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Abstract

Oleanane triterpenes from Camellia japonica inhibit growth of breast

cancer cell lines via PTP1B inhibition

Uddin Mohammad Nasir

Advisor: Prof. Choi Hong Seok, Ph.D.
Co-Advisor: Prof. Oh Won Keun, Ph.D.
College of Pharmacy,

Graduate School of Chosun University

The significant morbidity of advanced breast cancer has been only somewhat impacted
by current treatment modalities including chemotherapy, radiotherapy and surgery. Therefore,
development of novel therapeutic approaches would be of interest in combating this disease.
Recent studies on PTP1B and breast tumorigenesis suggest that selective PTP1B inhibition
might play an important role in breast cancer treatment. Interestingly, plant triterpenes, which
have already been appreciated as strong PTP1B inhibitors, also showed therapeutic potential in
breast cancer. Therefore, as part of research on triterpenes, six new (1-6) along with eight
known (7-14) oleanane-type triterpenes were isolated from the EtOAc extract of the fruit peels
of Camellia japonica L. (Theaceae). The chemical structures of new compounds were
elucidated by physicochemical and spectroscopic (IR, 1D, 2D-NMR, and MS) data analysis as
3,16-dioxo-olean-12(13),17(18)-diene (1), 3P,16a,17-trihydroxy-olean-12-ene (2), 4,28,29-

trihydroxy-16-0xo0-3,4-seco-olean-12-ene-3-oic acid methyl ester (Camelliaolean A) (3),
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4,7B,17-trinydroxy-16-0x0-3,4-seco-olean-12-ene-3-oic acid methyl ester (Camelliaolean B)
(4), 7pB,17,29-trihydroxy-16-oxo0-3,4-seco-olean-4(23),12(13)-diene-3-oic acid methyl ester
(Camelliaolean C) (5), and 17,29-dihydroxy-16-0x0-3,4-seco-olean-4(23),12(13)-diene-3-oic
acid (Camelliaolean D) (6). All the isolates were evaluated for their inhibitory effects on
PTP1B enzyme, as well as their growth inhibition on MCF7, adriamycin-resistant MCF7
(MCF7/ADR) and MDA-MB-231 breast cancer cell lines. Compounds 2, 8, 10, 11, and 13
with C-3 hydroxy group or/and C-28 carboxy group showed strong PTP1B inhibitory activity
(ICsp values ranging from 3.77 £ 0.11 to 6.40 £ 0.81 uM) as well as significant cytotoxicity
(ICs values ranging from 0.51 + 0.05 to 9.32 + 0.62 uM) while attachment of ketone group at
C-3 position reduced both type effects in 1, and 5. These results suggested that, oleanane
triterpenes from C. japonica as PTP1B inhibitors could be considered as new anticancer

materials for breast cancer treatment.

Xiii



1. Introduction

1.1. Breast cancer

Despite advances in treatment, breast cancer remains one of the leading causes of

cancer death among women worldwide, with an estimated 1 million new cases per year.!
According to the American cancer society, about 232,340 new cases and 39,620 deaths are
estimated to occur in 2013 in women in the United States alone.” In the United States, a woman
will die from breast cancer every 13 min and over 1 million women have died from this disease
since 1970. Surprisingly, the incidence of male breast cancer is also on the rise.® In 2013, about
2,240 new cases of breast cancer and 410 deaths are estimated to occur among men in the
United States.?

Breast cancer is influenced by several hormones, specifically estrogen and
progesterone which are well known to be involved in mammary tumorigenesis.*
Approximately 75-80% of breast cancers are positive for estrogen receptor [ER] or
progesterone receptor [PgR] whereas 15-20% are positive for HER2/neu receptor.” The
remaining 10-15% of breast cancer is in a so-called receptor-negative or triple-negative
category, as defined by absent expression of these three proteins.

Estrogen is produced in ovaries in case of premenopausal women while in adipose
tissue and adrenal glands in case of postmenopausal women. The enzyme aromatase plays a
critical role in the production of estrogen in postmenopausal women. At present, to treat
estrogen receptor (ER)-positive breast cancers, several selective estrogen receptor modulators
(SERM) have been developed, among which, tamoxifen is being considered as first line
treatment choice.® Tamoxifen inhibits the growth of breast tumors by competitive antagonism

of estrogen at its receptor site (Fig. 1). Its actions are complex, however, and it also has partial



estrogen agonist effects. These partial agonist effects can be beneficial, since they may help
prevention of bone demineralization in postmenopausal women,’ but also detrimental, as they
are associated with increased risks of endometrial cancer® and thromboembolism.? In addition,
they may play a part in the development of tamoxifen resistance.’’ In contrast, aromatase
inhibitors (e.g. letrozole, anastrozole) markedly suppress plasma estrogen levels in
postmenopausal women by inhibiting or inactivating aromatase, the enzyme responsible for the
synthesis of estrogens from androgenic substrates (specifically, the synthesis of estrone from
the preferred substrate androstenedione and estradiol from testosterone) (Fig. 1). Unlike
tamoxifen, aromatase inhibitors have no partial agonist activity.

Androstenedione Testosterone

I Peripheral tissues (subcutaneous

fat, liver, muscle, or brain)

Aromatase

Aromatase €<—— . | ... ——> Aromatase
inhibitors

¥

Estrone

Estradiol

iy,

Breast-cancer cell

— Estrogen receptor

Fig. 1. Mechanism of action of tamoxifen and aromatase inhibitors
Women with breast cancer that overexpresses human epidermal growth factor receptor
type 2 (HER2, also referred to as HER2/neu) are at greater risk for disease progression and

death than women whose tumors do not overexpress HER2.!! Therapeutic strategies have been



developed to block HER2 signaling pathways in order to improve the treatment of this cancer.
Trastuzumab, a recombinant, humanized, monoclonal antibody that binds to the extracellular
domain of the HER2 protein, is being used in HER2/neu-positive breast cancers.> However,
trastuzumab has potential concern of severe cardiac dysfunction."® Therefore, as a alternatives,
lapatinib has been developed and found to be effective in delaying disease progression in
women with HER2-positive advanced breast cancers that have become resistant to
trastuzumab.™ In addition to these drug therapies, the treatment of breast cancer may also
involve surgery (mastectomy, breast conserving surgery) and radiation therapy depending on
the tumor size, extent of spread and other characteristics, as well as patient preference.
Unfortunately, the significant morbidity of breast cancer has been only somewhat
impacted by current treatment modalities including surgery, radiotherapy, and adjuvant
chemotherapy and/or hormone therapies.> *® There is still no effective cure for the vast
majority of patients with advanced stages of the disease.’” Hence, there is a critical and urgent
need for developing agents that will be effective in decreasing the incidence of breast cancer in

high risk women.

1.2. PTP1B

Reversible protein tyrosine phosphorylation catalyzed by the coordinated actions of
protein tyrosine kinases (PTKs) and phosphatases (PTPs) is of paramount importance to the
regulation of the signaling events that underlie such fundamental processes as growth and
proliferation, differentiation and survival or apoptosis, as well as adhesion and motility."®
Protein tyrosine phosphatase 1B (PTP1B) is the prototype for the superfamily of PTPs and has
been the most extensively studied within the group. This enzyme, named from a pool of PTP

activity resolved by ion-exchange chromatography, was originally purified from human



placenta as a 37 kDa catalytic domain.'® Recently, it has come into focus as an important
regulator of various signaling pathways involved in human diseases such as diabetes, obesity,

and cancer.?®

Thr 177 - Pro185
(WPD Loop)

Val287 - Ser295
(Alpha-7 Helix)

Glu186 - Glu200
(Alpha-3 Helix)

Ser201 - Gly209 % Ve 2 /) pTyr

His214 - Arg221

Ala264 - 11281 (Active Site)

(Alpha-6 Helix)

Fig. 2. Structural features of PTP1B as a ribbon diagram

PTP1B is located on the cytoplasmic face of the endoplasmic reticulum. The full
length of PTP1B comprises 435 amino acids constituting the major cellular form, however,
only a shorter length of 298 or 321 residues is typically considered for biochemical studies. As
shown in Fig. 2, the active site of PTP1B consists of residues His214-Arg221 and loops WPD
(Thr177-Pro185) and R (Vall113-Ser118), which act as a gate upon ligand or substrate binding.
Other important structural parts of PTP1B are S loop (Ser201-Gly209), a3-helix (Glul186-
Gl1u200), ab-helix (Ala264-11e281), and a7-helix (Val287-Ser295) that take part in catalysis.
Crystallographic studies have shown that PTP1B exists in two forms, open and closed, i.e.,
unliganded and liganded PTP1B, respectively. The active site residues are accessible to
substrate/ligand in the open form, but upon binding, conformational changes take place in the
WPD, R, and S loops resulting in the closed form of the PTP1B.*" #? Closing of the WPD loop

over substrate is an important event as it brings Asp181 into a favorable position relative to



ester oxygen of phosphotyrosine (pTyr). It enables Asp181 to act as a general acid and base
catalyst in the two step process of dephosphorylation.?* 2

Mounting evidence from biochemical, genetic and pharmacological studies support a
role for PTP1B as a negative regulator in multiple signaling pathways (Fig. 3), through the
dephosphorylation of a variety of growth factor receptors, including the EGFR, PDGFR, IR,
and IGF-IR, as well as cytosolic tyrosine kinases such as Src, p210Bcr-Abl, JAK2, TYK2, and

STATS, associating PTP1B with oncogenic, metabolic, and cytokine signaling.”®

(= Oncogenic Signaling @ Metabolic Signaling (=) Cytokine Signaling

EGFR PDGFR IGF-IR Leptin R GHR IFNgamma IFNalpha

=k 4% I

JAK2
(> p210ber-abl @‘ STATS
STATS
| |

TYK2

% SA ant L PTP1B ‘ Ig Proline rich domains:
rc 4 Ras Signaling |
- ER actethoato,

