels[IC,,= (13.42 + 0.17) mg/mL] than the defatted MeOH
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extract [ICs,= (17.61 £ 0.15) mg/mL]. EtOAc fraction had the lowest
inhibition of proliferation activity in HepG2 cells [IC;, = (22.51 +
0.26) mg/mL] as shown in (Figure 1). DMSO showed no inhibition
activity.
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Figure 1. The inhibition of proliferation activity in the HepG2 cell line of
the defatted MeOH extract of V. agnus-castus as well as EtOAc and BuOH
fractions using the neutral red cytotoxic assay.

Inhibition activity (%)

3.2. Cytopathological examination

Cytospin smear from untreated HepG2 cells stained with H &
E exhibited neoplastic polyhedral shape hepatocytes consisting
of glands and clusters with large nuclei and an increased
nucleocytoplasmic ratio (Figure 2). HepG2 cells treated with the
three V. agnus-castus extracts showed apoptotic changes included
cell shrinking, condensation and fragmentation of nuclear chromatin
and membrane blebbing. The apoptotic changes were more evident
in HepG2 cells treated with BUOH fraction than the defatted
methanolic extract of V. agnus-castus and EtOAc fraction (Figure 2).

A B

Figure 2. Cytospin smear stained by H & E (400x).

A: Untreated HepG2 cells showing alarge number of neoplastic
hepatocytes consisting of groups of cells with enlarged nuclei and increased
nucleocytoplasmic ratio (arrow); B: HepG2 cells treated with the defatted
MeOH extract of V. agnus-castus showing alarge number of hepatocytes with
central nuclei (black arrow) and with scattered apoptotic and degenerative
changes (red arrow); C: HepG2 cells after treatment with BUOH fraction
from V. agnus-castus showing scattered shrinking hepatocytes with central
nuclei (black arrow) and with scattered apoptotic and degenerative changes
(red arrow); D: HepG2 cells after treatment with EtOAc fraction from V.
agnus-castus showing a reduced number of small shrinking hepatocytes with
central nuclei (black arrow) and with scattered apoptotic changes (including
cell shrinking, condensation and fragmentation of nuclear chromatin, and
membrane blebbing) and degenerative changes (red arrow).
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3.3. Immunohistochemistry detection of caspase-3

In untreated HepG2 cells, no positive cells for caspase-3 were
detected. In extract treated cells, it was observed that a caspase-3
expression was detected in the cells showing apoptotic changes.
The apoptotic index was calculated from the relative count of
positive cells expressing caspase-3 to the total number of cells. The
apoptotic index of HepG2 cells treated with BUOH fraction of V.
agnus-castus (33.16 + 1.94) was significantly higher (P < 0.01)
than the apoptotic index of HepG2 cells treated with the defatted
MeOH extract (22.50 = 2.58) or treated with EtOAc fraction
(10.00 + 2.28) respectively. An apoptotic index of 0% for untreated
HepG2 cells was observed, as shown in Figure 3.

3.4. LC-ESI-MS identification of defatted MeOH extract and
BuOH fraction of V. agnus-castus

The most active cytotoxic extracts (defatted MeOH extract and
BuOH fraction) of V. agnus-castus were analyzed by LC-ESI-MS.
A total of 32 compounds were observed in the negative LC-ESI-
MS profile of the defatted MeOH extract (Table 1 and Figure 4)
whereas 37 compounds were detected in BUOH fraction (Table 2
and Figure 5). Each compound was identified by comparison of its
m/z value and its fragmentation pattern with standard and reported
data.

Table1

A B

Figure 3. Immunohistochemical cytospin smear (caspase-3, 3, 3’-
diaminobenzidine, 400x).

A: Untreated HepG2 cells showing a large number of neoplastic
hepatocytes consisting of groups of cells with enlarged nuclel and increased
nucleocytoplasmic ratio, negative staining for caspase-3; B: HepG2 cells
treated with the defatted MeOH extract of V. agnus-castus showing positive
expression of caspase 3 as brownish cytoplasmic coloration in the hepatocytes
with apoptotic changes (arrows); C: HepG2 cells after treatment with BuOH
fraction from V. agnus-castus showing positive expression of caspase 3 as
brownish cytoplasmic coloration in the hepatocytes with apoptotic changes
(arrows), positive expression in apoptotic hepatocytes (red arrow); D: HepG2
cells after trestment with EtOAc fraction from V. agnus-castus showing positive
expression of caspase-3 as brownish cytoplasmic coloration in the hepatocytes
with central nuclei and with gpoptotic changes (arrows).

Tentative identification of certain compounds in the defatted MeOH extract of V. agnus-castus by LC-ES| -MS.

