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Abstract: Ovarian cancer ranks amongst the deadliest cancers in the gynaecological category of cancers.
This research work aims to evaluate in vitro anti-ovarian cancer activities and identify phytochemical
constituents of a rarely explored plant species—Rutidea parviflora DC. The aqueous and organic extracts
of the plant were evaluated for cytotoxicity using sulforhodamine B assay in four ovarian cancer cell
lines and an immortalized human ovarian epithelial (HOE) cell line. The bioactive compounds were
isolated and characterized by gas/liquid chromatography mass spectrometry and nuclear magnetic
resonance spectroscopy. Caspase 3/7 activity assay, western blotting and flow cytometry were carried
out to assess apoptotic effects of active compounds. The extracts/fractions of R. parviflora showed
promising anti-ovarian cancer activities in ovarian cancer cell lines. A principal cytotoxic alkaloid was
identified as palmatine whose ICsy was determined as 5.5-7.9 pM. Palmatine was relatively selective
towards cancer cells as it was less cytotoxic toward HOE cells, also demonstrating interestingly
absence of cross-resistance in cisplatin-resistant A2780 cells. Palmatine further induced apoptosis by
increasing caspase 3/7 activity, poly-ADP-ribose polymerase cleavage, and annexin V and propidium
iodide staining in OVCAR-4 cancer cells. Our studies warranted further investigation of palmatine
and R. parviflora extracts in preclinical models of ovarian cancer.

Keywords: Ovarian cancer; Rutidea parviflora; Palmatine; Apoptosis
Key Contribution: Palmatine, a quaternary protoberberine alkaloid, has been isolated and identified

from an unexplored Nigerian plant—Rutidea parviflora DC. for the first time. It showed potent
cytotoxicity against ovarian cancer cells via apoptosis induction.

1. Introduction

Ovarian cancer is a significant and global threat to life in women. American cancer society
estimated that 22,240 of new ovarian cancer diagnosed and 14,070 ovarian cancer deaths are projected
to occur in the United States in 2018 [1]. It is ranked 5th most common cause of death among
women in the UK. There were 7270 new cases of ovarian cancer in 2015 and 4227 cases of ovarian
cancer-related deaths in 2016 in the UK. The ten year survival rate (2010-2011) remains just 35% [2].
Epithelial ovarian cancer can be subdivided into at least four major histological subtypes: serous,
endometrioid, clear cell and mucinous carcinoma [3]. High-grade serous ovarian cancer (HGSOC), the
most aggressive subtype, is responsible for 70-80% of all ovarian cancer deaths; the overall survival
rate has not changed significantly for several decades [4,5]. Ovarian cancer is typically diagnosed
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at a late stage and no effective screening strategy exists. The current standard treatment for ovarian
cancer entails surgery aimed at removing most of the cancerous cells, followed by the administration
of chemotherapeutics, often resulting in multiyear survival [4]. However, use of chemotherapy
introduces drug resistance and consequently subsequent relapse can lead to the death of the cancer
patients [6,7]. For example, platinum-based drugs are initially effective against HGSOC, but recurrent
tumors resistant to these agents have developed later on [8]. Recently, three novel poly-ADP-ribose
polymerase (PARP) inhibitors such as olaparib, rucaparib, and niraparib have been approved by the
US Food and Drug Administration and European Medicines Agency for the treatment of ovarian
cancer caused by the alteration of DNA damage repair pathways [9]. Despite of these significant
achievements, investigation into the discovery of new drugs that may offer wider therapeutic benefits
by overcoming resistance mechanisms and drug toxicity in ovarian cancer therapy is still an unmet
need in the light of the ovarian cancer menace.

The use of plants in the treatment of cancer is not new because there is documented evidence
of the use of medicinal plants for the treatment of cancer [10-12]. A number of plant-derived or
semi-synthetic anti-ovarian cancer drugs including paclitaxel, etoposide and topotecan have been
approved and widely used in clinic [13,14]. Previously, we identified cytotoxic cyclotides from a
Chinese medicinal plant [15], a cytotoxic indolizine alkaloid, securinine [16,17], and three cytotoxic
bisbenzylisoquinoline alkaloids, cycleanine [18-20], isochondodendrine and 2’-norcocsuline [21,22] in
Nigerian medicinal plants. Semi-synthetic cycleanine [23] and thymoquinone [24] analogues were
further prepared and evaluated for their in vitro anti-ovarian cancer activities. In continuation of our
search for novel anti-ovarian cancer compounds, we evaluated an unexplored Nigerian medicinal
plant—Rutidea parviflora DC. (family Rubiaceae) [17].

R. parviflora has been used for anti-inflammatory and anti-cancer activities among the indigenous
communities in Delta state of Nigeria. The fruits are taken to induce vomiting and for the treatment
of convulsions, epilepsy, spasm and paralysis [25]. However, there are no pharmacological and
phytochemical studies reported. In this study, we report the extraction, isolation and identification
of cytotoxic palmatine from R. parviflora, and its induction of apoptosis leading to ovarian cancer
cell death.

2. Results

2.1. Bioassay-Guided Isolation and Identification of Palmatine

Both the organic and aqueous extracts of R. parviflora inhibited growth of the cultures with ICs
values of <10 pg/ml in OVCAR-4, OVCAR-8, A2780, and cisplatin resistant A2780 (A2780cis) ovarian
cancer cell lines. Solvent partition of the organic extract yielded n-hexane, ethyl acetate, n-butanol and
aqueous fractions. The n-butanol fraction showed the most potent cytotoxic effects followed by the
ethyl acetate fraction (Table 1).