ER targeting

Fig. 3. PTP1B as a negative regulator of multiple signaling pathways
PTP1B has long been known to play a major role in inhibiting signaling from the
insulin and leptin receptors. In the case of insulin signaling, PTP1B can associate with and
dephosphorylate activated insulin receptor (IR) or insulin receptor substrates (IRS).?
Overexpression of PTP1B in cell cultures decreases insulin-stimulated phosphorylation of IR
and/or IRS-1, whereas reduction in the level of PTP1B, by antisense oligonucleotides or
neutralizing antibodies, augments insulin-initiated signaling.”” ? PTP1B knockout mice

display enhanced sensitivity to insulin, with increased or prolonged tyrosine phosphorylation of



IR in muscle and liver.”® Interestingly, PTP1B knockout mice appears healthy, shows increased
insulin sensitivity and enhanced glucose tolerance, and is resistant to weight gain on a high-fat
diet. In the leptin pathway, PTP1B was subsequently shown to bind and dephosphorylate JAK2
(Janus kinase 2), which is downstream of leptin receptor.®® Thus, the resistance to diet-induced
obesity observed in PTP1B” mice is likely to be associated with increased energy expenditure
owing to enhanced leptin sensitivity. Recent tissue-specific knockout results indicate that body
weight, adiposity and leptin action can be regulated by neuronal PTP1B.** However, hints that
PTP1B might also play a positive signaling role in cell proliferation began to emerge a few
years ago, with the finding by a number of groups that PTP1B dephosphorylates the inhibitory
Y529 site in Src, thereby activating this kinase.** Other PTP1B substrates might also
contributes to pro-growth effects. Indeed, the idea that PTP1B can serve as a signaling
stimulant in some cases received key confirmation in two landmark papers that showed PTP1B
plays a positive role in a mouse model of ErbB2-induced breast cancer.®* 3 Collectively, these
studies provide strong proof-of-concept, validating the notion that inhibition of PTP1B could

attract particular attention as a potential therapeutic target in obesity, diabetes, and now, cancer.

1.3. PTP1B role in breast cancer

Beyond the metabolic functions, recently, PTP1B has received renewed attention as an
unexpected positive factor in ErbB2 induced breast tumorigenesis.*> However, about 15-20%
of human breast cancers display amplified and over-expressed ErbB2 (HER2, Neu), which is a
receptor tyrosine kinase. ErbB2 overexpression is an adverse prognostic feature in early-stage
breast cancer, associated with high tumor grade, increased tumor size, and increased nodal

metastases.*®



Tyrosyl phosphorylation is a reversible reaction, which is governed not only by PTKSs,
such as ErbB2, but also by PTPs. PTPs comprise a large super family and yet now little is
known about the roles of specific PTPs in the normal mammary gland or in breast
carcinogenesis. The PTPN1 gene, encoding PTP1B, is located within 20913, a region
frequently amplified in ovarian and breast cancers and usually associated with a poor
prognosis.®’” Previous immunocytochemical studies showed that PTP1B is overexpressed in a
significant subset (72%) of human breast® and ovarian® tumors and noted a correlation
between PTP1B and HER2/Neu overexpression.®® Furthermore, PTP1B expression reportedly
is elevated in HER2/Neu-transformed human breast epithelial cells and tumors derived from
such cells.*> When transgenic mice over-expressing an activated form of ErbB2 (Neu) were
crossed with a PTP1B knockout mice, the onset of ErbB2 (Neu)-driven breast cancer was
delayed significantly in the absence of PTP1B, whereas transgenic PTP1B over-expression was
sufficient to induce breast tumors in the absence of exogenous ErbB2.** Thus, PTP1B
inhibitors may not only be useful in treatment of diabetes, obesity and metabolic syndrome, but

ultimately offer a new treatment for breast cancer.

1.4. Plant triterpenoids

Triterpenoids are metabolites of isopentenyl pyrophosphate oligomers and represent
the largest group of phytochemicals. It has been estimated that more than 20,000 triterpenoids
exist in nature.** They predominantly are found in various plants including sea-weeds as well
as in wax-like coatings of various fruits and medicinal herbs, including apples, cranberries,
figs, olives, mistletoe, lavender, oregano, rosemary and thyme. Triterpenoids are
biosynthesized in plants by the cyclization of squalene, a triterpene hydrocarbon and precursor

of all steroids.”? They can further be sub-classified into diverse groups including oleananes,



cucurbitanes, cycloartanes, dammaranes, euphanes, friedelanes, holostanes, hopanes,
isomalabaricanes, lanostanes, limonoids, lupanes, protostanes, sgalenes, tirucallanes, ursanes
and miscellaneous compounds.*® Although triterpenoids were considered to be biologically
inactive for a long period of time, accumulating evidence on their broad spectrum
pharmacological activities coupled with a low toxicity profile has sparked renewed interest
with regard to human health and disease. Triterpenoids are used for medicinal purposes in
many Asian countries for antiinflammatory, analgesic, antipyretic, hepatoprotective,
cardiotonic, sedative and tonic effects.* Recent studies have not only confirmed some of the
aforementioned pharmacological properties of several triterpenoids, but also identified a
variety of additional biological activities including anticarcinogenic activity.* An increasing
number of triterpenoids have been reported to exhibit cytotoxicity against a variety of cancer
cells without manifesting any toxicity in normal cells.*® They also demonstrate antitumor

efficacy in preclinical animal models of cancer.*®

1.5. Triterpenoids and breast cancer

Breast cancer remains a major cause of death all over the world. There is still no
effective cure for the vast majority of patients with advanced stages of breast cancer. These
necessitate the search for novel preventive and therapeutic approaches. However, triterpenes
from plants have long been studied in breast cancer and other types of cancer as well.*> Among
triterpenes, oleananes, cucurbitanes, ursanes and lupanes (Fig. 4) as well as other types of
triterpenes have been reported to possess therapeutic potential in breast cancer treatment.

In 1999, three new oleanane-type triterpenes, namely remangilones A, B and C, were
isolated from the dried leaves of Physena madagascariensis. Remangilones A and C have been

found to be cytotoxic against MBA-MD-231 and MDAMB-435 cells.*” Oleanolic acid, a well-



known triterpenes isolated from Glossogyne tenuifolia, has been reported to possess
cytotoxicity against MCF-7 and MDA-MB-231 cells.”® Furthermore, camellenodiol,
camelledionol and other oleananes from Camellia japonica have been also reported to possess
cytotoxicity against MCF7 cell lines.*

Ursolic acid, an ursane-type pentacyclic triterpenes have been acted as a potent
inhibitor of MCF7 cell proliferation, exerting an early cytostatic response at G; phase of cell
cycle followed by cell death.” Neto et al.>® have isolated ursolic acid, promolic acid and
related compounds from the bark and stem extract of Polylepis racemosa and all these natural
products elicited cytotoxicity in MCF7 cell lines. Furthermore, bioactivity guided fractionation
of the cranberry fruit has led to the identification of ursolic acid and novel ursolic acid esters
with antitumor activities against MCF7 cells.™

A lupane type triterpene, betulinic acid has been isolated from the bark extract of
Syncarpia glomulifera has shown antiproliferative activities toward MDA-MB-231 cells.*
Betulinic acid also exhibited a remarkable cytotoxic effect against T47D cells with a
simultaneous induction of apoptosis, decrease of Bcl-2 and cyclin D1 and increase of Bax gene
expression. Moreover, in a recent study, betulin, which is also a lupine, has been found to
inhibit the proliferation of T47D breast carcinoma cells.® Another well known lupane-type
triterpene, lupeol has caused significant inhibition of growth of MDA-MB-231 cells in a dose-
responsive manner. Interestingly, it has also been able to induce ERa expression in this ERa-
negative breast cancer cell line.>*

Cucurbitacins, originally isolated from several plants of the Cucurbitaceae family
which possess medicinal properties, represent a group of diverse triterpenoids containing a
cucurbitane skeleton. Cucurbitacin | has been found to inhibit the proliferation of MDA-MB-

468 human breast cancer cells that express constitutively activated STAT3.% It also reduced



the levels of phosphotyrosine of constitutively activated STAT3 and induced apoptosis in the
same tumor model. A new cucurbitacin D analog, 2-deoxycucurbitacin D as well as
cucurbitacin D and 25-acetylcucurbitacin F have been isolated from the leaves of Sloanea
zuliaensis. All these compounds have exhibited potent cytotoxic activity against MCF-7 human
breast cancer cells.”® Bioassay-guided purification of the fruit extract of Cucurbita andreana

yielded cucurbitacin B, D, E and | and also reported for antitumor effects against MCF7 cell

lines.”’