Compound No. Rt (min) Molecular weight [M-H]™ MS fragments

Proposed compounds

1 2.08 502 501 403, 273, 288, 159, 131
2 2.42 282 281 129, 113

3 284 684 683 341,179, 161

4 3.00 192 191 127,93,85

5 3.17 534 533 191 (100%), 127, 93, 85
6 19.95 138 137 93 (100%), 65

7 22.96 708 707 353, 191 (100%), 93, 85
8 24.63 516 515 353,191, 179, 135

9 2521 628 627 465,303, 179

10 25.88 516 515 353,191, 179, 173, 137
11 29.14 496 495 357,281, 213, 137
12 29.72 496 495 357,281, 213, 137
13 31.98 448 447 357,327, 285

14 32.56 466 465 285,137

15 34.06 678 677 515,353,191, 179, 161
16 34.73 496 495 357,281, 213, 137
17 35.40 442 441 281,137 (100%), 93
18 35.65 432 431 341, 311 (100%), 283
19 36.65 448 447 285,179

20 37.82 462 461 285,179

21 38.40 516 515

2 39.49 194 193 133 (100%), 62

23 4133 516 515 353,191, 179, 173, 137
24 4191 544 543 357,185, 151

25 42.41 542 541 339, 295, 163, 119
26 4534 462 461 315, 285, 161

27 46.25 504 503 375,193

28 4859 866 865 681,503, 179, 113
29 49.43 286 285 151,133

30 50.26 684 683 521,179, 161

31 52.27 712 711 503, 441, 173, 113
32 57.53 344 343 329,301, 286, 181

Unidentified

Oleic acid

Caffeic acid hexoside dimer

Quinic acid

Quinic acid derivative

p-Hydroxybenzoic acid

5-O-Caffeoylquinic acid dimer

1,3-Di-O-caffeoylquinic acid

Taxifolin-di-O-hexoside

4,5-Di-O-caffeoylquinic acid |

2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside 1)
2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside I1)
L uteolin-8-C-glucoside (Orientin)

Agnuside

1,3-Di-O-caffeoylquinic acid-O-hexoside
2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside I11)
p-Hydroxybenzoic acid-O-hexosyl-rhamnoside

Apigenin-8-C-glucoside (Vitexin)

Luteolin-O-hexoside

L uteolin-O-glucuronide

353, 191 (100%), 179, 135 3,5-Di-O-caffeoylquinic acid

Ferulic acid

4,5-Di-O-caffeoylquinic acid 1
6'-O-(6,7-Dihydrofoliamenthoyl) mussaenosidic acid (Agnucastoside B)
6'-O-foliamenthoylmussaenosidic acid (Agnucastoside A)
K aempferol-O-glucuronide

Unidentified

Unidentified

Kaempferol

Rosmarinic acid di-O-hexoside

Unidentified

Penduletin
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Compounds 4, 5, 7, 8, 10, 15, 21 and 23 (Rt = 3.00, 3.17, 22.96,
24.63, 25.88, 34.06, 38.40 and 41.33 min, respectively) on the
defatted MeOH extract (Table 1 and Figure 4) and compounds 3,
7, 8, 16, 17, 22, 23 and 25(Rt = 3.00, 22.87, 23.88, 33.81, 34.15,
38.15, 38.74 and 41.66 min, respectively) in BUOH fraction
(Table 3 and Figure 5) were identified as quinic acid derivatives.
Compounds 6 and 17 (Rt = 19.95 and 35.40 min) in the defatted
MeOH extract and compound 6 in BuOH fraction (Rt = 19.87
min) were identified as hydroxybenzoic acid derivatives. Also,
compounds 3, 22 and 30 (Rt = 2.84, 39.49 and 50.26 min,

respectively) in the defatted MeOH extract and compounds 2,
5, 26, 30 and 33(Rt = 2.83, 18.95, 41.91, 45.25 and 46.67 min,
respectively) in BUOH fraction were identified as hydroxycinnamic
acid derivatives.

Compounds 13 and 18 (Rt = 31.98 and 35.65 min, respectively)
in the defatted MeOH extract (Table 1 and Figure 4) and
compounds 14 and 19 (Rt = 31.98 and 35.82 min, respectively)
in BUOH fraction (Table 2 and Figure 5) were identified as
C-glycosyl flavonoids. On the other hand, compounds 9, 19, 20,
26, 29 and 32 (Rt = 25.21, 36.65, 37.82, 45.34, 49.43 and 57.53

Vitex MeOH 14 Scan ES-
100 BPI
8.4%7
g
()
g
5
5
1
3
4 23
5 7 19 2
6 13 . 18 nz2 % 27 2
2 8910 12 17 2 25 28 30 31 2
0 Time
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00
Figure 4. LC-ESI-MStotal ion current chromatogram of the defatted MeOH extract of V. agnus-castus at the negative ion mode.
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26 30
10 1213 1167 19, . 2 %
13 4 56 89 12, 52 B I
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Figure5. LC-ESI-MStotal ion current chromatogram of V. agnus-castus BUOH fraction at the negative ion mode.
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Figure 6. Structures of some of the identified compounds presented in the defatted MeOH extract and BUOH fraction of V. agnus-castus.

min, respectively) in the defatted MeOH extract and compounds 4,
9, 13, 20, 28, 31, 32, 35 and 37 (Rt = 16.36, 24.63, 31.31, 36.82,
43.50, 45.84, 46.34, 50.01 and 51.35 min, respectively) in BUOH
fraction were identified as O- glycosyl flavonoids.

Compounds 11, 12, 14, 16, 24 and 25 (Rt = 29.14, 29.72, 32.56,

34.73, 41.91 and 42.41 min, respectively) in the defatted MeOH
extract (Table 1 and Figure 4) and compounds 11, 12, 15, 18, 24,
27 and 36 (Rt = 29.14, 29.80, 32.56, 34.81, 39.24, 42.08 and 50.68
min, respectively) in BUOH fraction (Table 2 and Figure 5) were
identified asiridoids derivatives.
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Table 2

545

Tentative identification of certain compounds in BUOH fraction of V. agnus-castus by LC-ESI-MS.