Bioassay-guided fractionation and isolation of the bioactive compounds of R. parviflora was carried
on the most potent n-butanol and ethyl acetate fractions. Nine sub-fractions were obtained from the
column fractionation of the n-butanol fraction. HPLC purification of the most potent sub-fraction
3 was carried out to obtain a yellow powder, which was determined as palmatine (1) (Figure 1) by
liquid chromatography coupled with mass spectrometry (LC-MS) (Figure S1), NMR spectroscopy and
comparing with a standard palmatine.
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Table 1. Cytotoxicity (ICsp) and selectivity index (SI) of the extracts, fractions, and isolated compounds
of R. parviflora in ovarian cancer cell lines and an immortalized human ovarian epithelial (HOE) cell
line after 72 h treatment. ICs is the half maximal inhibitory concentration of extracts, fractions, or
compounds. Sl is a ratio of the measured ICs, value against HOE to the measured ICs value against
each cancer cell line. The results are expressed as mean +SEM (n = 3). n.d., not determined.

Extract, Fraction and OVCAR-4 OVCAR-8 A2780 A2780cis HOE
Compounds (ng/ml)
Organic extract 6.6 +1.6 8.7+05 32+03 n.d. n.d.
Aqueous extract n.d. 59 +0.03 22+05 3.7 £0.03 n.d.
n-Hexane fraction 233+ 1.0 183 +£0.3 73+0.8 nd. nd.
Ethyl acetate fraction 54+03 58 +04 25+02 n.d. n.d.
n-Butanol fraction 26+0.1 26+0.3 1.7+£0.2 n.d. n.d.
Aqueous fraction 229+13 221+11 128 +1.3 n.d. n.d.
(uM)
Palmatine (1) 74+03 79+05 6.6 0.5 55+09 251 +5.0
SIfor1 34 3.2 3.8 4.6 -
Urs-12-en-24-oic acid,
3-0x0-, methyl ester (2) 854 +24 489 +£2.0 31.6 £3.3 n.d. >200
SI for 2 >2 >4 >6.5 - -
Carboplatin 111+ 04 108 +1.3 16.0+1.0 >100 152+ 3.0
SI for carboplatin 1.4 1.4 0.95 <0.15 -
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Figure 1. The chemical structure of palmatine (1) and urs-12-ene-24-oic acid, 3-oxo, methyl ester (2)
isolated from R. parviflora.

Palmatine (1) showed potent cytotoxicity with ICsq (5.5-7.9 uM) in four ovarian cancer cell lines,
but less cytotoxic to human ovarian epithelial (HOE) cell. The selectivity indexes (SI) of palmatine for
cancer cells compared to HOE cells ranged from 3-5, while the SI of the clinically used carboplatin
and paclitaxcel [24] only showed around 1-1.5 (Table 1). Further bioassay-guided fractionation of
ethyl acetate fraction yielded urs-12-ene-24-oic acid, 3-oxo, methyl ester (2), which exhibited moderate
inhibition of the growth of ovarian cancer cell cultures and also showed apparently mild effect on HOE
cells (Table 1). Compound 2 has been previously identified by gas chromatography coupled with mass
spectrometry (GC-MS) analysis from the ethanolic extract of Canscora perfoliata used in the treatment of
poisonous bites [26].

2.2. Apoptosis Studies

2.2.1. Caspase 3/7 Activity and Western Blotting Analysis

In order to investigate the possible route of cell death caused by the compounds, the effect of
palmatine on the activity of caspase 3/7 to evaluate apoptosis was determined in a selected OVCAR-4
cell line. It was derived from HGSOC tumor sample and regarded as one of the most suitable models
of ovarian cancer [3]. Figure 2A demonstrated that palmatine as well as positive control-carboplatin
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significantly increased caspase 3/7 activity in comparison to the vehicle-treated cells for an experimental
period of 48 h.
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Figure 2. (A) The effect of carboplatin and palmatine (each 10 uM) on the caspase 3/7 activity at
48 h in OVCAR-4 cells. The caspase activity was measured and normalized with corresponding
sulforhodamine B (SRB)-stained cells to estimate the surviving cell number. **** denotes that the result
is significantly different (p < 0.001). The results were expressed as mean +SEM, n = 3. (B) Detection
of poly-ADP-ribose polymerase (PARP) cleavage by immunoblotting. OVCAR-4 cells were treated
with palmatine (10 or 20 uM) and carboplatin (40 uM) for 48 h. The vehicle-treated cells served as
the control.

To confirm that the compounds induced apoptosis, caspases mediated cleavage of PARP was
assessed by immuno-staining. As expected, significant PARP cleavage in OVCAR-4 cells was observed
after treatment of palmatine and carboplatin (Figure 2B).

2.2.2. Flow Cytometric Analysis

Further investigation of the apoptosis inducted by palmatine (1) was carried out by means of
annexin V/propidium iodide (PI) labelling, followed by flow cytometry analysis. Palmatine (1) induced
concentration—-dependent increase in the population of OVCAR-4 cells in the early and late stage
of apoptosis compared to the control (Figure 3). The morphological changes of cells treated with
palmatine were monitored microscopically at 4872 h. The characteristic features of apoptosis such as
blebbing and shrinkage of cells were also clearly observable by microscopy (Figure S2).
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Figure 3. Flow cytometry analysis of the apoptotic effect of palmatine on OVCAR-4 cells after annexin
V/PI staining. OVCAR-4 cells were treated with palmatine (10 or 20 uM) and carboplatin (20 or 40 pM)
for 48 h. The vehicle-treated cells were used as the control. A representation of the quantification of
the combined early and late phase apoptotic cells is shown. **, ***, and **** denote that the results
are significantly different from the control with p < 0.01, 0.005, and 0.001, respectively. n.s. indicates
p > 0.05. The results were expressed as mean +SEM, n = 3.