Oleanolic acid Ursolic acid Betulinic acid

OH

«lllOH
HO.

z

Cucurbitacin I Camellenodiol Lupeol

Fig. 4. Triterpenes with therapeutic potential in breast cancer
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1.6. Camellia japonica L. (Theaceae)

Camellia japonica L. (English name ‘camellia’; Korean name ‘dongbaek-kkot’), an
evergreen broad-leaved woody species from Theaceae family (Fig. 5), is cultivated as an
ornamental or garden tree all over the Korea. It is widely distributed ranging from the southern
and western coast of the Korean Peninsula through Taiwan, Kyushu and Shikoku to Honshu of

Japan.*®

Fig. 5. Camellia japonica L. (A) Flower; (B) Fruit; (C) Fruit peel
The seeds of C. japonica have been used as a stomachic and antiinflammatory in

while the flower buds have been used for

Chinese folk medicine and also as an oil material,*®

the treatment of blood stagnation, vomiting blood and bleeding due to internal and external
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injury, and also as an antiinflammatory, tonic, and stomachic in Japanese folk medicine and
Chinese traditional medicine.*®

Extensive studies have been made on the constituents of different plant parts of C.
japonica and a number of compounds have been reported including saponins in fruits®**® and
seeds,”® * flavonol glycosides in leaves,®® hydrolyzable tannins,®® acylated anthocyanins,®’
triterpenes® and purin alkaloids® in flowers and triterpenes in seed oil.™

Regarding the bioactive constituents in leaves, flavonol glycosides having antioxidant
activity,® triterpenes having cytotoxic activity,” and saponins having anti-fungal or
antifeedant activity toward yellow butterfly larvae,”* gastro protective and platelet aggregation
activity®® have been reported. Furthermore, some tannins from leaves, flower buds, and fruits
have been shown to have an inhibitory effect on human immunodeficiency virus-1 (HIV-1)
protease.* ™

However, according to literature studies, chemical constituents from fruit peels of C.
japonica have not been reported yet. Moreover, although plant triterpenes have long been
studied and reported for strong PTP1B inhibitory activity as well as therapeutic potential in
breast cancer, but there is no study on camellia triterpenes with PTP1B inhibitory activity and
related cytotoxicity against breast cancer cell lines. In this study, bioactivity guided
fractionation of an EtOAc-soluble extract of fruit peels of C. japonica resulted in the isolation
of six new (1-6), along with eight known (7-14) oleanane-type triterpenes. Among all, four new
3, 4-seco-oleanane-type triterpenes (3-6) are reported for the first time not only from C.
japonica but also from Camellia genus. All the isolates were evaluated for their inhibitory

effects on PTP1B enzyme, as well as their growth inhibition on MCF7, adriamycin-resistant

MCF7 (MCF7/ADR) and MDA-MB-231 breast cancer cell lines.
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2. Materials and Methods

2.1. Materials

2.1.1. Plant material

The fruit peels of C. japonica was collected from Jeju Island, Korea in 2011 and
botanically identified by Prof W. K. Oh. A voucher specimen (CU2011-01) has been deposited
at the laboratory of natural products chemistry, College of pharmacy, Chosun University,

Gwangju, Republic of Korea.

2.1.2. Chemicals, reagents and chromatography

Open column chromatography was conducted on silica gel (63-200 and 40-63 pum
particle size) and RP-18 (40-63 um particle size) from Merck. TLC was carried out with silica
gel 60 Fys4 and RP-18 Fys4 plates from Merck. HPLC was carried out using a Gilson system
with a UV detector and Optima Pak Cig column (10x250 mm, 10um particle size, RS Tech,
Korea). HPLC solvents MeOH and MeCN were purchased from B&J (Burdick & Jackson®,
USA). Deuterated solvents CDCI; and acetone were purchased from CIL (Cambridge Isotope
Lab., USA) for NMR analysis.

Ursolic acid, tamoxifen and MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide] were purchased from Sigma-Aldrich (St Louis, MO, USA). PTP1B
(human, recombinant) was purchased from BIOMOL International LP (USA). Dulbecco’s
modified eagle’s medium (DMEM), fetal bovine serum (FBS), and trypsin were purchased

from GIBCO-BRL (Grand Island, NY, USA).
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2.1.3. General experimental procedures

Optical rotations were determined on a Rudolph Autopol IV polarimeter using a 100
mm glass microcell. IR spectra (KBr) were recorded on a Nicolet 6700 FT-IR (Thermo
Electron Corp.). The 1D and 2D NMR spectra (*H and **C NMR, NOESY, HSQC and HMBC)
were performed using a Varian Unity Inova 500 MHz spectrometer with TMS as the internal
standard. HR-EIMS data were recorded on a Micromass QTOF2 spectrometer. HR-FABMS
data were obtained with JEOL JMS-700 mass spectrometer. Silica gel (Merck, 63-200um and
40-63 pm particle size), RP-18 (Merck, 40—63um particle size) were used for column
chromatography. TLC was carried out with silica gel 60 F,s4 and RP-18 Fs4 plates. HPLC was
carried out using Gilson HPLC system with 321 pump and UV/VIS-155 detector. Optima Pak
Cyg column (10%250 mm, 10um particle size, RS Tech, Korea) was used as HPLC column. All

solvents used for extraction and isolation were of analytical grade.

2.2. Methods

2.2.1. Extraction and isolation

The dried fruit peels of Camellia japonica (7 kg) were extracted with MeOH (10 L x 3
times) at room temperature for one week. The combined MeOH extracts were concentrated to
yield a dry residue (220.0 g). This crude extract was then suspended in H,O (2 L) and
partitioned successively with n-hexane (3 x2 L), EtOAc (3x2 L), and n-BuOH (3%x2 L). The
EtOAc fraction (50.0 g), which exhibited both PTP1B inhibitory and cytotoxic activity (>50%
inhibition at 30 pg/mL) was chromatographed over a silica gel column (15x30 cm; 63—200um
particle size) and eluted with a gradient mixtures of n-hexane/acetone (9:1, 8:2, ...., 1:9, each 2

L) to yield five pooled fractions (F1: 3.8 g; F2: 4.1 g; F3: 3.5 g; F4: 18.2 g; F5: 5.6 g). Fraction

14



F2 was further applied to silica gel column (5x30 cm; 40-63um particle size) and eluted with a
gradient mixture of n-hexane/EtOAc (10:1, 8:1...., 2:1) to afford five subfractions (F2.1-F2.5).
F2.3 (350 mg) was purified by HPLC [Optima Pak Cig column (10 x250 mm, 10pm particle
size, RS Tech, Korea); mobile phase MeOH in H,O containing 0.1% HCO,H (0-25 min: 90%
MeOH, 25-27 min: 90-95% MeOH, 27-50 min: 95% MeOH, 50-52 min: 95-100% MeOH, 52-
60 min: 100% MeOH); flow rate 2 mL/min; UV detection at 205 and 254 nm] to yield
compounds 7 (tg = 21 min, 101 mg), 8 (tzr = 31 min, 3.5 mg), 1 (tg = 33 min, 7.1 mg), 9 (tr =
45 min, 16.5 mg) and 10 (tzr = 47 min, 68 mg). Fraction F3 was chromatographed over a silica
gel column (5x30 cm; 40-63um particle size) and eluted with a gradient mixture of
CH,CI,/MeOH (50:1, 45:1, 40:1....., 5:1) to afford six subfractions (F3.1-F3.6). F.3.4 (200 mg)
was purified by HPLC (0-35 min: 83% MeOH, 35-37 min: 83-100% MeOH, 37-45 min: 100%
MeOH) to yield compound 11 (tz = 30 min, 110 mg). Furthermore, F3.5 (600 mg) was
fractionated into five subfractions (F3.5.1-F3.5.5), using a RP-18 column (4x30 c¢cm; 40-63pum
particle size), with a stepwise gradient of MeOH/H,O (1:1 to 10:1). Subfraction F3.5.2 (70.8
mg) was purified by HPLC (0—40 min: 80% MeOH, 42—44 min: 80-100% MeOH, 44-52 min:
100% MeOH) to yield compound 2 (tr = 35 min, 15 mg). Moreover, subfraction F3.5.3 (65.2
mg) was purified by HPLC (0-35 min: 88% MeOH, 35-37 min: 88-100% MeOH, 37-45 min:
100% MeOH) to yield compound 12 (tg = 30 min, 10.2 mg). Similarly, compounds 13 (tg = 40
min, 4.5 mg) and 14 (tz = 45 min, 33 mg) were purified by HPLC (0-50 min: 88% MeOH, 50-
52 min: 88-100% MeOH, 52-60 min: 100% MeOH) from subfraction F3.5.4 (120 mg).
Fraction F4 was applied to RP-18 column (8x30 cm; 40-63um particle size), with a stepwise
gradient of MeOH/H,0 (1:1 to 10:1) to yield seven subfractions (F4.1-F4.7). Next, F4.6 (4.1 g)
was further fractionated into five subfractions (F4.6.1-F4.6.5), by using a silica gel column

(5%x30 cm; 40-63um particle size); eluted with a gradient mixture of CH,Cl,/MeOH (40:1, 35:1,
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30:1....., 1:1). Then, subfraction F4.6.3 (1.1 g) was chromatographed over a silica gel column
(4x30 cm; 40-63um particle size) and eluted with a gradient mixtures of n-hexane/acetone (8:1,
7:1, ...., 1:1) to obtain four subfracions (F4.6.3.1- F4.6.3.4). F4.6.3.1 (65 mg) was purified by
HPLC (0-50 min: 46% MeCN, 50-52 min: 46-100% MeCN, 52-60 min: 100% MeCN) to yield
compound 6 (tgr = 47 min, 11.8 mg). Furthermore, F4.6.3.2 (150 mg) was purified by HPLC (0-
50 min: 42% MeCN, 50-52 min: 42-100% MeCN, 52-60 min: 100% MeCN) to vyield
compounds 3 (tg = 25 min, 15.6 mg) and 5 (t = 42 min, 18.5 mg). On the other hand,
subfraction F4.6.4 (1 g) was chromatographed over a silica gel column (4x30 cm; 40-63um
particle size) and eluted with a gradient mixtures of n-hexane/acetone (5:1, 4:1, ...., 1:1) to
obtain four subfracions (F4.6.4.1- F4.6.4.4). Finally, F4.6.4.1 (150 mg) was purified by HPLC
(0-45 min: 48% MeCN, 45-47 min: 48-100% MeCN, 47-55 min: 100% MeCN) to yield

compound 4 (tg = 42 min, 30 mg).
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Camellia japonica (dried fruit peels, 7 kg)

Extracted with MeOH (1 weelk)

MeOH extract (220 g)

suspended in HyO and partitioned
with #- Hx, EtOAc, »-BuOH

EtOAc extract (50 g)

Silica gel OCC
n-Hx:Acetone (9:1 to 1:9)