Compound No. Rt (min) Molecular weight [M-H]" MS fragments

Proposed compounds

1° 2.33 282 281 129,113

2 2.83 684 683 341,179

3 3.00 534 533 341, 191 (100%), 85

4 16.36 464 463 301, 273, 179, 151

5 18.95 462 461 281, 239, 179, 137, 93
6" 19.87 138 137 93 (100%), 65

e 22.87 708 707 353,191 (100%), 93, 85
8 23.88 354 353

9 24.63 628 627 465, 303, 197

10 25.80 494 493 459, 395, 281, 137

11* 29.14 496 495 357,281, 137

12* 29.80 496 495 357,281, 137

13 31.31 628 627 493,317, 197, 151

14° 31.98 448 447 357,327,297

15 32.56 466 465 303, 285, 137

16 33.81 678 677 515,353

17 34.15 678 677 515, 353, 191, 179, 135
18 34.81 496 495 357, 281, 239, 137

19* 35.82 432 431 341, 311 (100%), 283
20° 36.82 448 447 285, 179

21 37.40 706 705 459, 347,173, 137

22° 38.15 516 515 353,191, 179, 173, 137
23 38.74 516 515 353,191 (100%), 179, 135
24? 39.24 542 541 357 (100%), 183, 151
25 41.66 516 515 353,191, 179, 173, 137
26 41.91 798 797 635 (100%), 455, 179, 173
2r 42.08 544 543 357,185

28 43.50 932 931 465, 303, 179

29 44.17 706 705 521, 285, 179, 161

30 45.25 522 521 359,179, 135

31° 45.84 462 461 285, 161

32 46.34 636 635 461, 285, 161

33 46.67 684 683 521, 359, 179

34 47.26 712 711 503, 285

35° 50.01 286 285 151, 133,61

36 50.68 684 683 521, 503, 343, 271, 179
37 51.35 374 373 358,343

Oleic acid

Caffeic acid-O-hexoside dimer
Feruloylquinic acid derivative
Quercetin-O-hexoside

Caffeic acid derivative
p-Hydroxy benzoic acid
5-O-Caffeoylquinic acid dimer

191, 179 (100%), 173, 135, 93,85 4-O-Caffeoylquinic acid

Taxifolin-di-O-hexoside

Unidentified

2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside 1)

2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside I1)
Myricetin-O-pentosyl-O-glucuronid
Luteolin-8-C-glucoside (Orientin)

Agnuside

3,4,5-Tri-O-caffeoylquinic acid

1,3-Di-O-caffeoylquinic acid hexoside

2'-p-Hydroxybenzoyl mussaenosidic acid (Negundoside I11)

Apigenin-8-C-glucoside (Vitexin)

Luteolin-O-hexoside

Unidentified

4,5-Di-O-caffeoylquinic acid |

1,3-Di-O-caffeoylquinic acid
6'-O-foliamenthoylmussaenosidic acid (Agnucastoside A)

4,5-Di-O-caffeoylquinic acid I

Caffeoyl-1,3,4-tri-O-galloyl-hexsoide

6'-O-(6,7-Dihydrofoliamenthoyl) mussaenosidic acid (Agnucastoside B)

Taxifolin-O-hexoside dimer

Unidentified

Rosmarinic acid-O-hexoside

Kaempferol-O-glucuronide

Kaempferol-O-di glucuronide

Rosmarinic acid di-O-hexoside

Unidentified

Kaempferol

7-O-Trans-p-coumaroyl-6'-O-trans-caffeoyl-8-epiloganic acid (Agnucastoside C)

Casticin

# Compounds present in the defatted MeOH extract and BUOH fraction.

4. Discussion
4.1. Cytotoxic and apoptotic effect of V. agnus-castus extracts

Induction of apoptosis is an important goal for cancer
chemotherapy(21]. In previous studies, V. agnus-castus extracts
exhibited cytotoxic effect against several types of human cancer
cells22,23]. In the current study, the anticancer potential of V. agnus-
castus extracts was evaluated by cytotoxicity assay, cytopathol ogical
changes of apoptosis and caspase-3 expression in HepG2 cdlls. The
antiproliferative effect and induction of apoptosis of the defatted
MeOH extract of V. agnus-castus as well as EtOAc and BuOH
fractions were measured in HepG2 in-vitro. HepG2 cells represent
an experimental in-vitro model to study hepatocellular carcinoma.
In-vitro cytotoxicity assay has become a primary screening method
for evaluating the anticancer properties of various compounds and
plant extracts22].