3. Discussion

The phytochemical and pharmacological characterization of R. parviflora was carried out in this
study. Significant cytotoxic activities of both organic and aqueous extracts were demonstrated in
ovarian cancer cells. Here we focused on the organic extract, however, different water-soluble and
bioactive compounds could be discovered in the aqueous extract. From the organic extract, two
cytotoxic compounds: palmatine (1), a quaternary protoberberine alkaloid, and urs-12-ene-24-oic-acid,
3-oxo, methyl ester (2), a triterpenoid, were isolated and identified for the first time. Palmatine showed
significant inhibitory activity in the cell growth assay. Palmatine did show some preferential selective
cytotoxicity for cancer cells, with slightly less potent inhibition of the growth of HOE cells (Table 1).
The killing of cancer cells by the compound was likely to occur through induction of apoptosis,
evidenced by significant increase in caspase 3/7 activity (Figure 2A), PARP cleavage (Figure 2B),
annexin V/propidium iodide labelling of cells (Figure 3). PARP cleavage is a well-established method
of demonstrating apoptosis as PARP is a substrate for caspase 3 and 7 and is cleaved in the course
of apoptosis into two fragments [27,28]. PARP is a DNA repair nuclear enzyme which detects DNA
fragmentation [29]. The cleavage of PARP-1 thus is a confirmation of apoptosis. This enzyme has
been a validated drug target of developing successful PARP inhibitors for the treatment of ovarian
cancer [10]. It is of interest to note that palmatine showed greater potency and selectivity compared to
carboplatin. Importantly, it demonstrated an absence of cross-resistance in cisplatin-resistant A2780
cells (ICsg = 6.6 uM for A2780, and 5.5 pM for A2780cis cells). Because drug resistance still remains
one of the main causes of failure for ovarian cancer treatment using platinum compounds [8].

Palmatine was previously found to be present in Rhizoma coptidis, an important medicinal plant
commonly used in the traditional Chinese medicine [30] and the butanol fraction of Phellodendron
amurense bark extract [31]. Our result is in agreement with the reported cytotoxicity of palmatine in
prostate cancer cells [31] and breast cancer MCF-7 cell line [32]. In prostate cancer cells, the ribosomal
protein S6, a downstream target of p70S6K and the Akt/mTOR signaling cascade was identified as
a potential target of palmatine. Selective cytotoxicity of palmatine against prostate cancer cells was
also reported [31]. Palmatine was shown to inhibit growth of pancreatic stellate cells (PSCs) and
cancer cells alone or in combination with gemcitabine [33]. Such inhibition of growth and migration of
pancreatic cancer cells was due to its suppression of glutamine-mediated changes in glioma-associated
oncogene 1 (GL1) signalling, and induction of apoptosis [33]. Palmatine was found to be mainly located
in endoplasmic reticulum and mitochondria of MCE-7 cells [33]. Further photodynamic treatment
demonstrated photocytotoxicity of the naturally occurring photosensitizer palmatine in breast cancer
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MCEF-7 [33] and colon adenocarcinoma HT-29 cells [34], causing significant cell apoptosis and increased
intracellular reactive oxygen species levels. Palmatine has also been found to bind and stabilize
parallel G-quadruplex DNA, indicating that it may be an inhibitor of telomere elongation and oncogene
expression in humans [35]. Recently, palmatine from another traditional Chinese medicine Mahonia
bealei was demonstrated to improve the survival of mice with colorectal cancer via the inhibition of
inflammatory cytokines [36]. In the future work, it is necessary to test if palmatine behaves similar
mechanism of action in ovarian cancer cells as those found in other cancers, and also to investigate its
efficacy and safety in animal models of ovarian cancer.

4. Materials and Methods

4.1. Plant Material and Reagents

The stem bark of R. parviflora was collected in Delta state, Nigeria in February 2014. The plant
was authenticated by A.O. Oziokowith of University of Benin, Nigeria. A voucher specimen
(INTERCEDD/1588) was deposited in the herbarium at the International Centre for Ethnomedicine
and Drug Development (INTERCEDD), Enugu state, Nigeria. Trichloroacetic acid (TCA) was
purchased from Fisher Scientific (Loughborough, United Kingdom) Carboplatin, glacial acetic acid,
N,O-bis(trimethylsily) trifluoroacetamide (BSTFA) with 1% chlorotrimethylsilane (TMCS), palmatine
chloride, pyridine, sulforhodamine B (SRB) sodium salt, Trypsin-EDTA solution, and Trizma base
were purchased from Sigma Aldrich (Gillingham, United Kingdom). Fetal bovine serum (FBS),
penicillin-streptomycin, and RPMI 1640 medium were purchased from Lonza (Visp, Switzerland).

4.2. Extraction of Plant Materials

The plant materials were extracted according to the reported method [37]. The stem bark powder
(1 kg) was macerated in a mixture of dichloromethane and methanol (1:1) for three times. The obtained
residue was further macerated in methanol to yield the methanol extract. Both extracts were combined
and evaporated to yield the total organic extract (7.2 g). Water was then added to the plant residue to
obtain the aqueous extract (1.5 g) after freeze drying. The organic extract of R. parviflora was further
partitioned in water using different organic solvents to obtain the n-hexane fraction (2.0 g), the ethyl
acetate fraction (1.3 g), the n-butanol fraction (0.9 g) and the aqueous fraction (0.5 g).

4.3. Analysis of the Bioactive Fraction of R. parviflora by Gas Chromatography-Mass Spectrometry (GC-MS)

The bioactive fraction (1.0 mg) and isolated compound (2) of R. parviflora was incubated with
10 pl of pyridine and 50 pl of BSTFA (with 1% TMCS) in the oven at 37 °C for 2 h. The resulting
trimethylsilyl (TMSi) derivatives were submitted to GC-MS analysis [16,38,39].

