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CHAPTER1

INTRODUCTION

Cervical cancer is the malignant cancer which occurs within epithelial layers
of cervical mucosa. In the year 2008, cervical cancer is the second most common
cancer in women worldwide, with approximately 529,409 new cases and about
274,883 deaths, and about 86% all cases and death found in developing countries
including Thailand [1]. In Thailand, according to WHO/ICO report in the year 2010
that the age-standardized incidence and mortality rates of cervical cancer in Thai
women is second only to breast cancer and liver cancer, respectively [2]. Nowadays,
It is clearly that persistent infection with high risk human papillomaviruses (HPVs)
are required for the development and maintenance of cervical cancer, since its DNA
is found in almost all cervical cancers (>99.7%) [3, 4]. These cancer-associated with
high risk HPVs, which HPV16 and HPV 18 are found about 70% of cervical
cancers. HPV16 is the most prevalence type approximately 50% of all cervical
cancers worldwide [5, 6].

The major oncogenic HPV proteins E6 and E7 are involved in the
immortalization of target cells by inactivation of two cellular tumor suppressor
proteins, p53 and retinoblastoma (pRb), respectively [7]. The HPV E6-mediated
degradation of p53 result in cell apoptosis disruption, while HPV E7-mediated pRb
degradation result in up-regulate cell cycle process [5, 8]. Then the interaction
leading to induce cell proliferation, immortalization and malignancy transformation
of cancerous cells following HPV infection [9]. However, tumor growth is
angiogenesis dependent, and without angiogenesis tumors remain small (< 1-2
mm”). Lack of oxygen and nutrients supply to cancer cells in tumor center, results in
cell hypoxia and leading to apoptosis and necrosis [10]. Tumor angiogenesis and
neovascularization required vascular endothelial growth factor (VEGF), a key factor
in tumor angiogenesis. Under hypoxic condition, the binding of a transcription
factor Hypoxia-inducible factor-1a (HIF-1a) to VEGF promoter is a major pathway

resulting in the induction of VEGF expression [11].
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The current knowledge demonstrates that VEGF action is actually mediated
through several pathways. Many cell types including tumor-associated stromal cells
and tumor cells produce VEGF, and then acts in both a paracrine and an autocrine
fashion to stimulate VEGF receptors located on endothelial cells and on stromal
cells surface that result to activate neovascularization around tumors [12-14]. The
highly expression of VEGF mRNA have been found in cervical lesion from
localized cervical epithelial neoplasia (CIN) to invasive and metastatic cervical
carcinoma [15, 16], and also associated with the increment of microvascular density
(MVD) [17, 18]. Moreover, the same evidence has also been found in squamous
CIN and invasive cell carcinoma of the cervix [19-22]. It is to be certain that VEGF
exhibits a potent angiogenic effect for carcinogenesis, progression and metastasis of
cervical cancers [14, 23, 24].

The mechanism of VEGF regulation in HPV-associated cervical cancer has
been demonstrated in many ways such as, the up-regulation of VEGF expression
occurs consequently the down-regulation of p53 via ubiquitin proteosome
degradation induced by high risk HPV E6 protein [25]. Moreover, in HPV16-
positive cervical cancer cells, both critical HPV E6 and E7 proteins can induce
VEGF expression via trigged VEGF promoter directly [26, 27] and also mediated
through enhance hypoxia-inducible factor lo (HIF-la) protein expression [28].
Furthermore, HPV E7 may be involve in the up-regulation of VEGF expression via
c-myc pathway [29]. These provide rationale for the HPV-associated tumor
angiogenesis in cervical cancer.

Clearly, tumor angiogenesis is pivotal in cervical cancer disease and a
rational target for therapy, that current chemotherapy treatment of cervical cancer
use anti-angiogenesis agent, one of the first line drug is bevacizumab acts via
binding and activation of VEGF resulting cervical tumors shrink and delay tumor
progression. However, this agent still being study in a Gynecologic Oncology Group
(GOG) phase IIT trial [30]. In other choice, HPV E6 and E7 oncoproteins may be
ideal molecular targets for the treatment and prevention of cervical cancer. As a
result of interfering the HPV E6/E7 activity, the stabilization and accumulation of
active p53 protein induce cell cycle arrest or apoptosis and may be down-regulated
VEGF expression that inhibits tumor growth consequently. Moreover, disruption of

HPV E6 promoting VEGF-dependent angiogenesis can inhibit the growth and



development of cervical cancers [26-28]. Although, there are many
chemotherapeutic or anti-angiogenic drugs for treatment of cervical cancer, it mostly
causes of weakness in patients due to its toxicity. Therefore, traditional plants were
considered as an important potential source for the treatment of cancer, that may be
more safety to the normal cells.

During the last decade, there have been many reports of antitumor potential
of Thai medicinal plants, Acanthus ebracteatus Vahl. (Acanthaceae family) or
Ngueak pla mo (Thai name), which is the one of many folk medicinal plants used
against cancer disease in Ayurveda. Since A. ebracteatus Vahl. and other species
Acanthus ilicifolius Linn. have similar therapeutic effects, they are used
interchangeably in Thai folkloric medicine. Pharmacological researches of this plant
and its species had shown many bioactivities, including immunopotentiating effect
[31], hepatoprotective and antioxidative [32], antimutagenicity and anticarcinogenic
[33-35], and anti-inflammatory [36]. This plant composes of high chemical
constituents of alkaloids, flavonoids [37], tritepenoid [38], quanternary amino acid
[39], and polysaccharide [40]. Previous isolations of active compounds of this plant,
sulphur, stigmasterol, B-sitosterol, lupeol, polysaccharide, megastigmane, aliphatic
alcohol, and six benzoxazinoids glycoside had been reported [41, 42]. However, the
active chemical constituents of 4. ebracteatus Vahl. that exhibit antitumor effects

have not been isolated and the exact mechanism still remained unclear.

Interestingly, the extract and isolated compounds from 4. ebracteatus Vahl.
and Acanthus spp. increased life span and survival rate, delayed on set of
carcinogenesis, inhibited hepatocarcinogenesis, against tumor progression,
decreased tumor growth in experimental animals [41, 43-45]. In addition, its extract
and some bioactive compounds, [-sitosterol, stigmasterol, Lupeol, and
benzoxazolines-2-one had cytotoxic effects to some kind of cancer cells [33, 46, 47].
Furthermore, Phisalaphong and co-workers have demonstrated that the aqueous and
nanofiltration-desalted extract of A. ebracteatus Vahl. had anti-proliferative effect

on human cervical carcinoma HeLa (HPV18-positive) cell lines [48].

However, the antitumor effect of 4. ebracteatus Vahl. has not been studied

in HPV16-positive cervical carcinoma cells. Moreover, there is still no experimental
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data for inhibitory effect of this plants on tumor angiogenesis, especially, using
cervical carcinoma implanted nude mice model together with the visual ability of
intravital fluorescence microscopic technique. Therefore, the present study was the
first investigation of the effects of aqueous crude extract of A. ebracteatus Vahl. on
tumor angiogenesis and on tumor growth in human cervical carcinoma cell
implanted nude mice and study the effects of aqueous crude extract A. ebracteatus
Vahl. on cervical cancer apoptotic index, p53 and angiogenic biomarker VEGF

expression.

Research questions

Can the aqueous crude extract of A. ebracteatus Vahl. inhibit tumor
angiogenesis and tumor growth in human cervical carcinoma implanted nude mice?

Whether its mechanism(s) related to tumor biomarkers, VEGF, and p53 or not?

Research objectives

1. To investigate the effects and mechanism of the aqueous crude extract A.
ebracteatus Vahl. on angiogenesis in cervical carcinoma implanted nude mice

model by using intravital fluorescence confocal laser scanning microscopy system.

2. To examine the effects of the aqueous crude extract of A. ebracteatus

Vahl. on angiogenic biomarker VEGF.

3. To examine the effects of the aqueous crude extract of A. ebracteatus

Vahl. on tumor growth.

4. To determine whether the aqueous crude extract of A. ebracteatus Vahl.
inhibits tumor growth by increasing cervical cancer cell apoptosis due to the

stabilization and accumulation of active p53 protein.