The inhibition of cell proliferation was measured by neutral red
cytotoxicity assay. The three extracts of V. agnus-castus inhibited
HepG2 cell proliferation. The BUOH fraction was more active in
the inhibition of human hepatoma HepG2 cells than the defatted
MeOH extract, whereas the EtOAc fraction was less active. This

activity may be attributed to the difference in percent of the active
congtituents in the tested extracts. Cytopathological changes were
examined in cytospin smears in parallel samples of untreated and
treated HepG2 cells with different extracts. Treating HepG2 cells
with V. agnus-castus extracts showed changes in cell morphology
which were consistent with an apoptotic mechanism cell death[23].
The apoptotic changes in HepG2 cells recorded higher activity when
treated with the BUOH fraction than cells treated with the defatted
MeOH extract and the EtOAc fraction. This was confirmed by the
cytopathology changes. Many previous studies revealed that different
plant extracts had antiproliferative activity and apoptosis in cancer
cell lineg(11,16,21,24],

The results indicated that the apoptotic changes in cancer cell lines
treated with V. agnus-castus extracts are associated with elevated
expression of caspase-3. These results are in agreement with the
results obtained by Imai et al.[24] and Park et al.[25]. The authors
observed that the apoptosis induction accompanied activation of
caspase-3 when the human colon carcinoma cells were treated
with Vitex extracts. The present results proved that V. agnus-castus
extracts could induce apoptosis in the HepG2 cell line through
caspase-3 activation.

Owing to the high anticancer activity of the defatted MeOH
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extract of V. agnus-castus and BUOH fraction, the two extracts were
submitted to LC-ESI-MS analysis for identification of the active
constituents of these extracts.

4.2. LC-ESI-MS identification of the defatted MeOH extract
and BuUOH fraction of V. agnus-castus

The identification of the resulted peaks (compounds) from the
LC-ESI-MS analysis in this current work was based on their main
molecular ions and their fragmentation pattern as well as taking
into accounts the previously reported results. The results revealed
that the phenolic acid derivatives, iridoid glycosides, and flavonoid
glycosides represented the major components of the defatted MeOH
extract and BUOH fraction.

4.2.1. Identification of phenolic acid derivatives

Compound 4 in the defatted MeOH extract had a deprotonated
molecule in negative ion mode [M-H] ion a m/z 191 and base peak
at m/z 127[M-H-H,O-CQ,]", therefore, this compound was identified
as quinic acid; while compound 5 in the same extract had [M-H]”
ion at m/z 533 and base peak at 191 (100%). Therefore, it was
identified as quinic acid derivative[26,27]. Also, compound 7 in the
defatted MeOH extract and compound 7 in BuOH fraction gave a
deprotonated molecule [2M-H] of m/z 707 yielded two fragments;
m/z 353 and 191 (100%) [M-H-162]". Therefore, this compound
was identified as 5-O-caffeoylquinic acid dimer. Compound 8 in the
defatted MeOH extract and compound 23 in BUOH fraction showed
[M-H] ion at m/z 515 and the same fragmentation pattern of m/
z 353[M-H-162 (caffeic acid)]”, m/z 191[M-H-2 x 162 (2 caffeic
acid units)]”. Therefore, these compounds were characterized as
1,3 di-O-caffeoylquinic acid. Compounds 10 and 23 in the defatted
MeOH extract along with compounds 22 and 25 in BUOH fraction
gave [M-H] ion at m/z 515 and yielded ions at m/z 353[M-H-
caffeic acid]”, 191 (quinic acid), 179 of caffeic acid, 173 and 137
characteristic for 4,5 di-O-caffeoylquinic acid. Compound 8 in
BuOH fraction showed [M-H] ion at m/z 353 and other fragment
peaks, m/z 191[M-H-caffeic acid]”, 179 (100%), 173, 135 and 85,
S0, it was identified as 4-O-caffeoylquinic acid[28]. Compound 15
in the defatted MeOH extract and compound 17 in BUOH fraction
showed [M-H] ion at m/z 677 and other fragments at m/z 515[M-H-
162 (hexose)]", 353, 191, 179, 161, therefore, these compounds were
interpreted as 1,3 di-O-caffeoylquinic acid hexoside. Compound 21
in the defatted MeOH extract exhibited [M-H] with m/z 515 and
other fragments; m/z 353, 191 (100%), 179, 135. So, this compound
was identified as 3,5 di-O-caffeoylquinic acid. Compound 3 in BUOH
fraction, exhibited [M-H]™ ion at m/z 533 and produced fragment
peaks at m/z 341, 191 (100%) and 85. Therefore, this compound was
identified as feruloylquinic acid derivative. Compound 16 in BUuOH
fraction showed [M-H] ion at m/z 677 and fragment peaks at m/
z 515[M-caffeic acid]”, 353[M-H-2 caffeic acid]”, so compound 16
was interpreted as 3,4,5 tri-O-caffeoylquinic acid[29,30].

Compound 6 in the defatted MeOH extract and compound 6 in
BuOH fraction showed [M-H] ion at m/z 137, and base peak with
m/z 93[M-H-CO,]". This reflected that the two compounds were
p-hydroxybenzoic acid. Compound 17 in the defatted MeOH extract
showed [M-H] " ion at m/z 441 and two major fragments, m/z 281[M-
H-160]" and 137[M-H-160-144] which meant it lost hexose and
rhamnose units. So, this compound was identified as hydroxybenzoic
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acid-O-hexosyl-rhamnoside[13,30,31].