F1 F2 F3 F4 F5
Silica gel OCC Silica gel OCC RP18OCC
n-Hx'EtOAc(10:1t02:1) | CHyCl:MeOH (50:1 to 5:1) MeOH:H,0 (1:1 to 10:1)
F2.3 F3.5 F4.6
HPLC EP120OCC Silica gel OCC
95% MeOH MeOH-H,0 (1:1to 10:1) CH,Cly:MeOH (40:1 to 1:1)
Compound 1 F3.5.2 | |
HPLC Fd4.6.3 F4.6.4
80% MeOH -
\r o Silica gel OCC Silica gel OCC
n-Hx:Acetone (8:1 to 1:1) n-Hx:Acetone (5:1to 1:1)
Compound 2
F4.6.4.1
F4.6.3.1 F4.6.3.2 HPLC
HPLC HPLC 48% MeCN
46% MeCN 42% MeCN
Compound 4
Compound 6 Compound 3
Compound 5

Scheme 1. Isolation of new compounds (1-6) from C. japonica

3, 16-dioxo-olean-12(13), 17(18)-diene (1)
Brown, amorphous powder; [oc]z.f +28.9 (c 0.1, CHCI); IR (KBr) vmax 2952, 2869,

1705, 1665 cm™; *H (500 MHz) and *C (125 MHz) NMR data, see Table 1; HR-EIMS m/z

422.3187 [M]" (calcd for CyoH,,0, 422.3185).
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3B, 16a, 17 —trihydroxy- olean-12-ene (2)

White, amorphous powder; [a]z[;a +32.7 (c 0.1, CHCIly); IR (KBI) Vpax 3615, 3431,
2937, 1652 cm™; *H (500 MHz) and **C (125 MHz) NMR data, see Table 2; HR-EIMS, m/z
444.3605 [M]" (calcd for CagH 4505, 444.3603).
Camelliaolean A (3)

Brown, amorphous powder; [oc]zD5 +26.8 (c 0.1, CHCLy); IR (KBr) vmax 3374, 2863,
1740, 1710, 1623 cm™; *H (500 MHz), *C (125 MHz) NMR data, see Table 3; HR-FABMS
(m/z 541.3517 [M + Na]”, calcd 541.3505).
Camelliaolean B (4)

White, amorphous powder; [o]% +35.1 (¢ 0.1, CHCl); IR (KBF) Vmax 3363, 2951,
1742, 1713, 1459 cm™; *H (500 MHz), *C (125 MHz) NMR data, see Table 4; HR-FABMS
(m/z 527.3350 [M + Na]”, calcd 527.3349).
Camelliaolean C (5)

White, amorphous powder; [oc]zD5 +24.7 (c 0.1, CHCIy); IR (KBr) vmax 3370, 2867,
1735, 1713, 1628 cm™; *H (500 MHz), *C (125 MHz) NMR data, see Table 5; HR-FABMS
(m/z 525.3188 [M + Na]”, calcd 525.3192).
Camelliaolean D (6)

Brown, amorphous powder; [oc]zD5 +28.3 (c 0.1, CHCIy); IR (KBr) vpmax 3360, 2872,
1730, 1710, 1615 cm™; *H (600 MHz), *C (150 MHz) NMR data, see Table 6; HR-FABMS

(m/z 473.3283 [M + H]", calcd 473.3267).
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Fig. 6. Chemical structures of compounds 1-14 isolated from Camellia japonica
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2.2.2. PTP1B inhibition assay

PTP1B (human, recombinant) was purchased from BIOMOL International LP (USA)
and the enzyme activity was measured using p-nitrophenyl phosphate (p-NPP) as a substrate.”
To each of 96-wells (final volume: 100uL), 4 mM p-NPP and PTP1B (0.05-0.1ug) in a buffer
containing 50 mM citrate (pH 6.0), 0.1 M NaCl, 1 mM EDTA, and 1 mM dithiothreitol (DTT)
were added with or without test compounds. Following incubation at 37°C for 30 min, the
reaction was terminated with 10 N NaOH. The amount of produced p-nitrophenol was
estimated by measuring the absorbance at 405 nm. The nonenzymatic hydrolysis of 4 mM p-
NPP was corrected by measuring the increase in absorbance at 405 nm obtained in the absence

of PTP1B enzyme.

2.2.3. Kinetic parameters for PTP1B inhibition type

To determine the inhibition type, two kinetic methods namely Lineweaver-Burk and
Dixon plots were used.” ’" Using Lineweaver-Burk double reciprocal plots, the PTP1B
inhibition mode was determined at various concentrations of p-NPP substrate (1, 2, 4, 8, and 16
mM) in the absence or presence of different test compound concentrations (0, 2, 4 and 8 uM).
Each enzymatic inhibition of test compounds was evaluated by monitoring the effects of
different concentrations of the substrates in the Dixon plots (single reciprocal plot). The

inhibition constant (K;) values were determined by interpretation of the Dixon plots.

2.2.4. Cell culture

The screening cell lines (MCF7 and MDA-MB-231 human breast carcinoma cells, and

the adriamycin resistant cell line MCF7/ADR) were maintained at 37°C in a humidified
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atmosphere containing 5% CO,. All the media used were DMEM supplemented with 10%
heat-inactivated fetal bovine serum, 4.5 g/L D-glucose, 100 mg/L sodium pyruvate and L-
glutamine. The cells were sub cultured every 3 days using the standard trypsinization

procedure.

2.2.5. MTT cytotoxicity assay

The cell viability was assessed using a MTT based cytotoxicity assay’® to determine
the I1Cs, of the isolated compounds. In these assays, 1x10° MCF7 (ER positive weakly
invasive), MDA-MB-231 (ER negative highly invasive), and MCF7/ADR (adriamycin
resistant) cells in 100 pL of the culture medium per well were seeded in 96-well plates and
allowed to adhere for 24 h prior to treatment. At various concentrations, the cells in 96 well
plates were treated and incubated for 48 h. The final concentration of DMSO in the culture
medium was maintained at 0.05% (v/v) to avoid solvent toxicity. Subsequently, 20 pL of the 2
mg/mL MTT solution was added to each well of the plate and incubated 4 h. Then the
absorbance was measured at 550 nm. The percentage cell viability is expressed as toxicities of
the compounds, where the higher the toxicity, the lower the cell viability. Percentage cell
viability is defined as the absorbance in the experiment well compared to that in the control
wells. The cytotoxicity results are expressed as the mean + SD and represent the concentration

inhibiting 50% cell growth (ICsp). Each experiment was carried out in triplicates.

2.2.6. Statistical analysis

The results were expressed as mean * standard deviation (SD) from triplicate

experiments and evaluated by using SigmaPlot® (version 11.0) software.
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3. Results and Discussions

3.1. Structural determination of new compounds 1-6

Bioassay-guided fractionation of an EtOAc soluble extract of fruit peels of Camellia
japonica led to the isolation of a series of oleanane-type triterpenes, consisting of two new
oleanane (1-2) and four new seco-oleanane (3-6), along with eight known oleanane (7-14) type
triterpenes (Fig. 6). The known compounds were identified as camelledionol (7),%® 3p-hydroxy-
olean-11,13(18)-diene-28-oic acid (8),”° 3p-acetoxy-olean-11,13(18)-diene-28-oic acid (9),%°
3p-acetoxy-olean-12-ene-28-oic acid (10),*" camellenodiol (11),% 3B-acetoxy-11-oxo-olean-
12-ene (12),% 3B-hydroxy-16-oxo-olean-11,13(18)-diene (13),% ® and oleanolic acid (14)* on
the basis of spectroscopic analysis, chemical evidence and comparison with spectral data with

those reported in the literatures.

3.1.1. Structural determination of compound 1

Compound 1 was obtained as a brown amorphous powder with positive optical

rotation ([a]z.f +28.9 in CHCI3). The IR spectrum showed strong absorption band at 1665 cm™

indicating the presence of a,B-unsaturated ketone group with extended conjugation. In addition,
HREIMS spectrum of compound 1 exhibited a molecular ion peak at m/z 422.3187 [M]" (calcd
422.3185), corresponding to a molecular formula of C,gH;0, with nine double-bond
equivalents, of which five were accounted for by a pentacyclic ring system, two by two olefinic
bonds, and two by two ketocarbonyl groups. The *H NMR spectrum (Table 1) showed signals
for seven methyl groups [64 0.92, 0.94, 0.99, 1.07, 1.09, 1.11, 1.12 (3H each, all s)] and an

olefinic proton [3y 6.13 (1H, t, J= 4.0 Hz). The **C NMR spectrum (Table 1) revealed the
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presence of four olefinic carbons at dc 126.54, 129.32, 139.47 and 146.94 and two o,B-
unsaturated ketone groups at 5c 200.31 and 217.56. These results were closely similar to those
of maragenin 11, which was also isolated and reported previously from this plant.® The most
obvious distinction between compound 1 and maragenin 11 was the chemical shift value of C-3,
which appeared as a ketone carbon at 8¢ 217.56 for 1 instead of an oxymethine carbon at &¢
78.7 for maragenin Il. However, the attachment of one ketone group at C-3 was confirmed by
HMBC correlation from Hy-1 (84 1.96, 1.50) and H,-2 (84 2.55, 2.45); from H3-23 (84 1.11)
and Hz-24 (64 1.07) to ketone carbon at d¢c 217.56 (Fig. 7). Furthermore, HMBC correlation
from H,-15 (64 2.62, 2.20), and H-22 (64 2.20) to ketone carbon at ¢ 200.31 indicated the
attachment of another ketone group at C-16 position. Therefore, from the spectroscopic data as
well as comparison with the data from known compounds, 1 was identified as 3,16-dioxo-

olean-12(13),17(18)-diene.