Hypothesis
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The aqueous crude extract of A. ebracteatus Vahl. can inhibit tumor growth

by inhibiting angiogenesis and/or directly inducing cancer cell apoptosis.

CHAPTER 11

LITERATURE REVIEWS



Cervical cancer

Cervical cancer is a malignant tumor that occurs in the tissue of uterine
cervix or cervical area. It may begin as asymptomatic pre-cancerous lesions and
develops into invasive cancer over many Yyears. According to World Health
Organization (WHO), cervical cancer is the second most common cancer in women
worldwide, with an estimated 529,409 new cases and 274,883 deaths in 2008, and
approximately 86% of patients and death found in developing countries [2]. In Asia,
the highest incidence of cervical cancer is in India, which an age-standardized rate
(ASR) is 19.5 per 100,000 woman per year, and highest mortality rate is 17.43 per
100,000 woman per year. Furthermore, 125,952 new cases of cervical cancer are
diagnosed annually, that about 1 of 4 of overall cervical cancer patients worldwide
[49].

In South-Eastern Asian country, Cambodia has a highest incidence of
cervical cancer (ASR=27.4 per 100,000 per year), followed by Myanmar, Thailand
and Laos with ASR are 26.4, 25.5, and 22.1, respectively (Figure 2.1).
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Figure 2.1 Age-standardized incidence rate (ASR) of cervical cancer in counties of
South-Eastern Asia. (IARC, 2008; cited by WHO/ICO Information Centre on HPV
and Cervical Cancer, 2010)[2].

In Thailand, Parkin has reported in year 2002 that cervical cancer is the most
common cancer and the third cause of death among Thai women [50]. In the year
2010, WHO has reported the crude incidence rate of cervical cancer is 29.2 per

100,000 woman of all ages in Thailand, which ranked second to breast cancer (crude
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incidence rate 36.7 per 100,000) compared to all over cancer types [2]. However, the
cervical cancer age-standardized incidence rate is 19.5 per 100.000 per year, which
is the most cancer found in woman in Thailand, followed by breast cancer and liver

cancer (Table 2.1) [49].

Table 2.1 Age-standardized incidence rate (ASR) of over all cancers in Thai

woman.

Age-standardized incidence rate

Cancer types (per 100,000 and year)

Cervical cancer 19.5
Breast cancer 17.2
Liver cancer 16.0
Lung cancer 10.0
Colorectal cancer 7.3
Ovarian cancer 5.2

(IARC, 2008, cited by WHO/ICO Information Centre on HPV and Cervical Cancer,
2010)[2].

Human papillomavirus and Cervical cancer

It is now clear that persistent infection with human papillomaviruses (HPVs)
are required for the development and maintenance of cervical cancer, and the high-
risk HPV DNA was found in almost all cervical cancers (>99.7%) [3, 4]. These
HPVs- associated cervical cancer are classified as high-risk HPV types, and HPV16
and HPV 18 are responsible for about 70% of cervical cancers. HPV16 is the most
prevalent high-risk HPV in the general population, and is responsible for

approximately 50% of all cervical cancers [5, 6].

Human papillomaviruses (HPVs), a group of oncogenic small DNA virus
belongs to the Papillomaviridae family [51]. HPVs particles contain of 8,000 base-
pairs (bps) in length of a circular dsDNA which are enveloped with a capsid protein.

The viral genome is separated into three functional regions such (i) long control
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region (LCR) is a non-coding upstream regulatory region, (ii) an early region
consisting of open reading frames (ORFs) El, E2, E4 - E7, which encode for early
proteins necessary for viral replication and oncogenic activity, (iii) late region,
which encodes for two viral envelope proteins, major capsid protein (L1) and minor
capsid protein (L2). All genes are responsible for regulation of gene expression,

replication, and its packaging into virus particles [6].

HPVs perfectly adapt to the environment of the host cervical mucosa, and
induce the transformation of cervical epithelial cell [52]. The viral life cycle initiates
when viral particles infect into the basal cells of cervical epithelium through micro
abrasions or trauma. HPV life cycle can be separated into two stages. First one is the
nonproductive stage of early infection that viral genome maintain in form of
episome by E1 and E2 activities. HPV DNA can be divided into two daughters by
basal cell division, and one cell remains locate in basal layer or stem cell
contributing a latent infection, while the other one is pushed and differentiate up to
the supra-basal layer. Second stage is the productive, viruses replicate and
amplifies its genome to higher copy number, expresses L1 and L2 gene for
producing capsid protein in this supra epithelial layer, and for releasing as mature

viral particles into the cervical area environment [53].

The current concept of mechanism of HPVs induce cervical carcinogenesis is
that during the line of viral infection, the viral genome becomes integrated into the
host DNA randomize [54, 55]. When viral genome integration occurs, result in
disruption of the viral E2 gene that leading loss of control over expression of viral
oncoproteins E6 and E7. E6 and E7 viral oncoproteins are critical molecules in the
process of virus replication, which by interaction with a number of cellular proteins.
Both oncoproteins interfere with functions of tumor suppressor proteins which
regulate cell cycle and cell apoptosis, resulting in initiate pre-cancerous lesions and

cancer [56].

Binding of E6 oncoproteins to host p53 tumor suppressor protein via the E6-
Ap protein causes facilitates p53 degradation through the ubiquitin proteolytic
pathway [57]. As a result of decreases the half-life of the p53 protein in infected

cells, and p53-mediated cell cycle control is lost [58]. As a consequence, loss of p53
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protein, these effective allow DNA-damaged cells to continue dividing without
checkpoint controls, and hence, obstruction of p53 function can initiate
carcinogenesis and formation of malignant tumors, the over expression of E6 and E7
proteins enable uncontrolled proliferation of infected cells through activates cellular
cyclin E and A [59, 60] and then allow immortalization and malignancy
transformation of cells [61]. While E7 protein binds to the cellular tumor suppressor
protein retinoblastoma (pRb) and interfere pRb function by inhibition of pRb and
E2F interaction, it will trigger the expression of proteins necessary for DNA
replication [9, 62]. During tumor progression, the viral genomes often integrate into
the host chromosome, which results in a constant level of E6/E7 proteins via
stabilization of the mRNA, accumulation of oncogene mutations, further loss of cell-

growth control, and ultimately cancer [63].
P53 status in cervical cancer

As described above, cervical cancer which presents of high risk HPVEG6
protein induced the cellular ubiquitination-proteolytic system accelerated loss of p53
protein. Furthermore, viral genome E6 and E7 express continuously to maintain
cells transformed phenotype, however, p53 gene was still functional as wide-type
p53 in HPV-positive cervical cancer cell lines [64, 65]. Level of E6 has p53-
dependent to be equal to p53-dependent anti-apoptotic properties [66]. Certainly,
disruption of HPV E6 protein expression or blockage HPVEG6 activity results in
activation of cell apoptosis due to increase in p53 levels [67, 68]. Likewise, an anti-
sense will down-regulate E6-AP expression, or catalytically inactive of E6-AP
mutant, which could accumulate p53 in HPV-positive cell [69, 70]. Additionally,
Deng and co-workers (2006) have provided evidence showing that a traditional
Chinese herb medicine (TCM), Yigan Kang (YGK) could restore a normal p53
tumor suppressor protein in HeLa-HPV18-positive cervical cancer cells, this
evidence has been correlated with repression of transcription of E6 oncoprotein [71].
Although, a slightly increased the apoptotic cell death found in this study, however,
this herb has also showed the effect on inducing reversion of the tumorigenic
phenotype, with YGK-treated HeLa cells implanted SCID mice showed much less
aggressive tumor growth than untreated. Thus, the down-regulation of viral E6/E7

genes might be direct effect to inhibition of invasive cervical cancer [72]. Therefore,
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drugs or compounds that effect to suppress HPVE6 oncoproteins expression or
interfere E6-AP activity may possible being use for treatment in cervical cancer

disease.