Compound 3 in the defatted MeOH extract and compound 2
in BUOH fraction exhibited m/z 683[2M-H]™ and produced other
fragments;, m/z 341[M-H]™ and m/z 179[M-H-162 (hexose)] . So,
these compounds were identified as caffeic acid hexoside dimer.
Compound 5 in BUOH fraction showed [M-H] ion at m/z 461 and
other fragments; m/z 281, 239, 179 and 137 characteristics for caffeic
acid derivatives[32-34]. Compound 26 in BUOH fraction showed
[M-H] ion at m/z 797 and other fragments at m/z 635 (100%) [M-H-
162 (hexose)] . Therefore, this compound was characterized as
caffeoyl-1,3,4-tri-O-galloyl hexoside{35]. Compound 22 in defatted
MeOH extract showed [M-H] with m/z 193 and base peak at m/z 133
(100%) [M-H-H,O-CO,]". Therefore, this compound was identified
as ferulic acid[12,36]. Compound 30 in BUOH fraction exhibited
[M-H] ion a m/z 521 and other fragment peaks; m/z 359[M-H-162
(hexose)]”, 179 and 135. Therefore, this compound was interpreted
as rosmarinic acid-O-hexoside. Compound 30 in the defatted MeOH
extract and peak 33 in BUOH fraction exhibited [M-H] ion at m/z
683 and yielded ions a m/z 521[M-H-162 (hexose)]” and 359[M-H-2

x 162 (hexose)]". So, the two compounds have the same structure
and are identified as rosmarinic acid-di-O-hexoside[37].

4.2.2. Identification of flavonoid derivatives

The diagnostic mass fragmentation pattern from LC-ESI-MS in
the negative ion mode at 317, 301 and 285 was interpreted to be
aglycones as myricetin, quercetin, and kaempferol, respectively.
The neutral losses of 162, 146 and 132 mass units allowed for the
interpretation of hexoside (glucose or galactose), deoxyhexoside
(rhamnose), and pentoses (xylose or arabinose), respectively[27].

The results from the LC-ESI-MS analysis of the defatted MeOH
extract V. agnus-castus and BUOH fraction showed the presence of
a mixture of flavonoid compounds. Compound 13 in the defatted
MeOH extract and compound 14 in BUOH fraction gave [M-H]
ion at m/z 447 which produced other fragment peaks, m/z 357,
327 and 285. So, these compounds were identified as |uteolin-
8-C- glucoside (Orientin). Compound 18 in the defatted MeOH
extract and compound 19 in BUOH fraction exhibited the same
[M-H] ion at m/z 431 and other fragment ions; m/z 341, 311
(100%) and 283. The two compounds were identified as apigenin-
8-C-glucoside (Vitexin)[29,33,37-39]. Compound 4 in BUOH fraction
showed [M-H] ™ ion at m/z 463 and base peak of quercetin at m/z
301[M-H-162 (hexose)] . So, this compound was characterized as
quercetin-O-hexoside. Compound 9 in the defatted MeOH extract
and compound 9 in BUOH fraction exhibited [M-H] ™ ion at m/
z 627 and other fragment peaks at m/z 465[M-H-162 (hexose)]
and 303[M-H-2 x 162 (hexose)]". Therefore, the two compounds
characterized as taxifolin- di-O-hexoside. Also, compound 28 in
BuOH fraction showed [2M-H]  ion at m/z 931 of taxifolin-di-
O-hexoside dimer[34]. Compound 13 in BUOH fraction exhibited
[M-H] ion a m/z 627 and gave fragment peaks, m/z 493[M-H-134
(pentose)]” and 317[M-H-134 (pentose)-176 (glucuronic acid)] .
Therefore, this compound was interpreted as myricetin-O-pentosyl-
glucuronide. Compound 19 in the defatted MeOH extract and
compound 20 in BUOH fraction exhibited [M-H]" ion at m/z 447
and gave fragments ions at m/z 285[M-H-162 (hexose)]” and 179.
Therefore, this compound was characterized as luteolin-O-hexoside.
Compound 20 in the defatted MeOH extract showed [M-H] ion at
m/z 461 and other fragment peaks at m/z 285[M-H-176 (glucuronic
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acid)]” and 179 characteristic for luteolin-O-glucuronide[29,39,40].
Compound 29 in the defatted MeOH extract and compound 35 in
BuOH fraction exhibited the same [M-H] ion at m/z 285 and other
peaks at 151 and 133. So, the two compounds were identified as
kaempferol aglycone. Compound 26 in the defatted MeOH extract
and peak compound 31 in BUOH fraction gave [M-H] ion at m/
z 461 and another fragment at m/z 285[M-H-176 (glucuronic
acid)] for kaempferol-O-glucuronide. Compound 32 in BUuOH
fraction exhibited [M-H]~ with m/z 635, and fragment peaks; m/
z 461[M-H-174 (glucuronic acid)]” and 285[M-H-174 (glucuronic
acid)-176 (glucuronic acid)], this compound was interpreted
as kaempferol-di-O-glucuronide(29,33,37]. Compound 32 in the
defatted MeOH extract showed [M-H] ion at m/z 343 and other
pesks at m/z 329, 301, 286 and 181, which produced characteristics
for penduletin. Also, compound 37 in BUOH fraction exhibited
[M-H] ion at m/z 373 and other fragment ions; m/z 358 and 343 for
casticin(12,29,33,39,41].

