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A B S T R A C T   

Vitex rotundifolia is a folk medicinal plant that has been used to treat various diseases. We have previously found 
that the extract of its leaves shows cytotoxic and epithelial mesenchymal transition inhibitory effect in HHUA 
endometrial cells. In this study, a new labdane-type diterpenoid 1 was isolated and its structure was elucidated 
by NMR and CD spectroscopic analysis followed by density functional theory calculations. Compound 1 showed 
cytotoxicity toward HHUA cells with an IC50 value of 6.4 μM, but did not inhibit phorbol ester-induced epithelial 
mesenchymal transition nor lipopolysaccharide-stimulated nitric oxide production.   

1. Introduction 

Vitex is a genus in the Lamiaceae family, consisting of more than 200 
species. Some Vitex plants have been used as traditional medicine for the 
treatment of various diseases [1,2]. Vitex rotundifolia is widely distrib
uted on the Asian and Oceanian coasts, and its fruits (“Mankeishi” in 
Japanese) have been used as a herbal medication for the treatment of 
colds, headaches, and other inflammatory symptoms [1] The fruit of 
V. agnus-castus (chasteberry) is a folk treatment for premenstrual syn
drome, menstrual pain, and menopausal symptoms. In addition, the 
extract of its fruit was reported to inhibit growth activity in cancer cells 
in vitro and in vivo [3]. Various terpenoids contained in these plants have 
drawn attention due to their anti-inflammatory, anti-tumor, anti- 
bacterial, and other pharmacological activities [4]. We have recently 
found that the leaf extract of V. rotundifolia showed an epithelial- 
mesenchymal transition (EMT) inhibitory effect in HHUA endometrial 
cancer cells, and vitetrifolin D, a halimane-type diterpenoid, was iso
lated as the active compound [5]. Since endometrial EMT is a plausible 
factor promoting endometriosis, adenomyosis, and endometrial cancer 
[6,7], these findings could provide an explanation for why Vitex fruits 
have been used in the treatment of gynecological disorders. Addition
ally, we have also observed that the extract of V. rotundifolia exhibited 
cytotoxicity against HHUA cells, suggesting the presence of other anti- 
cancer candidates in this plant. In our continuing study on cytotoxic 
and anti-proliferative natural products in V. rotundifolia, we, in this 
study, isolated an undescribed labdane-type diterpenoid 1 with cyto
toxicity against the HHUA cell line. 

2. Results and discussion 

2.1. Isolation and structural determination of 1 

The fresh leaves (4.6 kg) were extracted with MeOH, and partitioned 
between n-hexane and 90 % MeOH in H2O. The n-hexane layer was 
subjected to silica gel column chromatography, ODS column chroma
tography, and reversed-phase HPLC to give 1 (2.7 mg) as a 3:1 insepa
rable mixture of two diastereomers (1a/1b, Fig. 1A). Compound 1 was 
obtained as a colorless syrup with an optical rotation of [α]D

24 = –15.4 (c 
0.1, MeOH). The molecular formula of 1 was determined to be C22H36O5 
by HR-ESI-MS m/z 403.2469 (calcd for C22H36O5Na, 403.2455). The IR 
spectrum suggested the presence of hydroxy and ester groups (3414, 
1733 cm− 1). The 13C NMR and DEPT spectra showed duplicate reso
nances for three tertiary methyl groups (δ 19.9/19.8, 23.7/23.8, and 
33.2/33.1), one secondary methyl group (δ 17.6/17.2), one oxygenated 
methylene (δ 77.7/78.4), seven methylenes (δ 18.8/18.8, 29.6/29.7, 
33.6/34.0, 34.6/34.8, 36.4/36.6, 44.2/44.1, and 45.0/47.9), two 
oxygenated methines (δ 70.3/70.7 and 99.8/99.4), two methines (δ 
31.6/31.4 and 49.8/48.7), two oxygenated quaternary carbons (δ 90.2/ 
89.7 and 94.5/92.3), two quaternary carbons (δ 34.2/34.1 and 42.9/ 
42.9), and an acetoxy group (δ 21.9/22.0 and 170.4/170.5). The planar 
structure of 1 was determined by COSY, HMQC, and HMBC experiments 
(Fig. 1B). The labdane structure (A and B rings) was confirmed by the 
HMBC correlations from H-1a to C2; H-5 to C19/C20; H-6 to C10; H3-17 
to C7/C8/C9; H3-18 to C3/C4/C5/C19; H3-19 to C3/C5/C18; and H3-20 
to C1/C5/C9/C10. The correlation from oxygenated methine H-6 to the 
carbonyl carbon suggested the presence of an acetoxy group at position 
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6. The bis-spiro tetrahydrofuran structure (C and D rings) was confirmed 
by the HMBC correlation from H-8 to C11; H-14a to C13/C16; H-16b to 
C12/C15; H-16a to C13/C14; H3-17 to C9; and H3-20 to C9. 