[y

Fig. 7. Key HMBC (H—C) correlations of compound 1
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Table 1. *H (500 MHz) and *3C (125 MHz) -NMR data of compound 1 in CDCl,

Position &, mult. (J in Hz) 8¢ HMBC (H—C)

1 1.96 m 39.50 C-2,C-3,C-10
1.50m

2 255 m 34.16 C-1,C-3,C-10
245m

3 217.56

4 47.50

5 1.40m 55.27 C-3,C-6, C-23, C-24, C-25

6 1.55m 19.65 C-5, C-7,C-23
1.55m

7 1.55m 33.05 C-6, C-8, C-14, C-26
1.55m

8 38.86

9 1.63 dd (10.5, 7.0) 45.46 C-8, C-10, C-11, C-25, C-26

10 36.70

11 2.18m 24.40 C-9, C-12

12 6.131t(4.0) 126.54 C-11, C-18

13 139.47

14 45.14

15 2.62 d (14.8) 44,19 C-14, C-16, C-17, C-27
220 d (14.6)

16 200.31

17 129.32

18 146.94

19 2.18m 40.62 C-18, C-20, C-29, C-30
1.98 m

20 29.35

21 1.39m 34.47 C-22, C-29, C-30
1.39m

22 250 m 20.76 C-21, C-16, C-17
2.20m

23 1.11s 26.90 C-3,C+4,C-5,C-24

24 1.07s 21.53 C-4, C-5, C-23

25 1.09s 15.56 C-1,C-5,C-9, C-10

26 0.99s 17.94 C-7,C-8,C-9, C-14

27 1.12s 23.15 C-8, C-13, C-14, C-15

28

29 0.94s 28.86 C-19, C-20, C-21, C-30

30 0.92s 28.19 C-19, C-20, C-21, C-29

# Assignments were based on HMBC, HSQC experiments
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3.1.2. Structural determination of compound 2

Compound 2, a white, amorphous powder, exhibited a positive optical rotation ([(I]ZDS

+32.7 in CHCIy). Its IR spectrum showed absorption bands for hydroxy and trisubstituted
double bond at Vyy 3431 and 1652 cm™, respectively. In addition, the molecular formula was
determined as C,oH4505 from a molecular ion peak at m/z 444.3605 [M]" (calcd for CagHygOs:
444.3603) in the HREIMS spectrum. Moreover, The EIMS spectrum showed a typical
fragment ion peak at m/z 236, which is the characteristic ion peak of retro-Diels-Alder
fragmentation occurring in the C ring of a 12-oleanane-type triterpene, indicating that
compound 2 belongs to an oleanane-type triterpene.®® The *H NMR spectrum (Table 2) showed
the presence of seven methyl groups [6y 0.79, 0.91, 0.91, 0.93, 1.00, 1.01, 1.37(3H each, all
s)], two oxymethines [6y 3.23 (1H, dd, J= 3.9, 11.3 Hz), 3.91 (1H, s like)], and a characteristic
olefinic proton [8y 5.40 (1H, s like)]. Furthermore, the **C NMR spectrum (Table 2) showed
29 carbon signals, including two olefinic carbons at 6c 124.68 and 142.31, three oxygenated
carbon at ¢ 71.63, 77.97, and 78.95, and seven tertiary methyl carbons at 6c 15.43, 15.62,
17.23, 24.48, 26.84, 28.11, and 32.47. The other carbon signals were observed and assigned to
nine methylenes, three methines and five quaternary carbons. The *H NMR data coupled with
3C NMR data of compound 2 resembled with those of Camellioside E,*® except for the
hydroxy group substitution in ring A at C-3 position. These results were evidenced by
characteristic peak at 8y 3.23 (1H, dd, J= 11.3, 3.9 Hz) with corresponding **C NMR signal
from HSQC at 6c 78.95. These assignments were further confirmed from the HMBC
correlations from Hy-2 (8 1.64, 1.55) to C-3 (8¢ 78.95); from H-3 (84 3.23) to C-23 (5¢ 28.11)
and C-24 (8¢ 15.62); from H-5(8 0.78) to C-3 (8¢ 78.95) (Fig. 14). The relative configuration
of this hydroxy group at C-3 was determined as B due to the high coupling constant (J= 11.3,

3.9 Hz) and from NOE correlation between proton pair H-30 and H-5, H3;-23. HMBC
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correlation from one relatively deshielded oxymethine proton signal at 6y 3.91 to C-14 (d¢
41.22), C-17 (8¢ 71.63) and C-18 (6¢ 47.94) as well as correlation from H,-15 (34 2.22, 1.25),
and H»-22 (64 1.85, 1.73) to carbon signal at d¢ 77.97 inferred the presence of another hydroxy
group at C-16 position. The broad singlet signal at H-16 (6 3.91) indicated the a-orientation of
this hydroxy group which was further supported in NOESY spectrum (Fig. 14) from the cross
peaks between proton pairs H-15a and H-16, Hs-27; H-15B and H-16. Finally, the third
hydroxy group was confirmed to be located at C-17 position on the basis of HMBC
correlations from H,-15 (84 2.22, 1.25) to C-17 (8¢ 71.63); from H-18 (dy 2.36) to C-17 (d¢c
71.63); and from H»-22 (64 1.85, 1.73) to C-17 (6c 71.63). Therefore, the structure of

compound 2 was elucidated as 3p,16a,17-trihydroxy-olean-12-ene.

)

> ey

Fig. 14. Key HMBC (H—C) and NOESY (H----~H) correlations of compound 2
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Table 2. *H (500 MHz) and *3C (125 MHz) -NMR data of compound 2 in CDCls,

Position &y mult. (J in Hz) Sc HMBC (H—C)
1 1.64 m 38.46 C-2,C-3,C-10
1.55m
2 1.64 m 27.17 C-1,C-3,C-10
1.55m
3 3.23dd (11.3, 3.9) 78.95 C-1, C-2, C-4, C-5, C-24
4 38.75
5 0.78 brs 55.20 C-3, C-6, C-23, C-24, C-25
6 1.59 m 18.29 C-5,C-7,C-23
1.39 m
7 1.53m 32.96 C-6, C-8, C-14, C-26
1.40s
8 39.53
9 1.62 dd (10.5, 7.0) 46.72 C-8, C-10, C-11, C-25, C-26
10 37.01
11 1.89 m 23.50 C-9, C-12
12 5.40 brs 124.68 C-11, C-18
13 142.31
14 41.22
15 2.22d (13.2) 34.49 C-14, C-16, C-17, C-27
1.25d (12.5)
16 3.91 brs 77.97 C-14, C-15, C-17, C-18, C-22
17 71.63
18 2.36 dd (14.1, 3.2) 47.94 C-12, C-13, C-16, C-17, C-19
19 2.19m 47.53 C-18, C-20, C-29, C-30
1.14 m
20 30.75
21 1.80 m 37.02 C-22, C-29, C-30
1.34m
22 1.85m 36.10 C-21, C-16, C-17
1.73m
23 1.00's 28.11 C-3, C-4, C-5, C-24
24 0.79 s 15.62 C-4, C-5, C-23
25 0.93s 15.43 C-1, C-5, C-9, C-10
26 0.91s 17.23 C-7,C-8, C-9, C-14
27 1.37s 26.84 C-8, C-13, C-14, C-15
28
29 0.91s 32.47 C-19, C-20, C-21, C-30
30 1.01s 24.48 C-19, C-20, C-21, C-29

# Assignments were based on HMBC, HSQC, NOESY experiments
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3.1.3. Structural determination of compound 3

Compound 3 was obtained as a brown amorphous powder with positive optical
rotation ([a]§ +26.8 in CHCI3). The positive ion HRFABMS spectrum revealed a
quasimolecular ion peak at m/z 541.3517 [M + Na]* (calcd 541.3505), consistent with a
molecular formula of C3;Hs0Os. In addition, IR absorption bands indicated the existence of
hydroxy (3374 cm™), ester (1740 cm™), carbonyl (1710 cm™), and olefinic (1623 cm™)
functional groups. The '"H NMR (Table 3) showed six methyl singlets (8,4 0.89, 1.14, 1.16,
1.20, 1.24, 1.29), one carboxymethyl singlet (oy 3.57), two oxymethylene signals (54 4.01,
3.47; 3.14) and one olefinic methine signal (8 5.50). The *C NMR spectrum (Table 3)
exhibited 31 carbon signals including one carboxymethyl (5¢c 51.54), one ketone group (d¢c
213.59), two olefinic carbons (8¢ 125.03, 142.37), two oxymethylenes (6¢c 70.85, 74.13), one
oxygenated quaternary carbon (8¢ 75.38), six methyls, nine methylenes, three methines and
five quaternary carbons. The above findings suggest that compound 3 is a tetracyclic triterpene
with the occurrence of 3,4-seco-oleanane type skeleton.®” It was further confirmed by HMBC
correlations from 6y 2.48 and 1.66 (H,-1), 2.61 and 2.19 (H,-2), and 3.57 (OMe) to ¢ 175.30
(C-3); from 8y 1.29 (H3-23) and 1.24 (H3-24) to &¢c 75.38 (C-4) and 52.38 (C-5); and from &y
1.16 (H3-25) to 6¢ 35.46 (C-1), 52.38 (C-5), 38.93 (C-9) and 41.82 (C-10). These correlations
also confirmed the attachments of a carboxymethyl and a hydroxy group at C-3 and C-4
positions, respectively. The presence of a ketone group at C-16 position was determined by the
HMBC correlation from Hy-15 (64 2.76, 1.73), H-22 (64 1.23) and H»-28 (64 4.01, 3.47) to
ketocarbonyl carbon at 5c 213.59. Next, HMBC correlation from an oxymethylene proton
signal at 8y 3.14 to methyl carbon (¢ 19.48), to C-19 (8¢ 43.37), to C-20 (8¢ 36.74) and to C-
21 (8¢ 30.74) indicated that this oxymethylene group was located at C-29 or C-30 position.