4.2.3. Identification of iridoids derivatives

Iridoids belong to the class of secondary metabolites; they are
bicyclic monoterpenes containing a pyran ring in their structure and
may include a sugar moiety[42]. In the present work, the typical LC-
ESI-MS chromatograms of the defatted MeOH extract and BuOH
fraction of V. agnus-castus exhibited some iridoid compounds.
Compounds 11, 12 and 16 in the defatted MeOH extract and
compounds 11, 12 and 18 in BUOH fraction gave [M-H] ion at
m/z 495 and the characteristic fragment peaks; m/z 375, 281, 213
and 137. This reflected that this compound was 2'-p-hydroxy
benzoyl mussaenosidic acid (negundoside)[43-45]. Compound 14
in the defatted MeOH extract and compound 15 in BuOH fraction
showed the same molecular ion peak [M-H]™ ion at m/z 465 and
yielded other fragment peaks at m/z 303, 285 and 137, which
produced characteristics foragnuside[29,33,37,44,46]. On the other
hand, compounds 25 and 24 in the defatted MeOH extract and
compounds 24 and 27 in BUOH fraction gave [M-H]  ions at m/
z 542 and 543, respectively. Including the fragmentation data, the
chromatograms reflected the structure of the two compounds as 6'-
O-foliamenthoylmussaenosidic acid (agnucastoside A) and 6'-O-
(6,7-dihydroxy foliamenthoyl mussaenosidic acid (Agucastoside
B), respectively. Also, compound 36 in BUOH fraction represented
[M-H] ion at m/z 683 and had characteristic fragmentation data
of 7-O-trans-p-coumaroyl-6'-O-trans-caffeoyl-8-epiloganic acid
(Agucastoside C)[47.48].

It may be concluded that from the above results, the LC-ESI-
MS analysis of the defatted MeOH extract V. agnus-castus and
BuOH fraction demonstrated the presence of three major bioactive
secondary metabolites, viz. phenolic acids, flavonoids, and iridoids.
It could be concluded that the anticancer activity of each of the
tested extracts of V. agnus-castus is attributed to the presence of
phenolic acids, flavonoids, and iridoids. These bioactive secondary
metabolites can induce apoptosis in the HepG2 cell line through
caspase-3 activation. The antiproliferative and apoptotic properties
of V. agnus-castus extracts would suggest its use as an adjuvant in
cancer therapy. Further isolation and evaluation of each bioactive
constituent are highly recommended.

Conflict of interest statement

We declare that we have no conflict of interest.

547

Acknowledgments

The authors are very grateful for Prof. Dr. El-Sayed Saleh Abdel-
Hameed, professor of Natural Products, Faculty of Science, Taif
University, Kingdom of Saudi Arabia, for carrying out the LC-ESI-
MS andlysisin hislaboratory. The necessary funds were supported by
Theodor Bilharz Research Institute (Project No. 98 A).

References

[1] Fattovich G, Stroffolini T, Zagni |, Donato F. Hepatocellular carcinoma
in cirrhosis: incidence and risk factors. Gastroenterology 2004; 127(5
Suppl 1): S35-50.

[2] Shaker MK, Abdella HM, Khalifa MO, El Dorry AK. Epidemiologica

characteristics of hepatocellular carcinoma in Egypt: a retrospective

analysisof 1313 cases. Liver Int 2013; 33(10): 1601-6.

Tsujikawa H, Masugi Y, Yamazaki K, Itano O, KitagawaY, Sakamoto

M. Immunohistochemical molecular analysis indicates hepatocellular

carcinoma subgroups that reflect tumor aggressiveness. Hum Pathol

2016; 50: 24-33.

Guo J, Wang MH. Extract of Ulmus davidiana planch bark induced

gpoptosisin human hepatomacell line HepG2. EXCLI J 2009; 8: 130-7.

[5] Circu ML, Aw TY. Glutathione and modulation of cell apoptosis.

Biochim Biophys Acta 2012; 1823(10): 1767-77.

Notarbartolo M, Poma P, Perri D, Dusonchet L, Cervello M,

[3

=

[4]

[

[6]

=2

D’Alessandro N. Antitumor effects of curcumin, alone or in combination

with cisplatin or doxorubicin, on human hepatic cancer cells. Analysis of

their possible relationship to changes in NF-kB activation levels and in
I AP gene expression. Cancer Lett 2005; 224: 53-65.

Galati G, Teng S, Moridani MY, Chan TS, O’Brien PJ. Cancer

chemoprevention and apoptosis mechanisms induced by dietary

polyphenoalics. Drug Metabol Drug Interact 2000; 17(1-4): 311-49.

Youngcharoen S, Senapin S, Lertwimol T, Longyant S, Sithigorngul P,

Flegel TW, et . Interaction study of anovel Macrobrachium rosenbergii

effector caspase with B2 and capsid proteins of M. rosenbergii nodavirus

reveals their rolesin apoptosis. Fish Shellfish Immunol 2015; 45(2): 534-

42,

Mukhija M, Lal Dhar K, Nath Kalia A. Bioactive lignans from

Zanthoxylum alatum Roxb. stem bark with cytotoxic potential. J

Ethnopharmacol 2014; 152(1): 106-12.

[10] Kintzios SE. Terrestria plant-derived anticancer agents and plant species
used in anticancer research. Crit Rev Plant Sci 2006; 25(2): 79-113.