The NOESY cross-peaks suggested that the 6-acetoxy group, H-8, and 
H3-20 exit at the same β-face of the AB ring. The relative configuration at 
C-9 and C-13 was established by the cross-peaks between H-11b and H3- 
20, and H-16a and H3-17, respectively (Fig. 1C). The 1H NMR chemical 
shifts at H-15, H-16a, and H-16b were significantly different between 1a 
and 1b, while other signals were similar or overlapped each other. By 
comparison of 1H NMR data of other labdane-type diterpenoids with the 
same spiro lactol ring [8–14], 1 was suggested to be a 3:1 diastereomeric 
mixture at position 15. We next performed molecular modeling to 
demonstrate the three-dimensional structure of both epimers at position 
15. Their most stable conformations were predicted by the simulated 
annealing method and density functional theory (DFT) calculation 
(Fig. 2). The conformation of the epimer with an α-orientation of 15-OH 
showed an intramolecular hydrogen bond between 15-OH and oxygen 
atom in C-ring, while the epimer with a β-orientation of 15-OH did not 
form any intramolecular hydrogen bonds. The 1H NMR coupling con
stant between H-15 and 15-OH (J = 10.6 Hz) in the major isomer 1a 
suggested that the 15-OH group was involved in intramolecular 
hydrogen bond. In addition, the 1H NMR chemical shifts at H-15, H-16a, 
and H-16b of 1a/1b were well correlated to those of velutine A/15-epi 
velutine A [8], 15-epi-leoheteronone B/leoheteronone B,9 and 15-epi- 
lagopsin D/lagopsin D [10], which are the pairs of derivatives with 
α-/β-orientation of 15-OH. Therefore, we concluded that the 15-OH 
group had an α-orientation in the major isomer 1a, and a β-orientation 
in the minor isomer 1b. 

The absolute configuration of 1 was estimated to be the same as other 
related labdane-type diterpenoids occurring in Lamiaceae plants [15]. 
To reinforce the estimated absolute configuration assignment, we 
employed CD spectroscopic analysis. As shown in Fig. 3, the observed 
CD for 1 exhibited a Cotton effect at 213 nm (Δε +1.1). On the other 
hand, the calculated CD curve of (5S, 6R, 8R, 9R, 10S, 13R, 15R)-1a and 
(5S, 6R, 8R, 9R, 10S, 13R, 15S)-1b was obtained by the time-dependent 
density functional theory (TD-DFT) calculation. Because the calculated 
CD curve was consistent with the experimental spectrum, the absolute 
configurations of 1a and 1b were determined to be (5S, 6R, 8R, 9R, 10S, 
13R, 15R) and (5S, 6R, 8R, 9R, 10S, 13R, 15S), respectively. 

2.2. Cytotoxicity and EMT inhibitory activity of 1 in HHUA cells 

First, we evaluated the cytotoxicity of 1 toward HHUA cells. After 24 
h treatment with 1, cell viability was determined by WST-based color
imetric assay (Fig. 4), and the IC50 value (and the 95 % confidence in
terval) of 1 was found to be 6.4 μM (4.5–9.0 μM). Since V. rotundifolia 
has EMT inhibitory potential [5], we next tested the inhibitory activity 
of 1 against EMT in HHUA cells. Our previous study showed that 12-O- 
tetradecanoylphorbol 13-acetate (TPA) reduced the expression of E- 
cadherin, a main component of the epithelial adherens junction, and 
increased vimentin, an intermediate filament of mesenchymal cells [16]. 
Thus, it was evaluated by western blotting whether 1 suppressed the 
TPA-induced change in expression of these EMT marker proteins. Since 

1 significantly decreased the cell viability at a concentration higher than 
10 μM (Fig. 4), we used 5 μM of 1 in this assay. As shown in Fig. 5, 1 did 
not reduce the vimentin/E-cadherin ratio, suggesting that 1 was not an 
EMT inhibitor, at least at the non-toxic concentration. 