However, the up field chemical shift of the methyl carbon at ¢ 19.48 suggested that it was C-
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30, and, therefore the oxymethylene group was placed at C-29. These assignments were
confirmed by NOESY correlations of H-18p (64 2.60) with Hs-30 (64 0.89) and H-12 (34 5.50)
(Fig. 21). Moreover, typical signals of another oxymethylene group at C-28 position were
observed at oy 4.01 and 3.47, and 6¢ 70.85, respectively. It was further supported by HMBC
correlations from H,-28 (6 4.01, 3.47) to C-16 (d¢ 213.59), C-17 (8¢ 54.59), C-18 (¢ 46.75)
and C-22 (8¢ 25.84). Thus, compound 3 was determined as 4,28,29-trihydroxy-16-0xo-3,4-

seco-olean-12-ene-3-oic acid methyl ester and named camelliaolean A.

Fig. 21. Key HMBC (H—C) and NOESY (H---»H) correlations of compound 3
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Table 3. *H (500 MHz) and **C (125 MHz) -NMR data of compound 3° in acetone-ds

Position &, mult. (JinHz) 8¢ HMBC (H—C)

1 248 m 35.46 C-2,C-3,C-10
1.66 m

2 2.61m 29.73 C-1,C-3,C-10
2.19m

3 175.30

4 75.38

5 1.42 brs 52.38 C-6, C-23, C-24, C-25

6 1.60m 23.15 C-5,C-7,C-23
1.55m

7 151 m 32.78 C-6, C-8, C-14, C-26
1.27m

8 40.64

9 1.79dd (10.9,6.6)  38.93 C-8, C-10, C-11, C-25, C-26

10 41.82

11 2.02m 24.19 C-9, C-12

12 5.501t(3.5) 125.03 C-11,C-18

13 142.37

14 48.71

15 2.76 d (14.1) 44,55 C-14, C-16, C-17, C-27
1.73d (14.0)

16 213.59

17 54.59

18 2.60dd (14.1, 3.4) 46.75 C-12, C-13, C-16, C-17, C-19, C-28

19 1.59m 43.37 C-18, C-20, C-29, C-30
1.23m

20 36.74

21 150 m 30.74 C-22, C-29, C-30
1.50m

22 2.33m 25.84 C-21, C-16, C-17
1.23m

23 1.29s 34.16 C-4,C-5,C-24

24 1.24s 28.22 C-4, C-5,C-23

25 1.16s 20.60 C-1,C-5,C-9, C-10

26 1.14s 17.56 C-7,C-8,C-9, C-14

27 1.20s 27.48 C-8, C-13, C-14, C-15

28 4.01d (10.9) 70.85 C-16, C-17, C-18, C-22
3.47 d (10.9)

29 3.14 brs 74.13 C-19, C-20, C-21, C-30

30 0.89s 19.48 C-19, C-20, C-21, C-29

COOCH3; 3.57s 51.54 C-3

# Assignments were based on HMBC, HSQC, NOESY experiments
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3.1.4. Structural determination of compound 4

Compound 4, a white, amorphous powder, showed positive optical rotation ([(I]ZDS

+35.1 in CHCIy). Its IR spectrum displayed intense absorption bands for hydroxy (3363 cm™),
ester (1742 cm™), and carbonyl (1713 cm™) functionalities. In addition, the molecular formula
of 4 was determined as C3gHsgOs, ONn the basis of HRFABMS spectrum, which showed a
quasimolecular ion peak at m/z 527.3350 [M + Na]* (calcd for CsHss0gNa'™: 527.3349), 14
mass unit less than that of 3. The detailed analysis of *H and **C NMR spectral data (Table 4)
as well as HMBC and HSQC correlation (Fig. 28) revealed that compound 4 was also a 3,4-
seco-oleanane type triterpene, closely similar to 3. However, compound 4 differed from 3 at C-
7, C-17, and C-29 positions. The *H and *C NMR spectrum of 4 showed the presence of
oxymethine proton signal at oy 3.78 (1 H, dd, J= 11.4, 4.1 Hz) with corresponding carbon
signal at 6¢ 72.34 at C-7 position which was supported by HMBC correlations from dy 3.78 to
C-6 (8¢ 33.42), C-8 (8¢ 44.73), C-14 (3¢ 48.91) and C-26 (8¢ 10.37). The NOE correlation
between proton pair H-7a and H-5, H-60, H3-27 as well as the high coupling constant (J= 11.4,
4.1 Hz) confirmed this hydroxy group as p-oriented (Fig. 28). A hydroxy group attachment at
C-17 position of compound 4 was also concluded from the HMBC correlations from H-15 (64
2.21) to C-17 (&¢c 76.28); from H-18 (o 2.76) to C-17 (8¢ 76.28); and from H,-22 (84 2.10,
1.46) to C-17 (3¢ 76.28). Finally, the oxymehylene group at C-29 position in 3 was substituted
by a methyl group (84 0.88, 8¢ 32.38) in compound 4. These conclusions were also confirmed
by the HMBC correlations from H3-29 (64 0.88) to C-19 (3¢ 47.02), C-20 (¢ 30.79), C-21 (6¢
36.38), and C-30 (8¢ 23.53). Therefore, the chemical structure of compound 4 was designated
as 4,7B,17-trihydroxy-16-0x0-3,4-seco-olean-12-ene-3-oic acid methyl ester and named

camelliaolean B.
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Fig. 28. Key HMBC (H—C) and NOESY (H---»H) correlations of compound 4
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Table 4. *H (500 MHz) and *3C (125 MHz) -NMR data of compound 4° in CDCl,

Position &, mult. (J in Hz) 8¢ HMBC (H—C)
1 2.43m 33.82 C-2,C-3,C-10
1.66m
2 2.43m 28.74 C-1,C-3,C-10
2.14 m
3 175.21
4 75.12
5 1.50m 49.12 C-6, C-23, C-24, C-25
6 1.65m 33.42 C-5,C-7,C-23
1.50m
7 3.78dd (114, 41)  72.34 C-6, C-8, C-14, C-26
8 4473
9 1.64 dd (11.1,5.2) 38.39 C-8, C-10, C-11, C-25, C-26
10 41.21
11 211m 23.19 C-9, C-12
1.95m
12 5.56 brs 125.69 C-11,C-18
13 139.87
14 48.91
15 3.49d (14.3) 46.22 C-14, C-16, C-17, C-27
2.21d (14.3)
16 215.12
17 76.28
18 2.76 dd (14.2, 3.5) 52.48 C-12, C-13, C-16, C-17,C-19
19 1.48 m 47.02 C-18, C-20, C-29, C-30
1.28m
20 30.79
21 1.55m 36.38 C-22, C-29, C-30
1.28m
22 2.10m 30.11 C-21, C-16, C-17
1.46 m
23 1.31s 33.73 C-4,C-5,C-24
24 1.26s 27.72 C-4, C-5,C-23
25 1.11s 19.65 C-1,C-5,C-9, C-10
26 1.10s 10.37 C-7,C-8,C-9, C-14
27 1.24s 26.58 C-8, C-13, C-14, C-15
28
29 0.88s 32.38 C-19, C-20, C-21, C-30
30 0.95s 23.53 C-19, C-20, C-21, C-29
COOCHz3 3.66 s 51.76 C-3

& Assignments were based on HMBC, HSQC, NOESY experiments
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3.1.5. Structural determination of compound 5

Compound 5 was obtained as a white amorphous powder with positive optical rotation
([a]zs +24.7 in CHCIy). The positive ion HRFABMS spectrum revealed a quasimolecular ion
peak at m/z 525.3188 [M + Na]" (calcd 525.3192), consistent with a molecular formula of
Ca0H4606. In addition, IR absorption bands indicated the existence of hydroxy (3370 cm'l),
ester (1735 cm™), carbonyl (1713 cm™), and olefinic (1628 cm™) functional groups. The *H
NMR (Table 5) showed four tertiary methyls (4 0.95, 0.96, 1.17, 1.25), a vinyl methyl (54
1.77), an exomethylene [64 4.90, 4.73 (each s)], an oxymethine (6 3.87), a carboxymethyl (34
3.59), an oxymethylene (8, 3.14) and an olefinic methine signal (8y 5.48). The *C NMR
(Table 5) spectrum exhibited 30 carbon signals including a carboxymethyl (8¢ 51.75), a ketone
group (8¢ 214.78), two olefinic carbons (8¢ 124.99, 142.64), two exomethylene carbons (3¢
114.62, 147.34), an oxymethylene carbon (3¢ 73.88), an oxygenated methine carbon (6¢ 72.11),
an oxygenated quaternary carbon (8¢ 76.88), four tertiary methyls, one vinyl methyl, eight
methylenes, three methines and four quaternary carbons. The above findings accounted for
four out of the eight degrees of unsaturation, suggesting that compound 5 is a tetracyclic

8 The occurrence of 3,4-seco-oleanane type skeleton was elucidated

oleanane type triterpene.
from the following HMBC correlations: 6y 1.60 (H,-1), 2.45 and 2.14 (H,-2), and 3.59 (OMe)
with 8¢ 174.44 (C-3); 64 4.90 and 4.73 (H,-23) and 1.77 (H3-24) with d¢ 48.46 (C-5); &1 0.96
(Hs-25) with 6c 34.71 (C-1), 48.46 (C-5), 38.28 (C-9), and 40.22 (C-10). These correlations
also confirmed the attachment of a carboxymethyl group at C-3 position. Further detailed
HMBC, HSQC and ‘H-'H NOESY confirmed that compound 5 is a 3,4-seco-oleanane type
triterpenoid. The HMBC correlations of Hp-15 (84 3.56, 2.23), and H-22 (64 1.44) with

ketocarbonyl carbon at 5c 214.78 confirmed the presence of a ketone group at C-16 position.