Tumor angiogenesis and cervical cancer development

Angiogenesis is a critical factor concerned in the development and
progression of cancer that occurs almost in solid tumors, including in cervical
cancer, as adaptation of cancer mass and its growth away from the exiting blood
supply. The rapid proliferation and increased oxygen consumption of tumor cells
lead to the formation of a hypoxic microenvironment that is believed to be the
primary regulator of angiogenesis [73]. The oxygen tension of tumor tissue dropped
below physiologic levels needed for oxidative metabolism [13]. An important of
pro-angiogenic signaling occurs in response to hypoxic condition. This condition
HIF-1a protein accumulated when tumor growth beyond 1-2 mm’, needed more
oxygen and nutrients and became hypoxic tumor cells, is strictly dependent on
angiogenesis. In normoxia conditions, HIF-la is continuously degrade by the
ubiquitin-proteasome pathway [74]. Under hypoxic conditions, HIF-la subunit
translocated into the nucleus, where bind with HIF-1p subunit. As consequence, an
active HIF-1 complex acts as a transcription factor enable up-regulation of growth
factors including VEGF. The induction of VEGF gene expression by hypoxia in
tumor cells involves both an increase in the rate of gene transcription, mediated by
the transcription factor HIF-1a [75], and enhancement of the stability of VEGF
mRNA [76].

Mechanisms of tumor angiogenesis

Angiogenesis is a complex process relates between cells, soluble factors, and
ECM components. The structuring of a neovascular network needs various events

including [77] :
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1. Endothelial cells (ECs) and pericytes activation by changes of cells
morphology for proliferation and secretion, local vasodilatation, increased vascular

permeability, accumulation of extravascular fibrin
2. Basement membrane degradation by proteases
3. Sprouting of ECs by migration in to the interstitial space
4. ECs proliferation
5.  Lumen formation
6. Generation of new basement membrane with the recruitment of pericytes

7. Fusion of the newly formed vessels
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Figure 2.2 Process of tumor angiogenesis (Modified from Klagsbrun and

Moses, 1999) [78].

As described above, sprouting-type angiogenesis is a key event in cervical
cancer neovascularization. The regulation of angiogenesis in cervical cancer is
mainly through hypoxic-mediated angiogenic pathway. However, the mechanism of
angiogenesis in HPV-positive cervical cancer is relates to the dysregulation of wild-
type p53 tumor suppressor protein that causes of pro-angiogenic factors activation

including up-regulation of VEGF expression [25]. Furthermore, the interruption of
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p53 function, E6 viral protein has been shown to increase the induction of HIF-1

independently, thus increasing VEGF in the other ways [79].

Angiogenesis is an important phenotype in cervical cancer. Numerous
studies have assessed angiogenesis in cervical cancer lesion as an independent
prognosis marker for the disease. Almost a decade later, a lot of report that analysis
of angiogenesis biomarker using immunohistochemistry was performed on cervical
tumor  specimens. The  microvascular density was measured by
immunohistochemistry staining for CD31, a non specific endothelial marker, in all
stage of cervical cancer patients. Previous studies have shown that increased
angiogenesis evaluated by MVD from CD31 staining was correlated with the grade
of high-grade cervical intraepithelial neoplasm (CIN), a premalignant lesion of
cervical cancer [20, 80]. Similarly, the highly density of micro vessel has been found
in lesion of cervical epithelial neoplasia (CIN I-I1I) [18], early invasion (stage Ib-
IIb) [17, 23], invasive and metastatic stage in cervical cancer [15, 16]. In addition,
squamous CIN and invasive cell carcinoma of the cervix have also found increasing
of MVD [19-22].

Clearly, angiogenesis is central to cervical cancer development, progression
and prognosis, thus angiogenesis is pivotal in this disease and a rational target for
therapy. Prominent roles of angiogenesis in cervical cancers are directly related to
HPV induce p53 dysregulation and stabilization of HIF-1a, both of which result in
the up-regulation of VEGF.

Role of VEGF in cervical cancer development

VEGF is the main growth and survival factor for endothelial cells (ECs)
which is necessary for vascular development [81, 82]. VEGF is a 40 to 45 kDa
homodimeric protein which produced by a wide variety of cells and majority tumor
cells. The VEGF family compose about six isoforms, and VEGF-A is the most
important pro-angiogenic factor. Different isoforms of VEGF have been identified
sharing ordinary receptors : VEGFR-1 or Flt-1, VEGFR-2 or KDR/Flk-1 and
VEGFR-3 or Flt-4. Both VEGFR-1 and VEGFR-2 are located on ECs which
function in cell proliferation, survival and migration. VEGF acts via paracrine

mechanism to stimulate ECs that have abundant VEGF receptors (VEGFR), and also
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acts in an autocrine fashion to stimulate VEGFR located on stromal cells surface
[12-14].

VEGF or vascular permeability factor (VPF), is a heparin-like angiogenic
growth factor. VEGF is a potent angiogenic factors which found in almost kinds of
tumor, and play an important role in tumor angiogenesis. The main functions of
VEGTF include activation of ECs proliferation, increasing the vascular permeability
and ECs migration toward tumor cells that result in generating neovascularization
around tumors. Numerous studies have demonstrated that the expression of VEGF
mRNA correlates with MVD of tumor tissue, and it is an important prognosis
marker for differing human cancers, including cervical cancer [83]. The major
mechanism of the regulation of VEGF expression mediated via Hypoxic response
mechanism. In addition, there are many factors that involve in regulation of VEGF
expression such as hormones, growth factors, oncogenic proteins, and tumor
suppressor proteins [11]. According to numerous factors as mentioned, HPV
oncoproteins play as causative agent of cervical cancer that may be one of the
critical factors regulate the VEGF expression in cervical neoplasia. The up-
regulation of VEGF and subsequent angiogenesis occurred, resulting from either
blockage of p53 induction following DNA damage or increasing of p53 degradation
[25]. Additionally, increasing VEGF expression had been found in experiment
models of interfering of p53 function by HPVE6 oncoprotein, result in accumulation

of HIF-1a expression [79].

Moreover, many previous studies have showed that high risk HPV E5,E6, E7
oncoproteins activate VEGF promoter directly, resulting in VEGF up-regulation [26,
27, 84]. Furthermore, the up-regulation VEGF expression has also mediated through
accumulation of HIF-la in HPV16-positive cervical cancer cells [28]. Several
studies have reported the correlation between HPV viral titer and the expression of
VEGEF in CIN [85], that support the idea that the inactivation of p53 by E6 viral
protein is involve in the regulation of VEGF expression [86]. Regarding all reports,
HPV oncoproteins play an important role in the regulation of VEGF expression and

angiogenesis in cervical cancer.

Acanthus ebracteatus Vahl.
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A. ebracteatus Vahl. is one of the fourteen globally semi-mangrove plants,
which is a member of the genus Acanthus in Acanthaceae family (Table 2.1) [87].

The vernacular names of this plant are difference among various countries such as;
English: Sea holly
Malaysia: Jeruju Hitam, Jeruju, Beruju, Chakar Bebak
Indonesia: Jeruju, Daruju (Java), Juruju (Sumatra)
Philippines:  Kollil (Palauan), lagiwliw, ragoyroy (Dalangdang-Zambal)
Vietnam: Oro
Cambodia:  Trohjiekcragh pkapoe sar, Trohjeikcragn slekweng

Thailand: Ngueak pla-mo, Ngueak plaamo dok muang, Nam-mo, Naagh
Plamoh, Ja Kreng (Pattani province) [88]

Table 2.2 The family and species of the semi-mangrove plants

Family Species

1. Acanthaceae Acanthus ebracteatus Vahl.
Acanthus ilicifolius Linn.
Acanthus volubilis

Acathus xiamenensis

2. Euphorbiaceae Excoecaria agallocha
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Excoecaria indica

3. Lythraceae Pemphis acidula

4. Palmae Mauritia flexuosa
Nypa fruticans
Phoenix paludosa

Oncosperma tigllarium

5. Sterculiaceae Heritiera littoralis
Heritiera fomes

Herittiera globosa

The synonyms of this plants are Acanthus ilicifolius Lour. and Dilivaria
ebracteatus Pers. [89, 90]. This plant is commonly found in South-East Asia to
northern Australia especially in east coast of Peninsular Malaysia, but less common
in Indonesia. In Thailand, 4. ebracteatus Vahl. is commonly distributed in the
mangrove of brackish water canal or wetlands of seaside. This plant is well grown in
tropical and subtropical area, where the water temperature is higher than 24 °C in

the summer season and the annual rainfall more than 1,250 mm [87].