2.3. Inhibitory activity of 1 against nitric oxide production in RAW264 
cells 

As mentioned above, some terpenoids isolated from Vitex plants 
showed the anti-inflammatory activity [4]. Therefore, we also evaluated 
the inhibitory effect of 1 on the production of nitric oxide (NO), an in
flammatory mediator, in lipopolysaccharide (LPS)-stimulated RAW264 
cells. The Griess assay [17] revealed that 1 failed to suppress the NO 
production at 10 μM or below (Fig. 6), suggesting that 1 did not have 
anti-inflammatory properties. 

2.4. Conclusions 

In this study, we described the isolation of 1 from the leaves of 
V. rotundifolia and structural elucidation by NMR and CD spectroscopic 
analysis. These results revealed that 1 was an undescribed spiro labdane- 
type diterpenoid though some related derivatives have been previously 
reported [8–10,15,18]. Compound 1 did not inhibit EMT nor NO pro
duction, but was cytotoxic to the HHUA endometrial cancer cell line. 
Given the limited information on the biological activities of spiro- 
labdane-type diterpenoids, our results provided some insights into 
their structure–activity relationship. Referring to previous reports, the 
cytotoxicity of 1 to cancer cells seems to be relatively stronger than 
those of other spiro labdane-type derivatives. Previtexilactone, whose D 
ring is 15,16-γ-lactone, did not show significant cytotoxicity against the 
HCT116 colon cancer cell line (IC50 > 100 μM) [19]. The cytotoxicity of 
nishindanol, which has the 13-epi configuration and 16,15-γ-lactol, was 
approximately one order of magnitude weaker than that of 1 (IC50 for 
PANC1 and DU145 cell lines was 41 μM and > 60 μM, respectively) [20]. 
On the other hand, 1 did not inhibit the NO production, while negundoin 
E, which has the 13-epi configuration, 16,15-γ-lactol, and an acetoxy 
group at position 3 instead of position 6, was reported to show a strong 
inhibitory activity (IC50 = 0.23 μM) [21]. Therefore, the structure of D- 
ring and the substitution position of the acetoxy group on the AB-rings 
should have significant effects on their cytotoxicity and anti- 
inflammatory activity. We have started the synthetic study of these 
derivatives to simultaneously evaluate their biological activity under the 
same assay conditions. 

3. Materials and methods 

3.1. General remarks 

NMR spectra were recorded on JNM-ECZ500 (JEOL, Tokyo, Japan), 
and chemical shifts are reported in ppm relative to the residual solvent 
(1H NMR: CDCl3 as δ = 7.26 ppm, 13C NMR: CDCl3 as δ = 77.0 ppm). 
High-resolution electrospray ionization mass spectra (HR-ESI-qTOF-MS) 
were recorded on a micrOTOF II (Brucker Daltonics, Billerica, MA, 

Fig. 1. (A) Structure of 1a and 1b. (B) COSY and HMBC correlations of 1. (C) Key NOESY correlations of 1a.  
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USA). Optical rotations were measured with a P-1010 digital polarim
eter (JASCO, Tokyo, Japan). Infrared (IR) spectra were recorded on a 
FT/IR-670 Plus (JASCO) and are reported in wave numbers (cm− 1). CD 
spectra were recorded on a J-1100 spectropolarimeter (JASCO). 
Wakogel C-300 (FUJIFILM Wako Pure Chemical Corporation, Osaka, 
Japan) and COSMOSIL 75C18-OPN (Nacalai tesque, Inc., Kyoto, Japan) 
were used for column chromatography. YMC Pack ODS-AM AM12S05- 
1520 wt (YMC Co. Ltd., Kyoto, Japan) was used for HPLC. 

3.2. Extraction and isolation 

The plant Vitex rotundifolia L. f. (Lamiaceae) was collected from 
Chidorigahama Beach (Naruto, Japan) in November 2022. The voucher 
specimen was deposited at the Department of Applied biological Sci
ence, Kagawa University. Fresh leaves of V. rotundifolia (4.6 kg) were 
extracted with methanol (10 L) at room temperature. The methanol 
extract (350 g) was partitioned between n-hexane and 90 % methanol in 
H2O. The n-hexane extract (11.6 g) was subjected to silica gel column 
chromatography (ϕ 40 x 460 mm; 0–100 % EtOAc in n-hexane) to give 7 
fractions. The elute obtained with 40 % EtOAc in n-hexane (0.75 g) was 
subjected to ODS column chromatography (ϕ25 x 100 mm; 50–100 % 
MeOH in H2O, and EtOH) to give 6 fractions. The elute obtained with 80 
% MeOH in H2O (104 mg) was further purified by HPLC. The elute (30 
mg) was subjected to reversed-phase HPLC (YMC Pack ODS-AM 
AM12S05-1520 wt, ϕ 20 x 150 mm; 80 % MeOH in H2O; flow rate 
8.0 mL/min, retention time 15.1–16.5 min) to give 1 (2.7 mg) as a 

colorless syrup: [α]D
24 = –15.4 (c 0.1, MeOH); CD (0.00026 M, MeOH) 

λmax (Δε) 213 (+1.1) nm; IR (KBr; cm− 1): 3414, 2925, 1733, 1250, 1223, 
1021; HR-ESI-qTOF-MS: m/z 403.2469 [M + Na]+ (calcd for 
C22H36O5Na, 403.2455); 1H and 13C NMR spectra data: see Table 1. 