4.4. Liguid Chromatography Mass Spectrometry (LC-MS) Analysis

The isolated compounds were analysed by LC-MS, to determine their molecular mass, and their
retention times compared with purchased standard compounds. The Agilent technologies 1260 Infinity
coupled to 6530 Accurate mass Q-TOF LC-MS system was used (Agilent Technologies, Santa Clara, CA,
USA). The gas temperature was 320 °C, with a dry gas flow rate of 11 L/min. Electrospray ionization
(ESI) was operated at a voltage of 4000 V, an m/z range of 100-2000. The samples were injected at
a volume of 5 pl and the run time was 15 min. The data was analysed by the Agilent mass-hunter
qualitative analysis software.

4.5. NMR Spectroscopy

TH NMR spectra of the isolated compounds in CDClz or CD30D were obtained with a Bruker 1D
(DPX-300) NMR spectrometer for 300 MHz (Bruker, Billerica, MA, USA), and Bruker 1D (DPX-500) for
500 MHz. 3C NMR spectra were obtained at 125 MHz with a Bruker NMR spectrometer. ACD/Labs
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10 Freeware (Advanced Chemistry Development Inc., Toronto, ON, Canada) was used in the Analysis
of the NMR Spectra.

4.6. Purification and Isolation of Bioactive Compounds

The n-butanol fraction was submitted to silica gel column chromatography by eluting with ethyl
acetate/methanol. Sub-fractions were subjected to high performance liquid chromatography (HPLC)
on a semi-preparative column with a mobile phase composition of 0.1% trifluoroacetic acid (TFA) as
solvent A and 80% acetonitrile with 0.1% TFA as solvent B. The gradient began with 100% of A for
5 min and increased to 80% B over 25 min. Then the gradient was increased to 100% B and maintained
for 6 min. Palmatine (10 mg, 1) was obtained as a yellow powder. LC positive ESI-MS, my/z: 352.1548
(Figure S1). 'H NMR (500 MHz, CD30D), 6 9.76 (1H, s, H-8), 8.80 (1H, s, H-13), 8.12 (1H, d, ] = 9.0 Hz,
H-11),8.01 (1H, d,] =9.1 Hz, H-12), 7.67 (1H, s, H-1), 7.05 (1H, s, H-4), 4.92 (2H, t, ] = 6.5 Hz, H-6), 4.21
(3H, s, OCH3), 4.11 (3H, s, OCH3), 3.99 (3H, s, OCH3), 3.94 (3H, s, OCH3), 3.28 (2H, t, ] = 6.4 Hz, H-5).
13C NMR (125 MHz), 6 152.5, 150.5, 149.5, 145.0, 144.4, 138.5, 133.9, 128.7, 126.7, 123.0, 121.9, 119.9,
119.1, 110.8, 108.6, 61.1 (OCH3), 56.3 (OCH3), 55.9 (OCH3), 55.6 (CHy), 55.3 (OCH3), 26.4 (CHy). These
data are consistent with those reported [40,41].

The ethyl acetate fraction (RP-EA) of R. parviflora was also fractionated on silica gel column with a
solvent gradient range of 100% n-hexane to 100% ethyl acetate to yield ten sub-fractions. Sub-fraction
F2 was treated with hot methanol and recrystallized at a temperature of 4 °C to yield a white crystal
(yield: 12.8%), urs-12-ene-24-oic acid, 3-oxo, methyl ester (2), referring as EA2 (Figure 1), by GC-MS
and 'H NMR. EI-MS, m/z (%): 468 [M]* (2), 453 (1), 218.2 (100), 203.2 (15), 189.2 (21), 178.1 (6), 161.1
(10), 135.1 (18), 21.1 (17), 95.1(22), 81.1 (18), 69.1 (20), 43.1 (48). 'H NMR (300 MHz, CDCl3) &: 5.27 (brs),
3.49 (s, 3H, O-CHj3), 1.90-2.32 (m), 0.80-1.70 (m). Its '"H NMR is consistent with those reported [42].

4.7. Cell Culture

The human ovarian cancer cell lines, OVCAR-4, OVCAR-8, A2780, cisplatin-resistant A2780
(A2780cis) were bought from American Type Culture Collection (Manassas, VA, USA), and human
ovarian epithelial (HOE) cells immortalized using SV40 large T antigen (Catalogue number: T1074)
were purchased from Applied Biological Materials Inc. (Richmond, BC, Canada). All cells were
cultured in Roswell Park Memorial Institute (RPMI) 1640 medium supplemented with 10% fetal bovine
serum (FBS), penicillin-streptomycin (50 U/ml) and glutamine (2 mM).

4.8. Cell Growth Assay

The SRB assay was used to evaluate the effects of the plant extracts and pure compounds on the
growth of ovarian cancer and HOE cell lines after treatment of 72 h [16,20,43]. 100 mg/ml concentrations
of the plant extracts were prepared using dimethyl sulfoxide (DMSO) (organic extracts) and media
(aqueous extracts) as stock solutions. 20 mM of purified compounds (1 and 2) and carboplatin were
prepared in DMSO and used in the assay. The 0.1% DMSO in growth media was added to the cells;
referred to as vehicle-treated cells (control). Nine concentrations of the drugs were prepared by using a
two-fold serial dilution. Each well of the 96-well plates were seeded with 80 pl of the ovarian cancer
and HOE cells at a density of 2000 cells/well, except for OVCAR-4 which was plated at a density of
5000 cells/well. After 24 h, 20 pl of plant extracts (1 mg/ml) after further 100-fold dilution of the
stock solution in the medium or pure compounds were added and the cell cultures were kept in the
incubator at 37 °C under 5% CO; for 72 h in a humidified atmosphere. The medium was decanted and
the cells fixed with 10% TCA on ice for 30 min and dried. The dried plates were stained with 0.4% SRB
for 30 min, washed with 1% acetic acid and dried. 100 uL of Tris-base (10 mM) were added to the
plates and shaken for 10 min to solubilise the protein-bound SRB dye. The absorbance at 570 nm was
measured using a multi-mode microplate reader BioTEK Synergy 2 (Winooski, VT, USA). The recorded
data was analysed by non-linear regression using the GraphPad PRISM software (GraphPad Software
v6.0, San Diego, CA, USA) to fit a 4 parameter sigmoidal dose-response curve to determine ICsy values
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and the Hill coefficient. Based on the mean ICsys obtained, the selectivity index (SI) was calculated for
each bioactive compound and carboplatin using the following formula:

ICs9 (HOE cell line)
ICsg (cancer cell line)

SI = 1)

The SI value obtained is an indication of the preferential selectivity in the cytotoxicity of the
compound for cancer cells. A large value suggests that the compound would be more cytotoxic to
cancer cells than HOE cells.

4.9. Caspase 3/7 Activity

Caspase 3/7 activity was measured in cells pre-treated with vehicle (0.1% DMSO in growth
medium), carboplatin, palmatine (1) and urs-12-ene-24-oic acid, 3-oxo, methyl ester (2) by use of the
caspase 3/7 Glo-reagent obtained from Promega (Southampton, UK). For the determination of caspase
3/7 activity, OVCAR-4 cells were seeded in 96-well plates at a density of 5000 cells/well, and exposed to
the compounds at different concentrations for 48 h. Then 25 pl of caspase 3/7 Glo-reagent was carefully
added to the cells in the dark. The foiled plates were placed on a rocker for 30 min before measurement
of luminescence.

4.10. Western Blotting

The measurement of PARP cleavage was carried out as described previously [20]. Briefly, six-wells
plates seeded with OVCAR-4 cells at a density of 300,000/well and treated with 0.1% DMSO vehicle,
10 uM or 20 uM of palmatine or 40 pM of carboplatin for 48 h. The cells were collected, trypsinized,
washed with cold phosphate buffered saline (PBS) and lysed with radioimmunoprecipitation assay
(RIPA) buffer consisting of 20 mM Hepes, 150 mM NaCl, 2 mM EDTA, 0.05 mM pepstatin, 0.12 mM
leupeptin, 1 mM phenylmethylsulfonyl fluoride, 0.5% sodium deoxycholate and 1% NP40.

The protein concentrations were evaluated by the bicinchoninic acid (BCA) Assay. About
10 pg protein of each cell lysate sample was carefully added to NuPAGE sample buffer made up
with 5% B-mercaptoethanol, before electrophoresis using sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE), for 15 min at a temperature of 70 °C to denature the proteins.
The denatured proteins were added to a 4-20% Tris-Glycine polyacrylamide gradient gel to separate
the proteins from the cell lysates using 100 mM Hepes, 100 mM Tris and SDS (1%) as running buffer.

The separated proteins were transferred to Amersham Hybond P (GE Healthcare Life Sciences,
Buckinghamshire, UK) 0.45 um polyvinylidene difluoride membrane and incubated in transfer
buffer with a composition of 200 mM glycine, 25 mM Tris, 10% methanol and 0.075% SDS for 1.5 h.
The membrane was again incubated in Tris buffered saline with tween (TBST, 150 mM NacCl, 0.1%
Tween 20, 50 mM Tris hydrochloride, and 5% skimmed milk powder, pH 7.4) for 1.5 h on a rocker
at room temperature to achieve blocking of the membranes. The membrane was subsequently
incubated overnight at 4 °C in the buffer with primary antibody against poly-ADP-ribose polymerase
(Catalogue number: 9542, Cell Signaling Technology Inc., London, UK) (1:1000) and antibody
against glyceraldehde-3-phosphate dehydrogenase (GAPDH) (Catalogue number: MAB374, Millipore,
Watford, UK) (1:5000). The membrane was washed several times with TBST, before incubation in the
buffer with IgG secondary antibody conjugated with horseradish peroxidase (HRP) (Catalogue number:
7074, Cell Signaling Technology Inc.) (1:2000) for 1 h at room temperature on a rocker. Following several
washes in TBST, the membrane was analyzed on a FluorChem M Imager (ProteinSimple, San Jose, CA,
USA), for the visualization of the protein bands using the UptiLight HRP chemiluminescent substrate
according to the manufacturer’s instructions (Uptima, San Jose, CA, USA).
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4.11. Flow Cytometry

Flow cytometry analysis of annexin V/PI labelled treated cells were carried out as described as
before [20,21]. Briefly, OVCAR-4 cells were seeded into 12-well plates and exposed to the treatment
compounds at the indicated concentrations, followed by annexin V labelling of the cells using an
annexin V-FITC kit procured from Miltenyi biotech (Bergisch Gladbach, Germany).

4.12. Statistical Analysis

The cytotoxicity, caspase activity and flow cytometry results were presented as mean values +
standard error of means (SEM). Statistical analysis was performed using one-way analysis of variance
(ANOVA) and GraphPad Prism software v6.0 for the determination of statistical significance of
difference between means. p < 0.05 were considered statistically significant.

5. Conclusions

In conclusion, this is the first report of the cytotoxic activities of R. parviflora, a medicinal plant,
from folk medicine in Nigeria. Palmatine was isolated and identified from this unexplored plant, which
provides a new source of palmatine. This study has also shown that palmatine possesses cytotoxicity,
with apoptosis as the route of cell killing. Therefore, palmatine is a potential lead compound for the
development of treatment of ovarian cancer, and merits further investigation.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6651/11/4/237/s1,
Figure S1: LC-MS chromatogram and MS of palmatine isolated from Rutidea parviflora. Figure S2: The effects of
palmatine (20 uM) on cell morphology of OVCAR-4 cells monitored by light microscope for 48-72h.