This plant is an erect herbaceous with woody material only seen in older
branches. The stem is green to dark brown to black color and the armed with
numerous spines. It can grow up to 1.5-2 meters tall, scarcely branched, with
adventitious aerial roots. The leaves resemble those of holly with the leaf blade
being dark green, stiff and deeply lobed oblong, 12-20 cm x 3-5 cm; spike up to 10
cm long. The apex of the lobes each has a sharp spine. Theirs flower are bracts ovate
in terminal or axillary spikes of about 10 cm long with several flowers, bracteoles
early caduceus, calyx lobes ovate, corolla lobe elliptical-oblong, 2.5 cm x 2 cm,
white color but rarely pale blue color. 4. ebracteatus Vahl. is gregarious and very
common in tidal rivers. The fruit is a square-shape capsule which explodes when
ripe and projecting the seeds measure up to 2 m from the plant, and the seeds are

off-white and flat [90, 91].
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Figure 2.3 Acanthus ebracteatus Vahl. (From http://www.tropicalplantbook.com)

Traditional use of 4. ebracteatus Vahl.

Many countries in Asia, 4. ebracteatus Vahl. has been used as folk medicine
for a wide range of tropical diseases in Ayurveda. In India, whole plants are used as
astringent, expectorant and stimulant, the roots are used as a cough remedy, the

tender shoots and leaves are used as a snake-bite cure [92].

In Malaysia, its leaves and the boiled seeds are commonly used as an
ingredient of a cough medicine and the seeds are also used for poulticing boils, or
the decoction is drunk against boils [90, 93]. Two or three seeds are used to treat
intestinal worms in children [89, 93]. The juice from leaves are used for preventing
the hair loss. For snake-bite, the roots are used against snake venom in immediately,
and the fruit pulp is used to poultice snake-bite wounds in Kalimantan. In addition,

the roots are used to treat Herpes Zoster [89].

In Indonesia, the roots are used to poultice the wound that enhance the
wound healing. In addition, the roots and ground ginger are taken together to salve
the flatulence and treat the colic disease. A poultice may be used to relieve

rheumatic pain, and in sometime the stems and leaves are used as purgative [89].
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In Philippines, the leaves and roots boiled are used in the form of a decoction
against asthma [89]. The roots are applied with boiled milk, is commonly used in

leucorrhea and tonic drinks.

In Vietnam, whole plants are used as diuretic agent, the root used to treat

paralysis [89].

In Burma, the shoots may be used against snake venom, and the leaves are

used to treat the rheumatism [89].

In China, the stem and roots are useful against hepatomegaly, hepatitis, as

anticancer such as lymphoma, coughs, chronic fever, paralysis and asthma [93, 94].

In Thailand both genus of Acanthus spp., Acanthus ebracteatus Vahl. and
Acanthus ilicifolius Linn. have been used in the same way as traditional medicine,
the plant is used as a purgative and anti-inflammatory in arthritis [36]. The whole
plant is boiled in water for bath in order to heal rash and skin diseases. The fresh
plant is crushed and applied as a poultice in boils or taken orally as depurative. The
fruits are taken orally to ease menstrual disorder [95]. It has been also reported that
its leaves dispensed with pepper (Piper nigrum L.) can be used as tonic pills for

longevity [90].

The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn.

The biochemical constituents of A. ebracteatus Vahl. and its species, A.
ilicifolius Linn. have been investigated. From the year 1955 to 2009, many reports
demonstrated that A. ebracteatus Vahl. and A. ilicifolius Linn are composed of high
biochemical constituents of alkaloids, flavonoids, aliphatic glycosides, lignans
glycosides, megastigmane glycosides, phenylpropanoids, phenylethanol glycosides
[37, 38, 42, 46, 96-99], tritepenoids [38, 41, 100], sterols [41, 46, 100, 101],
quanternary amino acid [39], polysaccharides [40, 41], adenosine [96], sulphur [41],
octacosyl alcohol [46], and ilicifolioside B [35]. The biochemical compounds which

found in A. ebracteatus Vahl. and A. ilicifolius Linn are shown in Table 2.2.
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Alkaloids Alkaloids isolated from A. ebracteatus Vahl. and A. ilicifolius
Linn. can be classified into three types, pyridines, benzoxazolinones, and
benzoxazin-3-ones [87]. Now a day, two pyridine, three benzoxazolinone, and eight
benzoxazin-3-one alkaloids have been found in A. ebracteatus Vahl. and A.

ilicifolius Linn. as shown in Table 2.2.

Flavonoids Ten flavonoids have been reported from A. ebracteatus Vahl.
and A. ilicifolius Linn., one flavone, five flavones-O-glycoside, and three flavones-

C-glycoside as shown in Table 2.2.

Aliphatic glycosides Five aliphatic glycosides, ebracteatoside B,
ilicifolioside B, ilicifolioside C are aliphatic triglycoside, while ebracteatoside C and
ebracteatoside D are aliphatic diglycosides have been isolated from A. ebracteatus

Vahl. and A. ilicifolius Linn. as shown in Table 2.2 [35, 42, 102].

Lignan glycosides Eleven lignin glycosides have been isolated from A.
ebracteatus Vahl. and A. ilicifolius Linn., and can be categorized into four types,
cyclolignans, 2,4-diaryl tetrahydrofuranoid lignans, 2,5-diaryl tetrahydrofuranoid
lignans and bisepoxylignan glycosides as shown in Table 2.2 [37, 38, 42, 96, 103].

Megastimane glycosides Seven megastigmane glycosides have been
reported from A. ebracteatus Vahl. and A. ilicifolius Linn. as shown in Table 2.2

[35, 42, 104].

Phenolic glycosides Seven phenolic glycosides have been isolated from A.

ebracteatus Vahl. and A. ilicifolius Linn. as shown in Table 2.2 [42, 102, 104].

Phenylethanol glycosides Twelve phenylethanol glycosides have been
reported from A. ebracteatus Vahl. and A. ilicifolius Linn. as shown in Table 2.2

[42, 96, 102, 105].

Triterpenoid Six triterpenoid glycosides, one triterpenoidal saponin [38],
and five pentacyclic triterpenes, B-amyrin, a-amyrin, oleanolic acid, ursolic acid
have been isolated from A. ilicifolius Linn., while lupeol have been reported from

both A. ilicifolius Linn. and 4. ebracteatus Vahl. as shown in Table 2.2 [41, 100].
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Sterols Seven sterols, cholesterol, camptoaterol, 28-Isofucosterol,
stigmasterol-B-p-glucopyranoside, and stigmast-7-en-3B-ol have been reported from
A. ilicifolius Linn. [46, 100, 101], while stigmasterol and B-sitosterol have been
isolated from A. ilicifolius Linn. and A. ebracteatus Vahl. as shown in Table 2.2 [41,
100, 101].

Polysaccharides  Bioactive  polysaccharides, neutral and acidic
polysaccharides fractions have been reported in the extract from the stem of A.

ebracteatus Vahl. [40, 41] (Table 2.2).

Miscelleneous Sulphur and quanternary amino acid have been found from
A. ebracteatus Vahl. [39, 41], while octacosyl alcohol, adenosine, and iliciliosides B

have been reported from A. ilicifolius Linn [46, 96, 102]) (Table 2.2).

Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn.