[11] OhyamaK, Akaike T, Hirobe C, Yamakawa T. Cytotoxicity and apoptotic
inducibility of Vitex agnus-castus fruit extract in cultured human normal
and cancer cells and effect on growth. Biol Pharm Bull 2003; 26(1):
10-8.

[12] Chen SN, Friesen JB, Webster D, Nikalic D, van Breemen RB, Wang ZJ,
et a. Phytocongtituents from Vitex agnus-castus fruits. Fitoterapia 2011,
82(4): 528-33.

[13] Li S, Qiu S, Yao P, Sun H, Fong HH, Zhang H. Compounds from
the fruits of the popular european medicinal plant Vitex agnus-castus
in chemoprevention via NADP (H): quinone oxidoreductase type 1
induction. Evid Based Complement Alternat Med 2013; 2013: 432829.

[14] Sultan Adantiirk O, Celik TA. Antioxidant activity and anticancer effect
of Vitex agnus-castus L. (Verbenaceae) seed extracts on MCF-7 breast
cancer cells. Caryologia Int J Cytol Cytosyst Cytogen 2013; 66(3): 257-
67.

[15] Sahib HB, Al-Zubaidy AA, Hussain SM, Jassm GA. The anti angiogenic
activity of Vitex agnus-castus leaves extracts. Int J Pharm Pharm Sci

[7

—

8

=

)



548

2014; 6(Suppl 1): 863-9.

[16] Talib WH, Mahasneh AM. Antiproliferative activity of plant extracts
used against cancer in traditional medicine. Sci Pharm 2010; 78(1): 33-
45.

[17] Park Kl, Park HS, Nagappan A, Hong GE, Lee do H, Kang SR, et al.
Induction of the cell cycle arrest and apoptosis by flavonoids isolated
from Korean Citrus aurantium L. in non-small-cell lung cancer cells.
Food Chem 2012; 135(4): 2728-35.

[18] Fotakis G, Timbrell JA. In vitro cytotoxicity assays. comparison of LDH,
neutral red, MTT and protein assay in hepatoma cell lines following
exposure to cadmium chloride. Toxicol Lett 2006; 160: 171-7.

[19] Hsu SM, RaineL. Pratein A, avidin, and biotin in immunohistochemistry.
J Histochem Cytochem 1981; 29(11): 1349-53.

[20] Duan WR, Garner DS, Williams SD, Funckes-Shippy CL, Spath IS,
Blomme EA. Comparison of immunohistochemistry for activated
caspase-3 and cleaved cytokeratin 18 with the TUNEL method for
quantification of apoptosis in histological sections of PC-3 subcutaneous
xenografts. J Pathol 2003; 199(2): 221-8.

[21] Ganesh G, Abhishek T, Saurabh M, Sarada NC. Cytotoxic and apoptosis
induction potential of Mimusops elengi L. in human cervical cancer
(SiHa) cdll line. J King Saud Univ Sci 2014; 26(4): 333-7.

[22] Emanuele S, Calvaruso G, Lauricella M, Giuliano M, Bellavia G,
D’Anneo A, et al. Apoptosis induced in hepatoblastoma HepG2 cells by
the proteasome inhibitor MG132 is associated with hydrogen peroxide
production, expression of Bcl-XS and activation of caspase-3. Int J
Oncol 2002; 21(4): 857-65.

[23] Strivastava JK, Gupta S. Antiproliferative and apoptotic effects of
chamomile extract in various human cancer cells. J Agric Food Chem
2007; 55(23): 9470-8.

[24] Imai M, Yuan B, Kikuchi H, Saito M, Ohyama K, Hirobe C, et al.
Growth inhibition of a human colon carcinoma cell, COLO 201, by a
natural product, Vitex agnus-castus fruits extract, in vivo and in vitro. Adv
Biol Chem 2012; 2: 20-8.

[25] Park HJ, Kim MJ, Ha E, Chung JH. Apoptotic effect of hesperidin
through caspase-3 activation in human colon cancer cells, SNU-C4.
Phytomedicine 2008; 15: 147-51.

[26] Bastos DH, Saldanha LA, Catharino RR, Sawaya AC, Cunha IB,
Carvalho PO, et al. Phenolic antioxidants identified by ESI-MS from
Yerba maté (llex paraguariensis) and green tea (Camelia sinensis)
extracts. Molecules 2007; 12(3): 423-32.

[27] Saldanha LL, Vilegas W, Dokkedal AL. Characterization of flavonoids
and phenolic acids in Myrcia bella Cambess. using FIA-ESI-IT-MS(")
and HPLC-PAD-ESI-IT-MS combined with NMR. Molecules 2013;
18(7): 8402-16.

[28] Chen F, Long X, Liu Z, Shao H, Liu L. Analysis of phenalic acids
of Jerusalem artichoke (Helianthus tuberosus L.) responding to
salt-stress by liquid chromatography/tandem mass spectrometry.
ScientificWorldJournal 2014; 2014: 568043.

[29] Lin LZ, Harnly JM. Identification of the phenolic components of
chrysanthemum flower (Chrysanthemum morifolium Ramat). Food
Chem 2010; 120(1): 319-26.

[30] HOgner C, Sturm S, Seger C, Stuppner H. Development and vaidation
of arapid ultra-high performance liquid chromatography diode array
detector method for Vitex agnus-castus. J Chromatogr B 2013; 927: 181-
90.