Author Contributions: O.R.J.-A. collected the plant materials and performed the experimental work. O.R.J.-A.
and W.-W.L. analyzed and interpreted the experimental data. All authors contributed to write the article.

Funding: This work was supported by Nigerian ETF (A PhD studentship to O.RJ.-A.).
Acknowledgments: We thank Falko Drijfhout, John Clews and Tim Claridge for LC-MS or NMR measurements.

Conflicts of Interest: All authors have no conflict of interest to disclose.

References

1.  Torre, L.A.; Trabert, B.; DeSantis, C.E.; Miller, K.D.; Samimi, G.; Runowicz, C.D.; Gaudet, M.M.; Jemal, A.;
Siegel, R.L. Ovarian cancer statistics, 2018. CA Cancer ]. Clin. 2018, 68, 284-296. [CrossRef] [PubMed]

2. Ovarian Cancer Statistics. Available online: https://www.cancerresearchuk.org/health-professional/cancer-
statistics/statistics-by-cancer-type/ovarian-cancer (accessed on 23 April 2019).

3. Domcke, S.; Sinha, R.; Levine, D.A.; Sander, C.; Schultz, N. Evaluating cell lines as tumour models by
comparison of genomic profiles. Nat. Commun. 2013, 4, 2126. [CrossRef] [PubMed]

4. Jelovac, D.; Armstrong, D.K. Recent progress in the diagnosis and treatment of ovarian cancer. CA Cancer J.
Clin. 2011, 61, 183-203.

5. Bowtell, D.D.; Bohm, S.; Ahmed, A.A.; Aspuria, PJ.; Bast, R.C., Jr.; Beral, V.; Berek, ].S.; Birrer, M.].; Blagden, S.;
Bookman, M.A.; et al. Rethinking ovarian cancer II: Reducing mortality from high-grade serous ovarian
cancer. Nat. Rev. Cancer 2015, 15, 668—679. [CrossRef]

6. Petty, R.; Evans, A.; Duncan, I.; Kurbacher, C.; Cree, I. Drug resistance in ovarian cancer—The role of p53.
Pathol. Oncol. Res. 1998, 4, 97-102. [CrossRef]

7. Vasey, P.A. Resistance to chemotherapy in advanced ovarian cancer: mechanisms and current strategies. Br.
J. Cancer 2003, 89, S23-28. [CrossRef]

8.  Binju, M,; Padilla, M.A.; Singomat, T.; Kaur, P.; Suryo Rahmanto, Y.; Cohen, P.A.; Yu, Y. Mechanisms
underlying acquired platinum resistance in high grade serous ovarian cancer—A mini review. Biochim.
Biophys. Acta Gen. Subj. 2019, 1863, 371-378. [CrossRef]

9. Franzese, E.; Centonze, S.; Diana, A.; Carlino, F; Guerrera, L.P; Di Napoli, M.; De Vita, E; Pignata, S.;
Ciardiello, F.; Orditura, M. PARP inhibitors in ovarian cancer. Cancer Treat. Rev. 2019, 73, 1-9. [CrossRef]
[PubMed]


http://www.mdpi.com/2072-6651/11/4/237/s1
http://dx.doi.org/10.3322/caac.21456
http://www.ncbi.nlm.nih.gov/pubmed/29809280
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/ovarian-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/ovarian-cancer
http://dx.doi.org/10.1038/ncomms3126
http://www.ncbi.nlm.nih.gov/pubmed/23839242
http://dx.doi.org/10.1038/nrc4019
http://dx.doi.org/10.1007/BF02904701
http://dx.doi.org/10.1038/sj.bjc.6601497
http://dx.doi.org/10.1016/j.bbagen.2018.11.005
http://dx.doi.org/10.1016/j.ctrv.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/30543930

Toxins 2019, 11, 237 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sowemimo, A.; Van de Venter, M.; Baatjies, L.; Koekemoer, T. Cytotoxicity of some Nigerian plants used in
traditional cancer treatment. Planta Med. 2010, 76, 1224-1225. [CrossRef]

Tariq, A.; Sadia, S.; Pan, K.; Ullah, I.; Mussarat, S.; Sun, E; Abiodun, O.O.; Batbaatar, A.; Li, Z.; Song, D.; et al.
A systematic review on ethnomedicines of anti-cancer plants. Phytother. Res. 2017, 31, 202-264. [CrossRef]
Salehi, B.; Zucca, P; Sharifi-Rad, M.; Pezzani, R.; Rajabi, S.; Setzer, W.N.; Varoni, E.M.; Iriti, M.; Kobarfard, E;
Sharifi-Rad, J. Phytotherapeutics in cancer invasion and metastasis. Phytother. Res. 2018, 32, 1425-1449.
[CrossRef] [PubMed]

Li, WW.; Johnson-Ajinwo, O.R.; Uche, FI. Potential of phytochemicals and their derivatives in the treatment
of ovarian cancer. In Handbook on Ovarian Cancer: Risk Factors, Therapies and Prognosis; Collier, B.C., Ed.;
Nova Science publishers: Hauppauge, NY, USA, 2015.