Chemical Category Bioactive compounds
constituents
Alkaloids Pyridines Trigonellin® [37]
Acanthicifoline”

(5-methoxy-1-methyl-2,4-dihydro-1H-2,7-
naphthyridin-3-one) [37]

Benzoxazolinones | 2-Benzoxazolinone (BOA)® [46, 97, 99, 106]

5,5°bis-benzoxazoline-2-2’-dione” [107]

Benzoxazolinone glucosideb [108]

benzoxazin-3- Blepharin (HBOA-Glc)*

ones
(2R)-2-0O-B-p-glucopyranosyl-2 H-

1,benzoxazin-3(4H)-one [42, 46, 99]
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(2R)-2-O-B-p-glucopyranosyl-4-hydroxy-
2H-1,4-benzoxazin-3(4H)-one (DIBOA-
Glc)° [42, 46]

(2R)-2-O-B-p-glucopyranosyl-7-hydroxy-
2H-1,4-benzoxazin-3(4H)-one (DHBOA-
Gle)® [42, 46, 109]

7-chloro-(2R)-2-O-B-p-glucopyranosyl-2 H-
1,4-benzoxazin-3(4H)-one” [42, 46, 109]

7-chloro-(2R)-2-O-B-p-glucopyranosyl-4-
hydroxy-2H-1,4-benzoxazin-3(4H)-one (7-
CI-DIBOA-GIlc)" [42, 104]

(2R)-2-O-B-p-glucopyranosyl-5-hydroxy-
2H-1 ,4-benzoxazin-3(4H)-oneb [46, 104]

2,6-dimethoxy-p-hydroquinone 1-O-§-
glucopyratnosideb [104]

Flavonoids

Flavone Syringic acid p-glucopyranosyl ester” [104]
Flavone-O- Quercetin® [38]
glycosides

Quercetin 3-O-B-p-glucopyrannoside’[37]

Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn. (continued)

Chemical Category Bioactive compounds
constituents
Flavonoids Flavone-O- Apigenin-7-O-B-p-glucuronide® [42, 110]
glycosides — .
Methylapigenin-7-O-B-p-glucuronate
[110]
Luteolin-7-O-B-p-glucuronide® [42]
Apigenin-7-O-glucuronide® [110]
Flavone-C- Acacetin 7-O-rutinoside” [35]
glycosides
Schaftoside® [42]
Vecenin-2 (VCN-2)" [42]
(Apigenin 6,8-di-C-glucoside)
Vitexin® [35]
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Aliphatic Aliphatic Ebracteatosides C*
glycosides diglycoside
(6R)-7-octene-1,6-diol 6-O-f-p-
glucopyranosyl-(1—2)-O-[-p-
glucopyranoside [42]
Aliphatic Aliphatic Ebracteatosides D*
glycosides diglycoside
(6R)-7-octene-1,6-diol 6-O-f-p-
xylopyranosyl-(1—6)-O-[-p-
glucopyranoside [42]
Aliphatic Ebracteatosides B*
triglycosides

(3R)-1-octene-3-0l-3-O-B-p-
xylopyranosyl-(1°""—6")-O-[-b-
glucopyranosyl-(1°’—2"")]-O-B-b-
glucopyranoside [42]

Iicifolioside B® [102, 111]

Iicifolioside C°[102, 111]

Note The chemical constituents were isolated from A. ebracteatus Vahl.
llicifolius Linn. (b), or both species (c).

(a), 4.
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Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn. (continued)

Chemical
constituents

Category

Bioactive compounds

Lignans
glycosides

Cyclolignan
glycosides

(+)-lyoniresinol 3a-O-B-p-
glucopyranoside® [37, 38, 42]

(-)-lyoniresinol 3a-O-B-b-
glucopyranoside® [37, 38, 42]

Acanfolioside®

((+)-lyoniresinol 3a-[2-(3,5-dimethoxy-
4-hydroxy)-benzoyll]-O-p-
glucopyranoside) [96]

(+)-lyoniresinol 3a-O-a-b-
galactopyranosyl-(1—6)-O-f-p-
glucopyranosideb [112]

(+)-lyoniresinol 2a-O-0-p-
galactopyranosyl-3a-O--p
glucopyranosideb [112]

2,4-diaryl
tetrahydrofuranoid
lignans

Alangilignoside C° [96]

(8R,7°S,8°R)-5,5'-
dimethoxylariciresinol 4’-O-B-p-
gludopyranoside® [38, 42]

Dihydroxymethyl-bis(3,5-dimethoxy-4-
hydroxyphenyl) tetrahydrofuran-
9(or9’)-O-B-glucopyranosideb [96]

Bisepoxylignan
glucosides

(+)-syringaresinol-O-p-p-
glucopyranosideb [96]

(+)-syringaresinol-O-f-p-apiofuranosyl-
(1—52)-O-B-p-glucopyranoside” [42]

Magnolenin C* [42]

Note The chemical constituents were isolated from A. ebracteatus Vahl. (a), A.

llicifolius Linn. (b), or both species (c).
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Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn. (continued)

Chemical
constituents

Category

Bioactive compounds

Megastigmane
glycosides

(6R,7E,9S5)-9-hydroxy-megastigman-
4,7-dien-3-one-9-0O-B-b-
glucopyranosideb [35]

(6S,7E,95)-6,9-dihydroxy-
megastigman-
4,7-dien-3-one-9-O-f-p-
glucopyranoside "[35]

(6R,7E,9R)-9-hydroxy-megastigman-
4,7-dien-3-one-9-O-B-p
glucopyranosideb [35]

Sesquiterpenoids

(Megastigmane
glycoside
derivative)

Plucheoside B® [42, 96]

Alangionoside C* [42]

Premnaionoside” [42]

Ebracteaoside A° [42, 96]

Phenolic
glycosides

(Phenylpropanoid
glycosides)

2,6-dimethoxy-p-hydroquinone 1-O-3-
p-glucopyranoside® [96]

Syringic acid O-f-p-glucopyranosyl
ester” [96]

Zizybeoside I

(Benzyl alcohol 7-O-B-p-
glucopyranosyl-(1—2)-O-p-b-
glucopyranoside) [42]

Isoverbascoside® [42]

Verbascoside®[38, 42]

(Z)-4-coumaric acid 4-O-B-b-
glucopyranosideb [99, 102,[102]

(Z)-4-coumaric acid 4-O-p-p-
apiofuranosyl-(100—20)-O-B-p-
glucopyranosideb [102]

Note The chemical constituents were isolated from A. ebracteatus Vahl. (a), A.

llicifolius Linn. (b), or both species (c).
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Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn. (continued)

Chemical
constituents

Category

Bioactive compounds

Phenylethanol
glycosides

Acteoside®[42, 102, 105]

Isoacteoside® [42]

Phenylethyl-O-B-p-glucopyranosyl-
(1—2)-B-p-glucopyranoside® [42]

Cistanoside F* [99, 102]

Isocistanoside F° [99, 102]

Cistanoside E° [42]

Campneoside I [42, 102, 105]

Campneoside II°
(B-hydroxyacetoside) [42, 96]

Phenylethanol
glycosides

licifoliosides A° [42, 102, 105]

Hicifoliosides D° [42, 102, 105]

Leucosceptoside A°[42, 102, 105]

Martynoside (MAR)[42, 102, 105]

Triterpenoids Triterpenoids

Saponin”

[a-L-arabinofuranosyl-(1—4)-p-b-
glucuronopyranosyl(1—3)]-3p-hydroxy-
lup-20(29)-ene [38]

Pentacyclic
triterpenes

Ursolic acid® [100]

Oleanolic acid’ [100]

B-Amyrin® [100]

o-Amyrin® [100]

Lupeol[41, 100]

Note The chemical constituents were isolated from A. ebracteatus Vahl. (a), A.

licifolius Linn. (b), or both species (c).
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Table 2.3 The biochemical composition of Acanthus ebracteatus Vahl. and

Acanthus ilicifolius Linn. (continued)

Chemical Category Bioactive compounds
constituents
Sterols Cholesterol® [100, 101]

Campesterol” [100, 101]

Stigmaterol®[41, 100, 101]

B-Sitosterol® [41, 100, 101]

28-Isofucosterol’ [41, 100, 101]

Stigmasteryl-B-p-glucopyranoside® [46]

Stigmast-7-en-3B-ol” [97]

Polysaccharides Pectin polysaccharides® [40, 41]

Miscelleneous Sulphur® [41]

quanternary amino acid® [39]

Octacosyl alcohol” [46]

Adenosine” [96]

Iicifoliosides B®[102]

Note The chemical constituents were isolated from A. ebracteatus Vahl. (a), A.
licifolius Linn. (b), or both species (c).

Biological activities of A. ebracteatus Vahl. and A. ilicifolius Linn.