3.3. Molecular modeling and CD calculation 

The conformer library of 1a and 1b was generated by a simulated 
annealing method under a vacuum using the GROMACS program 
(version 2023.3) with a general AMBER force field 2 (GAFF2) and the 
AM1-BCC charge. Then, two possible conformers from each compound 
were selected, which were within 3 kcal/mol from the global minimum 
conformer for each compound at the B3LYP/6-31G(d) level of theory. 
Further structural optimization and frequency analysis were performed 
at the M06-2X/jul-cc-pVTZ level of theory with polarizable continuum 

Fig. 2. The most stable conformations of epimers at position 15 of 1.  

Fig. 3. Experimental and calculated CD spectra of 1.  

Fig. 4. Effects of 1 on the cell viability of HHUA cells. HHUA cells were treated 
with the indicated concentration of 1 for 24 h. Thereafter, cell viability was 
determined by WST assay. Cell growth was expressed as a percentage relative to 
the vehicle group. Error bars represent standard error (n = 4). A result of one of 
the three independent experiments that gave similar results is shown. 
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model using the integral equation formalism (IEFPCM) solvent model 
with methanol solvent. The optimized structures were subjected to the 
time-dependent density functional theory (TD-DFT) calculation at the 
M06-2X/jul-cc-pVTZ level of theory with the IEFPCM solvent (meth
anol) model. The four calculated ECD spectra were combined with the 
weight based on the DFT free energy difference and slightly shifted to fit 
the experimental spectra. All DFT calculations were performed using the 
Gaussian 16 (Revision C.02) program. 

3.4. Cell culture 

HHUA (RCB0658) human endometrial cancer and RAW264 
(RCB0535) mouse macrophage cell lines were provided by RIKEN BRC 
through National Bio-Resource Project of the NEXT/AMED (Tsukuba, 

Japan). HHUA cells were cultured in Ham’s/F2 medium with 10 % heat- 
inactivated FBS, 1 mM L-glutamine, 100 U/mL penicillin, and 100 μg/ 
mL streptomycin. RAW264 cells were cultured in DMEM medium with 
10 % heat-inactivated FBS, 1 mM L-glutamine, 100 U/mL penicillin, and 
100 μg/mL streptomycin. They were maintained at 37 ℃ in a humidified 
atmosphere containing 5 % CO2. 

3.5. Cytotoxicity assay 

HHUA cells (1 x 104 cells/200 μL⋅well) were seeded in 96-well plate 
and allowed to attach overnight. Thereafter, solution of 1 in DMSO or 
DMSO alone was added. After incubation for 24 h, 20 μL of Cell Counting 

Fig. 5. Effect of 1 on the expressions of EMT marker proteins in TPA-stimulated HHUA cells. A representative result of western blotting and quantification of band 
intensity from triplicate samples are shown. Error bars represent standard error (n = 3). 

Fig. 6. Effect of 1 on the NO production in LPS-stimulated RAW264 cells. BOT- 
64 (NF-κB inhibitor) was used as a positive control. A representative result of 
two independent experiments that gave similar results is shown. Error bars 
represent standard error (n = 3). 

Table 1 
NMR data of 1 in CDCl3.   