Next, likewise compound 4 one oxymethine signal was also observed for compound 5 at C-7
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position, with proton signal at 6y 3.87 (1 H, dd, J= 11.2, 4.3 Hz) and corresponding carbon
signal at 6c 72.11. It was further evidenced by HMBC correlations from 8y 3.87 to C-6 (8¢
35.83), C-8 (8¢ 45.59), C-14 (3¢ 50.12) and C-26 (¢ 10.99) (Fig. 36). The relative
configuration of this hydroxy group was confirmed as B-orientation by comparison of chemical
shifts of carbon and proton signals with that of compound 4. Next, HMBC correlation from an
oxymethylene proton signal at 6y 3.15 to methyl carbon (8¢ 19.45), to C-19 (8¢ 43.21), to C-20
(8¢ 36.68) and to C-21 (8¢ 32.21) indicated that this oxymethylene group was located at C-29
or C-30 position. However, likewise compound 3, the upfield chemical shift of the methyl
carbon at dc 19.45 suggested that it was C-30, and, therefore the oxymethylene group was
placed at C-29. Similar chemical shifts of carbon and proton signals and HMBC correlation
with that of compound 3 also confirmed these assignments. Furthermore, the HMBC
correlation between H-158 (84 2.23), H-18 (64 2.80), H,-22 (84 1.44, 2.07) and oxygenated
carbon (8¢ 76.88) inferred the attachment of another hydroxy group at C-17 position. Based on
the above findings, the chemical structure of compound 5 was determined as 7(,17,29-
trihydroxy-16-0x0-3,4-seco-olean-4(23),12(13)-diene-3-oic acid methyl ester and named

camelliaolean C.
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Fig. 36. Key HMBC (H—C) correlation of compound 5
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Table 5. *H (500 MHz) and **C (125 MHz) -NMR data of compound 5° in acetone-ds

Position & mult. (J in Hz) Sc HMBC (H—C)
1 1.60m 34.71 C-2,C-3,C-10
1.60 m
2 245m 28.75 C-1,C-3,C-10
2.14m
3 174.44
4 147.34
5 2.26m 48.46 C-6, C-23, C-24, C-25
6 1.95m 35.83 C-5,C-7
1.52m
7 3.87dd (11.2,43) 7211 C-6, C-8, C-14, C-26
8 45,59
9 1.69 dd (11.7, 5.6) 38.28 C-8, C-10, C-11, C-25, C-26
10 40.22
11 2.19m 24.49 C-9, C-12
2.19m
12 5.48 brs 124.99 C-9, C-11, C-14, C-18
13 142.64
14 50.12
15 3.56 d (14.2) 46.87 C-14, C-16, C-17, C-27
2.23d (14.2)
16 214.78
17 76.88
18 2.80 dd (14.2, 3.8) 53.11 C-12, C-13, C-16, C-17, C-19
19 1.55m 43.21 C-18, C-20, C-29, C-30
1.30 m
20 36.68
21 1.64 m 32.21 C-22, C-29, C-30
1.21m
22 2.07m 30.67 C-21, C-16, C-17
1.44m
23 4.90 brs 114.62 C-4,C-5,C-24
4.73 brs
24 1.77s 23.81 C-4,C-5,C-23
25 0.96s 20.06 C-1,C-5,C-9, C-10
26 1.17s 10.99 C-7,C-8,C-9, C-14
27 1.25s 26.89 C-8, C-13, C-14, C-15
28
29 3.15d (2.8) 73.88 C-19, C-20, C-21, C-30
30 0.95s 19.45 C-19, C-20, C-21, C-29
COOCH; 3.59s 51.75 C-3

# Assignments were based on HMBC, HSQC experiments
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3.1.6. Structural determination of compound 6

Compound 6 was isolated as a brown amorphous powder with positive optical rotation
([a]zs +28.3 in CHCI3). The positive ion HRFABMS spectrum revealed a quasimolecular ion
peak at m/z 473.3283 [M + H]" (calcd 473.3267), consistent with a molecular formula of
Ca9H440s. In addition, IR spectrum displayed intense absorption bands for hydroxy (3360 cm’
Y, ester (1730 cm™), carbonyl (1710 cm™), and olefinic (1615 cm™) functionalities. The
carbon and proton signals in the *H and **C NMR spectra (Table 6) were superimposable on
those of 5 (Table 5), except for the signals around C-3, and C-7 positions. In compound 5, a
carboxymethyl group (8¢ 174.44, 51.75) was appeared at C-3 position, which was substituted
by a free carboxy group at 6c 174.97 in case of 6. This assignment was further evidenced by
HMBC correlations, from H,-1 (64 1.59, 1.56) and H»-2 (8 2.40, 2.21) to C-3 (8c174.97) (Fig.
42). Finally, at C-7 position, a methylene group was observed for 6 at oc 32.50 with
corresponding proton signals (84 1.53, 1.28) instead of an oxymethine group for 5. The HMBC
correlation between H-5 (84 2.12), H3-26 (84 1.18) and C-7 (3¢ 32.50) as well as correlation
between Hy-7 (64 1.53, 1.28) and C-6 (3¢ 25.36), C-8 (8¢ 40.38) further confirmed these
assignments. The chemical shift values as well as the HMBC and HSQC correlations of other
carbon and proton signals were closely similar to 5. Therefore, based on the above findings, the
chemical structure of compound 6 was deduced as 17,29-dihydroxy-16-0x0-3,4-seco-olean-

4(23),12(13)-diene-3-oic acid and named camelliaolean D.
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Fig. 42. Key HMBC (H—C) correlation of compound 6
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Table 6. *H (600 MHz) and **C (150 MHz) -NMR data of compound 6° in acetone-dg

Position &y mult. (J in Hz) 8¢ HMBC (H—C)
1 1.59 m 34.87 C-2,C-3,C-10
1.56 m
2 2.40 ddd (15.9,11.3,5.0)  28.67 C-1,C-3,C-10
2.21 ddd (15.4, 11.3, 6.2)
3 174.97
4 148.40
5 2.12m 50.88 C-6, C-23, C-24, C-25
6 1.59 m 25.36 C-5, C-7
1.42'm
7 1.53m 32.50 C-6, C-8, C-14, C-26
1.28m
8 40.38
9 1.82 dd (11.5, 5.3) 38.02 C-8, C-10, C-11, C-25, C-26
10 40.00
11 2.08 m 24.50 C-9, C-12
1.95m
12 5.42 t (3.5) 124.47 C-9, C-11, C-14, C-18
13 143.03
14 49.16
15 3.31d(13.1) 43.36 C-14, C-16, C-17, C-27
1.62d (13.1)
16 213.96
17 77.16
18 2.83 dd (14.4, 4.1) 52.65 C-12, C-13, C-16, C-17, C-19
19 1.53m 43.29 C-18, C-20, C-29, C-30
1.29m
20 36.66
21 1.64m 32.23 C-22, C-29, C-30
1.21m
22 2.07m 30.84 C-21, C-16, C-17
1.45m
23 4.89 brs 114.11 C-4, C-5, C-24
4.74 brs
24 1.78s 24.09 C-4, C-5, C-23
25 0.98s 19.89 C-1, C-5,C-9, C-10
26 1.18s 17.95 C-7, C-8,C-9, C-14
27 1.19s 27.15 C-8, C-13, C-14, C-15
28
29 3.15d (3.9) 73.86 C-19, C-20, C-21, C-30
30 0.96 s 19.47 C-19, C-20, C-21, C-29

# Assignments were based on HMBC, HSQC experiments
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3.2. PTP1B inhibitory effects of isolated compounds 1-14

All isolated compounds from fruit peels of C. japonica were evaluated for their
inhibitory effects on PTP1B enzyme and the results were summarized in Table 7. The PTP1B
enzyme inhibition assay is based on the enzymatic hydrolysis of p-nitro phenyl phosphate (p-
NPP). Upon dephosphorylation by PTP1B enzyme, p-NPP is cleaved into p-nitrophenol which
is estimated by measuring the absorbance at 405 nm. If test compounds inhibit PTP1B enzyme,
production of p-nitrophenol will be reduced and, therefore, low absorbance will be observed.
However, in this study, all oleanane type compounds showed strong to moderate PTP1B
inhibitory activity while 3,4-seco-oleanane-type compounds did not inhibit PTP1B enzyme
even at higher concentration of 50 uM (Table 7). Among oleananes, compounds 2, 8, 10, 11,
and 13 showed strong inhibitory activity (Fig. 48) with 1Csy values ranging from 3.77 + 0.11 to
6.40 + 0.81 uM and the inhibition was concentration dependent. On the other hand, the 1Cs
value for reference ursolic acid was found 3.74 £ 0.31 uM. Interestingly, comparing with
reference ursolic acid, similar type very strong inhibition was found for compounds 2 (ICx
3.94 + 0.29 uM) and 11 (ICs 3.77 £ 0.11 uM). It is noteworthy to mention that, triterpenes
especially oleanane-type triterpenes have long been studied and reported for their strong
PTP1B inhibitory potential.®® The oleanane triterpenes from C. japonica also showed
significant inhibitions on PTP1B enzyme which are consistent with the evidences. Therefore,
camellia oleananes especially compounds 2 and 11 might be used for the treatment of PTP1B

related diseases including breast cancer.
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Table 7. Inhibitory effects of isolated compounds 1-14 on PTP1B enzyme

Compounds?® Inhibitory effect (1Cx, pM)b
16.23 £2.19
3.94 +£0.29
NA®

NA

NA

>30

> 30

6.40 £ 0.81
6.97 +1.10
4.79+0.15
3.77+0.11
11.62 £1.17
4.66 £0.71
14 5.34+0.42
Ursolic acid® 3.74+0.31

© 00 N O oA WD

e el e =
w N ko

NA: Not active.

& The purities of compounds for assay were purified by HPLC over 95%

®Values are expressed as mean + SD of three replicates. Seven concentration points were set
for establishment of PTP1B inhibition curve to calculate ICx, value.

¢ Compounds showed no activity at concentration of 50 uM.