Bioactivity studies of the extracts from Acanthus spp., A. ebracteatus Vahl.
and A. ilicifolius Linn. have been reported many biological activities, including
larvicidal activity [113], antivirus [33], antibacterial and antimicrobial [114, 115],
improve wound closure [116], immunopotentiating effect [31], anticarcinogenic [34,
45, 117], antioxidative and hepatoprotective [32], antimutagenicity [117], analgesic

and anti-inflammatory [118], anti-tumor promoting activity [34, 41].
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Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and

A. ilicifolius Linn.

Categories

Bioactive constituents

Biological activities

Alkaloids

_.-'_'.i-'_\""\-\.__

[
HRC"N Q’J\CCII:;

Trigonelline (TRG)

A. ilicifolius

Anti-oxidative activity [119]
Anti-carcinogenic [119-122]
Anti-migraine [119]

Sedative [123]

Anti-pyretic [124]

Anti-septic [119]
Hypocholesterolemic [119, 125]
Hypoglycemic activities [119, 126]
Diuretics and antitussive [127]

Anti-diarrhea [124]

H
__.-'% |
I =0
e ~0
2-Benzoxazolinone (BOA)
A. ilicifolius

Mycelial growth inhibitor [128]
Anti-inflammatory [129]
Anti-microbial [130]

Selective retardation of cell cycle at
G2/M checkpoint in meristematic

cells [131]

ﬁ,GIG‘H
T N 0
H

2.4-dihydroxy-1,4-
benzoxazin-3-one (DIBOA)

A.ebracteatus

A. ilicifolius

Mycelial growth inhibitor, Insectiside,
anti-germination, antifeedant [128]
Allelopathy [130, 132]

Prostatic cells growth inhibitor [133]
Auxin inhibitor, mutagenicity [134]

Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and

A. ilicifolius Linn. (continued)
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Categories Bioactive constituents Biological activities
Flavonoids o, OH Oviposition stimulant [135]
[;/rf// OH
Ho 7 & on Anti-proliferative, anti-angiogenic and
o /[% o pro-apoptotic effects in carcinoma of
HO- T 0 prostate (CaP) [136]
Ho-’*i&"o r
HO~""0. OH O

Vicenin-2 (VCN-2)

A.ebracteatus

Quercetin

A. ilicifolius

Inhibition of tyrosine kinase activity
[137]

Anti-oxidative activity [138, 139]
Anti-angiogenic activity [140]

Cell cycle regulation in human gastric
cancer cells [141]

Induction of apoptosis in human
leukemia HL-60 cell [142]

o M
HO~ Tt
Hzcd\\:oh\ o LOH
HO ok
HO |
o
HO'%’T‘
HO on OH O
Schaftoside

A.ebracteatus

Antifeedant [135]




Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and

A. ilicifolius Linn. (continued)

a L\‘Jl:l_‘_‘,l.] \.-_}___.)'\_D

Oy ooy el )
HO™ P

HO? ™

OH

O

Martynoside (MAR)

A.ebracteatus

A. ilicifolius

Categories Bioactive constituents Biological activities
Flavonoids Antigonadotropic [143, 144]
cow _on| Lens aldose reductase inhibitor
- j [145]
H’CFJ&/\
Luteolin
A.ebracteatus
Flavonoids Anti- inflammatory [146]
?OOH AR P .
g\/\_y \l/\ o Anti-oxidative activity [147]
OH
OH 0 Anti-HIV [148]
Anti-ulceric [149]
Apigenin-7-0O-3-D-
glucuronide
A.ebracteatus
A. ilicifolius
Phenylethanol Anti-oxidative activity [150-153]
glycosides oM g M

Anti-proliferative [154, 155]
Cytotoxicity [156]

Anti-metastatic [156]
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Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and
A. ilicifolius Linn. (continued)

Categories Bioactive constituents Biological activities
Phenylethanol | . Anti-oxidative activity [150,
glycosides m 151, 154]
' s Anti-proliferative [155]
b G A [T | PKCa-inhibitor [157]

Antibacterial [158]

Leucosceptoside A Analgesic [159]

A.ebracteatus

A. ilicifolius

Anti-oxidative activity [150,
151, 160-165]

g

HG,,, Anti-proliferative [155, 166,
O L

ou ¢ OH
Hom . 167], [168]
=D oH
I Cytotoxicity [160, 169]
Pl
HO

PKCoa-inhibitor [157, 170]

Down-regulation of ICAM-1

e [171]
) Teromerase inhibitor [172]
Acteoside
{ Anti-metastatic [42, 169]
(Verbascoside)

Anti-bacterial [173-175]

Anti-viral [176-178]
A.ebracteatus

Anti-inflammatory [179, 180]
A. ilicifolius
Blocking inducible nitric oxide
synthase (iNOS), COX-2, and
AP-1 activation [181, 182]

Immunomodulating [175]

Hepatoprotective [183-185]
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Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and
A. ilicifolius Linn. (continued)

Categories Bioactive constituents Biological activities
Phenylethanol Anti-oxidative activity [151,
glycosides o 152, 161, 184, 186]

Q O
. @J)LOHNOJ on | Anti-proliferative [155]
HO . AONA0 OH

Anti-neoplastic [187]

Antiviral [176]

Isoacteoside Hepatoprotective [161, 184]

(IsoverbaaSoside) Immunosuppressive [188]

Analgesic [159]

A.ebracteatus

A. ilicifolius

Phenylethanol ow Anti-oxidative activity [179,
glycosides o iy “-»f_"*'-w]f‘:“ 189]
U'\‘D"-“O “-“"CH
”‘“-T,-f"m gy ‘Tj el 5-HETE formation inhibitor
o, 000 174
Fu'l"*;-*"' ‘o 7l
— Antibacterial [190]

B-hydroxyacteoside
(Campneoside II)
A.ebracteatus

A. ilicifolius

Triterpenoids \ Anti-angiogenic [191-193]
e ]
- _=_f,\ Anti-tumor, anti-proliferative,
& o -.\‘ ] . .
LA lf"!:\-f" induces cell apoptosis [192]
; -*“_'},-f*a/' Anti-protozoa [193]
Saponin

A. ilicifolius




31

Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and
A. ilicifolius Linn. (continued)

Categories

Bioactive constituents

Biological activities

Triterpenoids

a-Amyrin

Anti-inflammatory [194-196]
Gastroprotective [197]

Cytotoxicity [198]

Oleanolic acid (OA)

A. ilicifolius

Anti-tumor property [199, 200]
Anti-angiogenic [201]
Cytotoxicity [202, 203]

Anti-inflammatory [194, 204-
206]

Anti-oxidative activity [207]
Hepatoprotective [205, 208]
Gastroprotective [209]

Antifungal [210]

Ursolic acid (UA)

A. ilicifolius

Anti-tumor property [199, 210]
Anti-angiogenic [201]

Inhibition of mouse skin
tumorigenesis [210]

Cytotoxicity [202, 210]

Anti-inflammatory [194, 210,
211]

Anti-oxidative activity [195,
212]

Hepatoprotective [210]
Antihistamine [210]
Antimicrobial [210]
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Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and
A. ilicifolius Linn. (continued)

Categories

Bioactive constituents

Biological activities

Triterpenoids

Jf_

Lupeol

A. ilicifolius

Anti-tumor [213, 214]

Inhibit tumor growth in prostate
cancer [167]

Anti-angiogenic [215], [216]

Induction of cells apoptosis : via
Fas/FasL in prostate cancer cells
and human pancreatic cells [167,
213, 217]

Anti-proliferative via alteration
of P53, NF-kB, Akt, AP1 [217]

Suppression of tumor growth
and metastasis in HNSCC mice
model [218]

Anti-carcinogenesis of mouse
skin induce by DMBA and
benzoyl peroxide [167, 219]

Anti-oxidative activity [220]
Anti-protozoa [214]

Anti-inflammatory [194-196,
221]

Anti-microbial [214]

Sterols

Stigmasterol

A.ebracteatus

A. ilicifolius

Anti-oxidative activity [207]
Antiviral [222, 223]
Antibacterial [224]
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Table 2.4 Biological activities of bioactive constituents of A. ebracteatus Vahl. and
A. ilicifolius Linn. (continued)

Categories Bioactive constituents Biological activities
Sterols = | Promotion of cancer cell
e, /\/( _= | apoptosis via alteration p53/p21,
g | activation of Caspase-3 and
o N\L’H\| induction of Bax/Bcl-2 ratio via
i iy activate Fas signaling [225-227]
.-*::_-:tb__,-
Anti-proliferative [227]
B-sitosterol Pro-angiogenic activity [228,
229]
A.ebracteatus
A. ilicifolius
Polysaccharides Polysaccharides Immunopotentiating [40, 230-
232]

Anti-tumor  [231, 233]
Anti-angiogenic [234, 235]
Anti-oxidative activity [231,
236]

The anti-tumor potential of A. ebracteatus Vahl.