1a/1b 

position δH (J, Hz) δC 

1a 1.54 (1H, m) 34.6 / 34.8 
1b 1.47 (1H, m)  
2a 1.66 (1H, m) 18.8 / 18.8 
2b 1.54 (1H, m)  
3a 1.33 (1H, m) 44.2 / 44.1 
3b 1.11 (1H, m)  
4  34.2 / 34.1 
5 1.30 (1H, m) 49.8 / 48.7 
6 5.38 (1H, m) 70.3 / 70.7 
7a 1.72 (1H, m) 36.4 / 36.6 
7b 1.50 (1H, m)  
8 2.12 (1H, m) 31.6 / 31.4 
9  94.5 / 92.3 
10  42.9 / 42.9 
11a 2.18 (1H, m) 29.6 / 29.7 
11b 1.73 (1H, m)  
12a 2.16 (1H, m) 33.6 / 34.0 
12b 1.89 (1H, m)  
13  90.2 / 89.7 
14a 2.46 (1H, d, 13.2) / 2.40 (1H, dd, 13.2, 5.2) 45.0 / 47.9 
14b 1.85 (1H, dd, 13.2, 5.2) / 1.93 (1H, m)  
15 5.41 (1H, dd, 10.6, 4.8) / 5.61 (1H, br d, 5.1) 99.8 / 99.4 
16a 4.25 (1H, d, 8.7) / 4.02 (1H, d, 8.6) 77.7 / 78.4 
16b 3.72 (1H, d, 8.7) / 3.96 (1H, d, 8.6)  
17 0.84 (3H, d, 6.9) / 0.79 (3H, d, 6.3) 17.6 / 17.2 
18 0.92 (3H, s) 33.2 / 33.1 
19 0.98 (3H, s) 23.7 / 23.8 
20 1.24 (3H, s) 19.9 / 19.8 
C=O  170.4 / 170.5 
COCH3 2.04 (3H, s) 21.9 / 22.0 
15-OH 3.96 (1H, br d, 10.9)   
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Kit-8 (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) was 
added to each well, and plate was incubated at 37 ℃ for an additional 4 
h. The absorbance at 450 nm was measured for the control (C) well and 
the test well (T) using a microplate reader (Multiskan FC; Thermo Fisher 
Scientific, Walthman, MA, USA). Cell viability in the presence of each 
concentration (5, 10, 20 μM) of 1 was calculated as 100 × (T/C) using 
average of quadruplicate points. IC50 value, defined as 100 × (T/C) =
50, was determined by processing these values. 

3.6. Western blotting 

0.2 % of atelocollagen solution (KOKEN Co., Ltd, Tokyo, Japan) was 
added to each well of a 48-well plate (150 μL/well) and incubated at 37 
℃ for 2 h to allow gelation. HHUA cells (7.5 x 104 cells/450 μL⋅well) 
were seeded in a collagen gel-coated 48-well plate and allowed to attach 
overnight, and then solution of 1 in DMSO or DMSO alone was added. 
After incubation for 30 min, TPA solution in DMSO or DMSO alone was 
added and incubated for 24 h. Cells and collagen gels were washed with 
PBS, lysed by adding 100 μL of 2X SDS sample buffer, and boiled for 10 
min. Equal amounts of sample were subjected to SDS-PAGE using slab 
gels consisting of a 10 % acrylamide separation gel and a 3 % stacking 
gel, and transferred to a nitrocellulose membrane. After blocking with 
PBS-T containing 0.5 % skimmed milk for 1 h at room temperature, the 
blots were incubated for 2 h at room temperature with primary anti
bodies. After washing with PBS-T, the blots were incubated for 1 h at 
room temperature with secondary antibodies. After washing, the 
chemiluminescence signal of each band was quantified using Amersham 
Imager 680 analysis software (GE healthcare, Chicago, IL, USA). Anti-E- 
cadherin (24E10), anti-vimentin (D21H3), and HRP-conjugated anti- 
rabbit IgG antibodies were obtained from Cell Signaling Technology 
(Danvers, MA, USA). These antibodies were diluted 1:1000 and used for 
the detection of immunoreactive bands. Total proteins were stained with 
India ink as loading control. 

3.7. Measurement of NO production 

RAW264 cells (1 x 104 cells/200 μL⋅well) were seeded in a black 96- 
well plate and allowed to attach overnight. The supernatant was aspi
rated and 180 μL of fresh medium containing each test compound was 
added. After incubation for 2 h, 20 μL of fresh medium containing 
lipopolysaccharide (LPS) was added (10 μg/mL, final concentration) and 
incubated for 24 h. Aliquots of supernatant (50 μL) were incubated with 
50 μL of Griess reagent (1 % sulfanilamide and 0.1 % naph
thylethylenediamine in 2.5 % phosphoric acid), and the absorbance at 
570 nm was measured using a microplate reader (Multiskan FC). The 
remaining supernatant was aspirated from the black 96-well plate, and 
100 μL of phosphate buffered saline containing 10 μg/mL of fluorescein 
diacetate was added. After incubation for 1 h, the fluorescence intensity 
(excitation and emission at 485 nm and 538 nm, respectively) was 
measured using Fluoroskan Ascent (Thermo Fisher Scientific). 
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