4 positive control.
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Fig. 48. PTP1B inhibitory effects of the isolated compounds from C. japonica. Compounds 2,
8, 10, 11, and 13 showed concentration dependent strong inhibition on PTP1B activity. Ursolic

acid was used as positive control which was presented in Table 7. Compound concentrations

are displayed on logarithmic scales.
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3.3. PTP1B inhibition mode for isolated compounds - Lineweaver-

Burk and Dixon plots

Based on the interesting results in PTP1B inhibition assay, two most strong inhibitors
(2, and 11) were investigated to determine the mode of inhibition. The double reciprocal
Lineweaver-Burk plot and single reciprocal Dixon plot were used for determination of
inhibition type of tested compounds. As shown in Fig. 49, both compounds 2, and 11 showed
non-competitive inhibition since increasing the substrate concentrations resulted in a family of
lines that did not intersect on the y-axis in the Lineweaver-Burk plot (Fig. 49A-B) but
intersected at a non-zero point on the negative x-axis (-K;) in Dixon plots (Fig. 49C-D).
Moreover, from Dixon plots the inhibition constant (K;) values were determined and found to
be 6.59 UM and 3.53 uM for 2 and 8 (Fig. 49C-D), respectively. These K; values were also in
good agreement with 1Cs values (Table 7). The K; value is used to characterize and compare
the effectiveness of an inhibitor relative to K, the binding constant for the substrate. This
parameter is especially useful and important in evaluating the potential therapeutic value of
inhibitors (drugs) of a given enzyme-catalyzed reaction. The lower the K; value, the tighter the
binding generally is, and hence the more effective an inhibitor is. Therefore, the relatively
lower K; values for compounds 2 and 11 indicated that these compounds might be considered

as lead for the development of potential PTP1B inhibitors.

60



100 4

100 1~

® [1]=0pM
o 2uM ® [I]=0uM
80 4 ul
v 4pM 80 o 2uM
A 8uM v 4uM
A 8§uM
60 -
>
2 3
40
0 %ZO
: : o . " : r . . o . . . . . )
1.0 05 0.0 05 1.0 15 2.6 04  -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
1/[S] (mM™) 1/[S] (mM™)
100 100
C ® [S]=1mM D ® [S]=1mM
o 2mMm o 2mm
v 4mM v 4mm
804 X amm 8071 A gmm
m 16mM " 16mM
10 -8 -6 -4 2 0 2 4 6 8 10 -6

Kj value: 6.59 uM [Inhibitor] (uM)

Kj value: 3.53 uM

[Inhibitor] (nM)

Fig. 49. Graphical determination of inhibition mode for the isolated compounds. (A-B)

Lineweaver-Burk plots for the inhibition of compounds 2 and 11 on the PTP1B-catalyzed

hydrolysis of p-NPP. The data are expressed as the mean reciprocal of initial velocity forn =3

replicates at each substrate concentration. (C-D) Dixon plots for compounds 2 and 11

determining the inhibition constant K; The K; value was determined from the negative x-axis

value at the point of the intersection of the five lines. The data are expressed as the mean

reciprocal of initial velocity for n = 3 replicates at each substrate concentration.
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3.4. Growth inhibitory effects of isolated compounds (1-14) against

breast cancer cell lines

Breast cancer is the leading cause of cancer death among women worldwide. However,
as discussed earlier, recent studies showed that PTP1B inhibitors might play an important role
for breast cancer treatment. Hence, based on the interesting results in PTP1B inhibition and
kinetics studies, all isolates (1-14) from C. japonica were evaluated for their growth inhibition
on three breast cancer cell lines, namely MCF7, MCF7/ADR, and MDA-MB-231. 4-
hydroxytamoxifen was used as a positive control. The ICsq values of all tested isolates were
summarized in Table 8. However, as it is shown in Table 8 and Fig. 50, compounds 2, 8, 10,
11, and 13 showed very strong cytotoxicity with ICsy values ranging from 1.19 £ 0.16 t0 8.75 +
0.72 uM, 0.82 + 0.23 to 5.17 + 0.26 pM and 0.51 + 0.05 to 9.32 + 0.62 uM against MCF7,
MCF7/ADR and MDA-MB-231 cell lines, respectively. These results were also comparable
with positive control 4-hydroxytamoxifen (ICs, values ranging from 2.39 + 0.08 to 4.81 + 0.42
pKM). Interestingly, these five compounds also showed very strong PTP1B inhibition, thereby
suggesting that these compounds might exhibit cytotoxicity via PTP1B inhibition. Moreover,
several previous studies on animal model also showed that PTP1B inhibition was responsible
for the amelioration of breast tumorigenesis,®® which further agreed with these results. On the
other hand, the 3,4-seco-oleanane type compounds (3-6) did not show cytotoxicity against any
type of cell line. Similar trend was also observed in PTP1B inhibition assay which also support
the positive role of PTP1B in breast tumorigenesis. Therefore, the oleanane-type triterpenes

from C. japonica as PTP1B inhibitors might be used in breast cancer treatment.
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Table 8. Growth inhibitory effects of isolated compounds (1-14) against breast cancer cell

lines
Cell lines/ ICso (UM)®
Compounds?®
MCF7 MCF7/ADR MDA-MB-231
1 > 30 17.37£0.43 16.92 + 0.65
2 196 £0.11 1.52+0.16 0.98 £ 0.07
3 NA® NA NA
4 NA NA NA
5 NA NA NA
6 NA NA NA
7 > 30 > 30 >30
8 4,95+0.97 2.37 £0.46 9.32£0.62
9 11.56 £ 0.35 7.39+£0.19 3.32+£0.06
10 5.21+0.17 5.17+0.26 431+0.18
11 1.19+0.16 0.82+0.23 0.51+£0.05
12 15.68 £ 0.54 6.48 + 0.37 3.44 £ 0.29
13 8.75+0.72 251+0.16 2.06 £ 0.34
14 13.55+1.44 8.06 £ 0.68 3.15+0.20
4-hydroxytamoxifen® 481 +0.42 2.21+0.20 2.39 +0.08

NA: Not active.

& The purities of compounds for assay were purified by HPLC over 95%.
®\alues are expressed as mean + SD of three replicates.

‘Compounds showed no activity at concentration of 50 pM.

9 positive control.
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Fig. 50. Growth inhibitory effects of isolated compounds against breast cancer cell lines.
Compounds 2, 8, 10, 11, and 13 showed very strong growth inhibition on (A) MCF7 (B)
MCF7/ADR and (C) MDA-MB-231 breast cancer cell lines in a concentration dependent
manner. 4-hydroxytamoxifen was used as positive control in all experiments and also presented
in Table 8. Concentrations of all compounds are displayed on logarithmic scales. The ICg

value was determined from the midpoint (cytotoxic activity = 50%) of the semilog plot.
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3.5. Structure activity relationships

Based on the structure activity relationships, it was observed that, the oleanane-type
compounds (1, 2, and 7-14) (Fig. 6) exhibited both PTP1B inhibitory and cytotoxic activity,
while 3,4-seco-oleanane type compounds (3-6) (Fig. 6) showed neither PTP1B inhibition nor
cytotoxicity. These results indicated that, A ring in the structure of oleanane type-compounds
might have role in inhibitory activity.” Of tested oleananes, compounds 2, 8, 11, 13 and 14
with hydroxy group at C-3 or/and carboxy group at C-28 position showed strong PTP1B
inhibitory activity and significant cytotoxicity against all cell lines (Tables 7 and 8). Recent
studies revealed that 3-OH and 28-COOH are important in determining the pharmacological
activities of pentacyclic triterpenes.”™ Moreover, oleanane triterpenes from other plants with -

OH at C-3 and -COOH at C-28 positions have also been reported for significant PTP1B

88, 92 93, 94

inhibition and cytotoxicity against cancer cell lines, which are in good agreement with
these results. On the other hand, substitution of C-3 hydroxy group by a ketone group in
compounds 1 and 7 reduced the activity considerably in both PTP1B inhibition with ICs
values ranging from 16.23 + 2.19 to >30 pM and cytotoxicity (ICso values ranging from 16.92
+ 0.65 to >30 pM), which was also consistent with the observation in other triterpenoids.®® %
Furthermore, similar effect was also observed in compound 12 as the attachments of ketone
group at C-12 position also reduced both type activities. However, although acetylation of
hydroxy group at C-3 position were reported to reduce activity but in compounds 9 and 10
(Tables 7 and 8) opposite trend was noticed which could be explained by the attachment of -

COOH group at C-28 position.** %
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4. Conclusions

Previous studies on other plants showed that pentacyclic triterpenes have potential as
PTP1B inhibitors. In addition, they have also been reported to possess cytotoxicity against
breast cancer cells. However, there is no report on camellia triterpenes as PTP1B inhibitors
with related cytotoxicity against breast cancer cell lines. In this study, bioactivity guided
isolation resulted in six new (1-6) along with eight known (7-14) oleanane-type triterpenes.
Among all, compounds 3-6 are of 3,4-seco-oleanane type triterpenes and reported for the first
time not only from C. japonica but also from Camellia genus. In PTP1B enzyme inhibition
assay, compounds 2, 8, 10, 11 and 13 showed very strong PTP1B inhibitory potential.
Expectedly, these compounds also exhibited strong cytotoxicity against all breast cancer cell
lines. Moreover, compounds 2 and 11 were found to possess very strong PTP1B inhibition
(non-competitive type) with significant cytotoxicty as compared with positive control.
Therefore, these results suggested that, PTP1B inhibition might be involved in the amelioration
of breast tumorigenesis. However, further extensive studies should be performed to support
these findings. On the other hand, the structure activity relationships revealed that, hydroxy
group at C-3 position or/and carboxy group at C-28 position increased both PTP1B inhibitory
and cytotoxic activity in camellia oleananes while the attachment of ketone group at C-3
position was responsible for decrease in both type effect. Recent observations on some other
triterpenes also agreed with these results. Therefore, based on the above findings, it is
suggested that oleanane triterpenes from C. japonica as PTP1B inhibitors might be considered

as potential anticancer molecules in breast cancer treatment.
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