Since A. ebracteatus Vahl. and A. ilicifolius Linn. have similar therapeutic
effects, they are used interchangeably in Thai folkloric medicine [237]. The last
decade, the extract from Acanthus sp. has been tested for anti-tumor and anti-cancer
potentials in vitro and in vivo. Animal studies have demonstrated that a crude
aqueous extract from the roots of A. ilicifolius Linn. could increase up to 70 per cent
the survival rate of Friend Leukemia Virus-induced leukemic Swiss mice without
producing toxicity [44, 238]. In addition, it has been demonstrated that a crude
extract of 4. ebracteatus Vahl. showed no mutagenic effect, but rather possessed
antimutagenic activity in a Sal/monella/ microsome mutagenecity test. Moreover,
Tiwawech and co-workers (1993) have demonstrated that crude extract of A4.
ebracteatus Vahl. is a secure compound to use, which exerted the inhibitory effects
on diethylnitrosamine (DEN)-induced hepatocarcinogenesis in Wistar rats [45].

Interestingly, the greatest inhibition was found when given A. ebracteatus Vahl. at
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low dose (0.06 g/ kg BW per day) when treatment after DEN injection group. This
suggests that this plant may have an inverse dose response effect, and the ordinary
therapeutic dose of the extract use in human (0.06 g/ kg BW per day) will be the
most suitable and effective dose level, however it must be in ongoing trials. Since
the inhibitory effect of crude extract was greatest when treated after DEN induction,
so this plant might be involved at the promotion and progression phases of
hepatocarcinogenesis rather than at initiation phase. Taken together evidence
indicated that crude extract of A. ebracteatus Vahl. had anticarcinogenic activity

against the occurrence of liver cancer.

In 1998, Siripong and co-workers have studied on antitumor potential of
active constituents from A. ebracteatus Vahl. roots. The result showed that crude
extract and five isolated compounds from this plant did not have cytotoxic activity
against P388 lymphocytic leukemia (in vitro, 1Cso > 30 pg/ml by MTT assay) [41].
However, a weak antitumor activity of aqueous extract (100 mg/kg BW of A.
ebracteatus Vahl. intraperitoneum route for 5 days) against Sarcoma 180 ascites cell
(1x10° cell/rats ip) transplanted in ICR rats was observed. This suggested that this
plants may not have a direct effect on cancer cell, and in vivo antitumor activity
which was claimed for the treatment of cancer in Thai traditional medicine may

come from indirect pathway.

In addition, Babu and co-workers have studied antitumor and
anticarcinogenic activity of Acanthus spp. (A. ilicifolius Linn.), the alcoholic extract
of A. ilicifolius Linn. exhibited non-toxic to Dalton’s lymphoma ascites tumor cells
(DLA) and Ehrlich ascites tumor cells (EAC), but toxic towards lung fibroblast (L-
929) cells (ICso 18 pg/ml) in 72 hours treatment [34]. Moreover, the extract (250,
500 mg/ kg BW) was found to be effective against tumor progression and
carcinogenesis of skin pailloma formation in mice. Furthermore, oral administration
of the extract (500 mg/ kg BW) reduced the tumor volume and increased the life
span by 75% in ascites tumor (EAC cells) harboring animals. This suggested that the

effect of this plant may be specific to cancer cell types.

Recently, Phisalaphong and co-workers have used aqueous extract of A.

ebracteatus Vahl. and the desalted product from nanofiltration (NF) to determine the
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cytotoxicity effect to two types of cancer cell, human epidemoid carcinoma (KB)
and human cervical carcinoma (HeLa) cell lines [48]. The initial aqueous extract
showed cytotoxicity against both KB (ICsy ~ 4,000 pg/ml) and HeLa (ICsy ~ 3,800
ug/ml) cell lines while the desalted product showed better cytotoxicity against both
KB and HeLa cell lines with ICsy values of 3,200 and 3,500 pg/ml, respectively.
Although, the desalted extract showed the better cytotoxic than the initial extract,

but it was not significantly.

Furthermore, several studies indicated that some bioactive compounds which
are found in A. ebracteatus Vahl. had an antitumor activity to some kind of cancer
cells. For example, B-sitosterol had antitumor effect on CA755 (carcinoma 755),
L1210 (L1210 lymphoid leukemia), WA (walkwer 256 carcinosarcoma), but no
effect on Bl16 (B16 melanocarcinoma), LE (Lewis lung carcinoma), SA
(Sarcomal80), KB (Human nasopharyngeal carcinoma) [47]. In addition,
Stigmasterol was not affect on P388 (lymphatic leukemia), CA, L1210, SA, and WA
cancer cell lines. Beside, Lupeol had an antitumor effect on WA, but no effect on
LE, PS, SA and KB cancer cell lines. Moreover, it has been reported that Lupeol in
dose 0.025% w/v had anti-proliferative effect on Hep-G2 (human hepatocellular
carcinoma), A-431 (human epidermoid cells), H-411E (rat liver hepatoma cells)
with 79%, 70% and 44%, respectively. Moreover, benzoxazolines-2-one has been
found in extracts from the roots of A4. ilicifolious Linn. [46] and ribose derivatives of
this compounds are known to be active as anticancer and antiviral agents [33].
Taken together, it supports that 4. ebrateatus Vahl. has different effects on specific

cancer cells type.

Toxicity of A. ebracteatus Vahl.

A few of in vivo studies of A. ebracteatus Vahl. toxicity reported that it
caused kidney damage during the long-term and high-dose treatments in rats. This
toxic effect might be related to a high salt level of the aqueous extract due to the
growth location of A. ebracteatus Vahl. in brackish water. In 1987, Yanapirut and
co-workers have demonstrated that 4. ilicifolius Linn. (1-10 glkg BW by orally for 2

weeks) was non-toxic to Swiss mice, but when using high doses (10-100 times of
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the therapeutic drug in human used for 8 weeks) for a long period of time might
cause abnormalities of the urinary system, such as nephritis [44]. Furthermore, the
chronic toxicity of A. ebracteatus Vahl. have been studied in rats by Siripong and
co-workers in 2001 [239]. Wistar rats were chronic oral administrated with the
aqueous extract for 12 months at the doses of 0.06, 0.6 and 3.0 g/ kg BW/ day,
which equivalent of the crude drug 0.27, 2.7 and 13.5 g/kg or 1, 10 and 50 times of
the therapeutic drug in human used, respectively. The result showed that A.
ebracteatus Vahl. extract did not affect to the body weight gains, the overall
behavior, hematological, blood urea nitrogen (BUN) and albumin also slightly
increase in high dose treatment. Histopathological findings showed also mild degree
of some changes of livers and kidneys in all experimental groups, without dose-
related, exceptionally significant increase in nephropathy was observed in female
rats receiving extract at the doses of 2.7 and 13.5 g/ kg. So that, an aqueous extract
of A. ebracteatus Vahl. may be safe for human use but prolong use and overdoses

should be avoid to prevent nephrotoxic effect of the drug.

CHAPTER III

MATERIALS AND METHODS
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Experimental design
To study the effects of aqueous crude extract of 4. ebracteatus Vahl. on
tumor angiogenesis and tumor growth in human cervical carcinoma both in vitro and

in vivo model. This study was divided into 2 parts as follows:

Part I: In vitro study: To test anti-proliferative effect of aqueous crude

extract of A. ebracteatus Vahl. on different types of cancer cells.
Part II: In vivo study: To test the anti-angiogenic effect of aqueous crude

extract of A. ebracteatus Vahl. in human cervical carcinoma cells-implanted nude

mice model.