Newman, D.J.; Cragg, G.M. Natural Products as Sources of New Drugs from 1981 to 2014. ]. Nat. Prod. 2016,
79, 629-661. [CrossRef]

Uche, EI; Li, WW.; Richardson, A.; Greenhough, T.]. Anticancer activities of cyclotides from Viola yedeonsis
Makino (Violaceae). Planta Med. 2014, 80, 818. [CrossRef]

Johnson-Ajinwo, O.R.; Richardson, A.; Li, W.W. Cytotoxic effects of stem bark extracts and pure compounds
from Margaritaria discoidea on human ovarian cancer cell lines. Phytomedicine 2015, 22, 1-4. [CrossRef]
[PubMed]

Johnson-Ajinwo, O.R.; Richardson, A.; Li, W.W. Identification and evaluation of anticancer compounds from
three Nigerian plants used in traditional medicines. Biochem. Pharmacol. 2017, 139, 128. [CrossRef]

Uche, E; Li, W.W.; Richardson, A.; Greenhough, T.]. Anti-ovarian cancer activities of alkaloids from Triclisia
subcordata olive (Menispermecaea). Planta Med. 2014, 80, 813. [CrossRef]

Uche, EL; Drijfhout, F; McCullagh, J.; Richardson, A.; Li, W.W. Cytotoxicity effects and apoptosis induction
by cycleanine and tetrandrine. Planta Med. 2016, 82. [CrossRef]

Uche, FL; Drijthout, EP.; McCullagh, J.; Richardson, A.; Li, W.W. Cytotoxicity Effects and Apoptosis Induction
by Bisbenzylisoquinoline Alkaloids from Triclisia subcordata. Phytother. Res. 2016, 30, 1533-1539. [CrossRef]
Uche, E1L; Abed, M.; Abdullah, M.I; Drijthout, EP; McCullagh, J.; Claridge, T.W.D.; Richardson, A.; Li, WW.
Isolation, identification and anti-cancer activity of minor alkaloids from Triclisia subcordata Oliv. Biochem.
Pharmacol. 2017, 139, 112. [CrossRef]

Uche, EI; Abed, M.N.; Abdullah, M.1; Drijthout, EP.; McCullagh, J.; Claridge, TW.D.; Richardson, A.;
Li, WW. Isochondodendrine and 2 "-norcocsuline: additional alkaloids from Triclisia subcordata induce
cytotoxicity and apoptosis in ovarian cancer cell lines. Rsc Adv. 2017, 7, 44154-44161. [CrossRef]

Uche, EI; McCullagh, J.; Claridge, TW.D.; Richardson, A.; Li, W.W. Synthesis of (aminoalkyl)cycleanine
analogues: Cytotoxicity, cellular uptake, and apoptosis induction in ovarian cancer cells. Bioorg. Med. Chem.
Lett. 2018, 28, 1652-1656. [CrossRef]

Johnson-Ajinwo, O.R.; Ullah, I.; Mbye, H.; Richardson, A.; Horrocks, P.; Li, W.W. The synthesis and evaluation
of thymoquinone analogues as anti-ovarian cancer and antimalarial agents. Bioorg. Med. Chem. Lett. 2018,
28,1219-1222. [CrossRef]

Burkill, H.M. The useful plants of west tropical Africa; Royal Botanic Gardens: London, UK, 1985.

Thanga Krishna Kumari, S.; Muthukumarasamy, S.; Mohan, V.R. GC-MS determination of bioactive
components of Canscora perfoliata Lam. (Gentianaceae). J. Appl. Pharmal. Sci. 2012, 2, 210-214.

Whitacre, C.M.; Zborowska, E.; Willson, J.K.; Berger, N.A. Detection of poly(ADP-ribose) polymerase
cleavage in response to treatment with topoisomerase I inhibitors: A potential surrogate end point to assess
treatment effectiveness. Clin. Cancer Res. 1999, 5, 665-672.

Trucco, C.; Oliver, FJ.; de Murcia, G.; Menissier-de Murcia, J. DNA repair defect in poly(ADP-ribose)
polymerase-deficient cell lines. Nucleic Acids Res. 1998, 26, 2644-2649. [CrossRef]

D’Amours, D.; Germain, M.; Orth, K.; Dixit, V.M.; Poirier, G.G. Proteolysis of poly(ADP-ribose) polymerase
by caspase 3: kinetics of cleavage of mono(ADP-ribosyl)ated and DNA-bound substrates. Radiat. Res. 1998,
150, 3-10. [CrossRef]

Ding, PL.; Chen, L.Q.; Lu, Y.; Li, Y.G. Determination of protoberberine alkaloids in Rhizoma Coptidis by
ERETIC (1)H NMR method. J. Pharm. Biomed. Anal. 2012, 60, 44-50. [CrossRef]

Hambright, H.G.; Batth, 1.S.; Xie, J.; Ghosh, R.; Kumar, A.P. Palmatine inhibits growth and invasion in
prostate cancer cell: Potential role for rpS6/NFkappaB/FLIP. Mol. Carcinog. 2015, 54, 1227-1234. [CrossRef]


http://dx.doi.org/10.1055/s-0030-1264426
http://dx.doi.org/10.1002/ptr.5751
http://dx.doi.org/10.1002/ptr.6087
http://www.ncbi.nlm.nih.gov/pubmed/29672977
http://dx.doi.org/10.1021/acs.jnatprod.5b01055
http://dx.doi.org/10.1055/s-0034-1382606
http://dx.doi.org/10.1016/j.phymed.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/25636863
http://dx.doi.org/10.1016/j.bcp.2017.06.012
http://dx.doi.org/10.1055/s-0034-1382585
http://dx.doi.org/10.1055/s-0036-1596584
http://dx.doi.org/10.1002/ptr.5660
http://dx.doi.org/10.1016/j.bcp.2017.06.074
http://dx.doi.org/10.1039/C7RA08032H
http://dx.doi.org/10.1016/j.bmcl.2018.03.038
http://dx.doi.org/10.1016/j.bmcl.2018.02.051
http://dx.doi.org/10.1093/nar/26.11.2644
http://dx.doi.org/10.2307/3579638
http://dx.doi.org/10.1016/j.jpba.2011.10.030
http://dx.doi.org/10.1002/mc.22192