[31] Bystrom LM, Lewis BA, Brown DL, Rodriguez E, Obendorf RL.
Characterization of phenolics by LC-UV/vis, LC-MS/MS and sugars
by GC in Melicoccus bijugatus Jacq. “Montgomery” fruits. Food Chem
2008; 111(4): 1017-24.

Ezzat El-Sayed Abdel-Lateef et al./Asian Pac J Trop Dis 2016; 6(7): 539-548

[32] Chen HJ, Inbaraj BS, Chen BH. Determination of phenolic acids and
flavonoids in Taraxacum formosanum Kitam by liquid chromatography-
tandem mass spectrometry coupled with a post-column derivatization
technique. Int J Mol Sci 2012; 13(1): 260-85.

[33] Huang M, Zhang Y, Xu S, Xu W, Chu K, Xu W, et a. Identification
and quantification of phenolic compounds in Vitex negundo L.
var. cannabifolia (Siebold et Zucc.) Hand.-Mazz. using liquid
chromatography combined with quadrupole time-of-flight and triple
quadrupole mass spectrometers. J Pharm Biomed Anal 2015; 108: 11-20.

[34] Alvarez-Ferndndez MA, Cerezo AB, Cafiete-Rodriguez AM, Troncoso
AM, Garcia-Parrilla MC. Composition of nonanthocyanin polyphenols
in alcoholic-fermented strawberry products using LC-MS (QTRAP),
high-resolution MS (UHPLC-Orbitrap-MS), LC-DAD, and antioxidant
activity. J Agric Food Chem 2015; 63(7): 2041-51.

[35] Jiang ZH, Hirose Y, Iwata H, Sakamoto S, Tanaka T, Kouno |I.
Caffeoyl, coumaroyl, galloyl and hexahydroxydiphenoyl glucoses from
Balanophora japonica. Chem Pharm Bull (Tokyo) 2001; 49(7): 887-92.

[36] Yushchyshena O, Tsurkan O. Phenolic compounds content in Vitex
agnus-castus L. and V. cannabifolia Sieb. growing in Ukraine. J Med
Plants Stud 2014; 2(4): 36-40.

[37] Mari A, Montoro P, D’Urso G, Macchia M, Pizza C, Piacente S.
Metabolic profiling of Vitex agnus castus leaves, fruits and sprouts:
analysis by LC/ESI/(QqQ)MS and (HR) LC/ESI/(Orbitrap)/MS". J
Pharm Biomed Anal 2015; 102: 215-21.

[38] Jarry H, Spengler B, Wuttke W, Christoffel V. In vitro assays for
bioactivity-guided isolation of endocrine active compounds in Vitex
agnus-castus. Maturitas 2006; 55(Suppl 1): S26-36.

[39] Mari A, Montoro P, Pizza C, Piacente S. Liquid chromatography tandem
mass spectrometry determination of chemical markers and principal
component analysis of Vitex agnus-castus L. fruits (Verbenaceae) and
derived food supplements. J Pharm Biomed Anal 2012; 70: 224-30.

[40] Kurutizim-Uz A, Guvenalp Z, Stroch K, Demirezer LO, Zeeck A.
Antioxidant potency of flavonoids from Vitex agnus-castus L. growing in
Turkey. FABAD J Pharm Sci 2008; 33: 11-6.

[41] Azizuddin, Makhmoor T, Choudhary MI. Radical scavenging potential
of compounds isolated from Vitex agnus-castus. Turk J Chem 2010;
34(2010): 119-26.

[42] Ramirez-Cisneros MA, Rios MY, Aguilar-Guadarrama AB, Rao PP,
Aburto-Amar R, Rodriguez-Lépez V. In vitro COX-1 and COX-2
enzyme inhibitory activities of iridoids from Penstemon barbatus,
Castilleja tenuiflora, Cresentia alata and Vitex mollis. Bioorg Med Chem
Lett 2015; 25(20): 4505-8.

[43] Calis |, Kirmizibekmez H, Tagdemir D, Ireland CM. Iridiod glycosides
from Globularia davisiana. Chem Pharm Bull (Tokyo) 2002; 50(5): 678-
80.

[44] Sathiamoorthy B, Gupta P, Kumar M, Chaturvedi AK, Shukla PK,
Maurya R. New antifungal flavonoid glycoside from Vitex negundo.
Bioorg Med Chem Lett 2007; 17(1): 239-42.

[45] Gautam LN, Shrestha SL, Wagle P, Tamrakar BM. Chemical constituents
from Vitex negundo (Linn) of Nepalese origin. Sci World 2008; 6(6): 27-
32.

[46] Shah S, Dhanani T, Kumar S. Validated HPLC method for identification
and quantification of p-hydroxy benzoic acid and agnuside in Vitex
negundo and Vitex trifolia. J Pharm Anal 2013; 3(6): 500-8.

[47] Kurutizim-Uz A, Stroch K, Demirezer LO, Zeeck A. Glucosides from
Vitex agnus-castus. Phytochemistry 2003; 63(8): 959-64.

[48] MeenaAK, Niranjan US, Rao MM, Padhi MM, Babu R. A review of the
important chemical constituents and medicinal uses of Vitex genus. Asian
J Tradit Med 2011; 6(2): 54-60.