Toxins 2019, 11, 237 11 of 11

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wu, J.; Xiao, Q.; Zhang, N.; Xue, C.; Leung, A.W.; Zhang, H.; Tang, Q.J.; Xu, C. Palmatine hydrochloride
mediated photodynamic inactivation of breast cancer MCF-7 cells: Effectiveness and mechanism of action.
Photodiagnosis Photodyn. Ther. 2016, 15, 133-138. [CrossRef]

Chakravarthy, D.; Munoz, A.R.; Su, A.; Hwang, R.F; Keppler, B.R.; Chan, D.E.; Halff, G.; Ghosh, R,;
Kumar, A.P. Palmatine suppresses glutamine-mediated interaction between pancreatic cancer and stellate
cells through simultaneous inhibition of survivin and COL1A1. Cancer Lett. 2018, 419, 103-115. [CrossRef]
Wu, J; Xiao, Q.; Zhang, N.; Xue, C.; Leung, A.W.; Zhang, H.; Xu, C.; Tang, Q.J. Photodynamic action of
palmatine hydrochloride on colon adenocarcinoma HT-29 cells. Photodiagnosis Photodyn. Ther. 2016, 15,
53-58. [CrossRef] [PubMed]

Padmapriya, K.; Barthwal, R. Structural and biophysical insight into dual site binding of the protoberberine
alkaloid palmatine to parallel G-quadruplex DNA using NMR, fluorescence and Circular Dichroism
spectroscopy. Biochimie 2018, 147, 153-169. [CrossRef] [PubMed]

Ma, WK.; Li, H.; Dong, C.L.; He, X.; Guo, C.R; Zhang, C.E; Yu, C.H.; Wang, C.Z.; Yuan, C.S. Palmatine from
Mahonia bealei attenuates gut tumorigenesis in ApcMin/+ mice via inhibition of inflammatory cytokines.
Mol. Med. Rep. 2016, 14, 491-498. [CrossRef] [PubMed]

McCloud, T.G. High throughput extraction of plant, marine and fungal specimens for preservation of
biologically active molecules. Molecules 2010, 15, 4526-4563. [CrossRef]

Li, WW.; Barz, W. Structure and accumulation of phenolics in elicited Echinacea purpurea cell cultures.
Planta Med. 2006, 72, 248-254. [CrossRef] [PubMed]

Li, WW.,; Barz, W. Biotechnological production of two new 8,4"-oxynorneolignans by elicitation of Echinacea
purpurea cell cultures. Tetrahedron Lett. 2005, 46, 2973-2977. [CrossRef]

Zhou, S.Q.; Tong, R.B. A General, Concise Strategy that Enables Collective Total Syntheses of over 50
Protoberberine and Five Aporhoeadane Alkaloids within Four to Eight Steps. Chem.-Eur. ]. 2016, 22,
7084-7089. [CrossRef] [PubMed]

Yuan, L.T.; Kao, C.L.; Huang, S.C.; Chen, C.T; Li, H.T.; Chen, C.Y. Secondary Metabolites from the Stems of
Mahonia oiwakensis. Chem. Nat. Compd. 2017, 53, 997-998. [CrossRef]

Shah, B.A.; Kumar, A.; Gupta, P.; Sharma, M.; Sethi, V.K,; Saxena, A K.; Singh, J.; Qazi, G.N.; Taneja, S.C.
Cytotoxic and apoptotic activities of novel amino analogues of boswellic acids. Bioorg. Med. Chem. Lett.
2007, 17, 6411-6416. [CrossRef]

Vichai, V.; Kirtikara, K. Sulforhodamine B colorimetric assay for cytotoxicity screening. Nat. Protoc. 2006, 1,
1112-1116. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.pdpdt.2016.07.006
http://dx.doi.org/10.1016/j.canlet.2018.01.057
http://dx.doi.org/10.1016/j.pdpdt.2016.05.005
http://www.ncbi.nlm.nih.gov/pubmed/27181460
http://dx.doi.org/10.1016/j.biochi.2018.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29458089
http://dx.doi.org/10.3892/mmr.2016.5285
http://www.ncbi.nlm.nih.gov/pubmed/27175745
http://dx.doi.org/10.3390/molecules15074526
http://dx.doi.org/10.1055/s-2005-873201
http://www.ncbi.nlm.nih.gov/pubmed/16534730
http://dx.doi.org/10.1016/j.tetlet.2005.03.036
http://dx.doi.org/10.1002/chem.201601245
http://www.ncbi.nlm.nih.gov/pubmed/26990887
http://dx.doi.org/10.1007/s10600-017-2183-0
http://dx.doi.org/10.1016/j.bmcl.2007.10.011
http://dx.doi.org/10.1038/nprot.2006.179
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Bioassay-Guided Isolation and Identification of Palmatine 
	Apoptosis Studies 
	Caspase 3/7 Activity and Western Blotting Analysis 
	Flow Cytometric Analysis 


	Discussion 
	Materials and Methods 
	Plant Material and Reagents 
	Extraction of Plant Materials 
	Analysis of the Bioactive Fraction of R. parviflora by Gas Chromatography–Mass Spectrometry (GC–MS) 
	Liquid Chromatography Mass Spectrometry (LC-MS) Analysis 
	NMR Spectroscopy 
	Purification and Isolation of Bioactive Compounds 
	Cell Culture 
	Cell Growth Assay 
	Caspase 3/7 Activity 
	Western Blotting 
	Flow Cytometry 
	Statistical Analysis 

	Conclusions 
	References