Experimental scheme of Part I protocol : In vitro study of anti-proliferative

effect of aqueous crude extract of A. ebracteatus Vahl.

e (CaSki : Human cervical carcinoma cell lines (HPV16-positive)
e HeLa : Human cervical carcinoma cell lines (HPV18-positive)
e HepG2 : Human hepatocellular carcinoma cell lines

e HDFs : Human dermal fibroblast cells



Experimental scheme of Part 11 : In vivo study

BALB/C- nude mice
Female 5-6 weeks,

BW 20-25 g

38



39

Control group HPV group
MEM 200 pl/mouse CaSki cells 107 cells/mouse
sc. injection within dorsal skin sc. injection within dorsal skin
| | | |
Con-Veh Con-AE HPV-Veh HPV-AE
Distilled water 0.2 ml 300 and 3,000 mg/Kg BW Distilled water 0.2 ml 300 and 3,000 mg/Kg BW 0.2 ml
orally daily 14,28 days 0.2ml orally daily 14,28 days orally daily 14,28 days orally dailv 14.28 davs
| I |
BW N A Confocal laser scanning Biomarkers :
Tumor volume and size I | fluorescence microscopy Immunohistochemistry of

Histological examination | | Capillary vascularity (CV) . p53
(H&E) : tumor area I
(A \ - VEGF

Research methodology

Preparation of aqueous crude extract of A. ebracteatus Vahl (AE).

A. ebracteatus Vahl. raw material were collected in Thailand, and aqueous
crude extract of A. ebracteatus Vahl. was prepared and supplied by Natural Product
Research Group, Research and Development Institute, The Government

Pharmaceutical Organization (GPO), Thailand.
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In brief, fresh leaves and stems of 4. ebracteatus Vahl. were chopped into
small pieces and air-dried. Then, 15 kg ground dried matters were boiled with
distilled water (1 kilogram per 20 Liters of water) for 3 hours, twice a times. Then
water extract was collected and filtered. The filtrate was dried by spray drying and
1,800 gm of light creamy-white powder was obtained. The powder extract was then
kept in foil sachet (20 grams per pack) with desiccant [40]. The powder extract was

suspended with distilled water or cell culture medium for bioactivities investigation.

Figure 3.1 The powder of aqueous crude extract of A. ebracteatus Vahl. and

its solution when dissolved with distilled water.

Cell line cultivation

Three types of human cancer cell lines and one of normal cell line were used
in this study. Human cervical carcinoma which contains the integrated HPV-DNA,
CaSki (HPV-16 positive) and HelLa (HPV-18 positive) cells, Hepatocellular
carcinoma cells, HepG2 were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and Human dermal fibroblast cells, HDFs was
purchased from Cell Applications Inc, USA. All cancer cells were grown in

Minimum Essential Medium (MEM) (GIBCO BRL, Gaithersburg, MD)



41

supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen, CA,
USA), antibiotic mixture of penicillin (50 unit/ml) and streptomycin (50 pg/ml) (Bio

Basic Inc., Canada) and 2 mM L-glutamine.

HDFs cells were maintained in Fibroblast Growth Medium (FGM; Cell
Applications Inc, USA) supplemented with low serum growth supplement (1%FBS),
EGF (5pg/ml), bFGF/Heparin/BSA (1.5pg/ml:5mg/ml:100pg/ml), Hydrocortisone

(Img/ml), and Gentamicin/Amphotericin B. All cells were cultured in a 37°C,

5%CO0O;, humidified incubator and changed fresh medium every other day and were
sub-cultured when reach 80% confluent to maintain cell growth in log stage. Cells
were trypsinized by 0.025% trypsin-EDTA (Invitrogen, USA) before used. The
human cervical carcinoma cell lines, CaSki cells which contain several hundred
gene copies of integrated HPV-16 DNA were used in this study. CaSki were
obtained from the American Type Culture Collection (ATCC) (CRL-1550 Lot No:
3794357). The cell was grown in Minimum Essential Medium (MEM) (GIBCO
BRL, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS)
(Invitrogen, USA), antibiotic mixture of penicillin (50 unit/ml) and streptomycin (50
pg/ml) (Bio Basic Inc., Canada) and 2 mM L-glutamine. The cell was cultured in a

37°C, 5%CO, humidified incubator and changed fresh medium every other days.

The cell was sub-cultured when reached to 80% confluent to maintain cell growth in

log stage. The cell was trypsinized into single cell before being used.

Experimental animal preparation

Inbred female BALB/c-nude mice (body weight 20-25 g) were obtained from
the National Laboratory Animal Center, Salaya Campus, Mahidol University,
Nakornpathom, Thailand. All animal experiments were conducted according to the
“Ethical Guidelines for the Uses of animals” by The National Research Council of
Thailand (1999) and approved by the Institutional Animal Care and Use Committee
of Chulalongkorn University, Thailand. The mice were housed in a specific

pathogen germ-free environment where temperature was 25 + 3 °C, 60-70% air
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humidify and 12h light-dark cycle. During the experiment, the mice were fed with

standard laboratory chow and sterile water ad libitum.

The mice were divided into 2 groups and 12 sub-groups as follow:

1)
groups:
1.1
n=4),
1.2
n=4),
1.3

1.4

1.5

1.6

2)

sub-groups:

Control mice without cancer cell injection were divided into 6 sub-

control mice received distilled water for 14 days (Con-Veh 14d;

control mice received distilled water for 28 days (Con-Veh 28d;

control mice received AE 300 mg/kg BW for 14 days (Con-
300AE_14d, n=5),

control mice received AE 300 mg/kg BW for 28 days (Con-
300AE 28d, n=5),

control mice received AE 3,000 mg/kg BW for 14 days (Con-
3,000AE 14d, n=4),

control mice received AE 3,000 mg/kg BW for 28 days (Con-
3,000AE 28d, n=4).

HPV mice, which were injected with Caski cells and divided into 6

2.1 HPV mice received distilled water for 14 days (HPV-Veh 14d; n=5),
2.2 HPV mice received distilled water for 28 days (HPV-Veh 28d; n=4),
2.3 HPV mice received AE 300 mg/kg BW for 14 days (HPV-300AE 14d,

n=3),

2.4 HPV mice received AE 300 mg/kg BW for 28 days (HPV-300AE 28d,

n=4),

2.5 HPV mice received AE 3,000 mg/kg BW for 14 days (HPV-

3,000AE_14d, n=5),

2.6 HPV mice received AE 3,000 mg/kg BW for 28 days (HPV-

3,000AE_28d, n=4).

The AE supplementation was started 1 week after inoculation of CaSki

cancer cells and treatment durations were 14 and 28 days.



43

Experiment protocol

Part 1 : In vitro study of anti-proliferative effect of aqueous crude extract of A.

ebracteatus Vahl. in human cervical carcinoma cell culture by MTT assay

Preparation of aqueous crude extract of A. ebracteatus Vahl. (AE) for in

vitro assay

The powder of A. ebracteatus Vahl. aqueous crude extract was suspended in
complete culture medium in difference concentration (10~ — 10* pg/ml) and then
were filtered through sterile cellulose acetate syringe filter with pore size 0.2 um

(Acrodisc, Thomas Scientific, USA) and kept at 2-8°C cover with light protection

before being use. This AE solution must be prepared fresh before every experiment

under aseptic technique in all process.

Determination of short-term (3 hours) cytotoxicity of the AE aqueous
crude extracts by trypan blue exclusion method

Short-term cytotoxicity were carried out using CaSki, HelLa, HepG2, and
HDFs cells, 1 x 10° cells in AE (10" — 10* pg/ml) dissolved with 1 ml 10%FBS
MEM and then seed into 12-wells plate. Cells were incubated at 37 °C in a

humidified incubator, 5% CO, for 3 hours. The viable cells were counted in a
haemocytometer using the trypan blue exclusion method as described by Babu and

colleague in 1995 and 2002 [32, 34, 240].

Determination of 24, 48 and 72 h-time anti-proliferative activity of AE
aqueous crude extract by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) Assay.

Preparation of the cell lines for MTT assay

The anti-proliferative effect of AE was determined in CaSki, HeLa, HepG2
and HDFs cells by using 3-(4,5 dimethylthiazol-2-ul)-2,5-diphenyl-tetrazolium
bromide assay (MTT) (Sigma Chemical Co., St. Louis, MO). According to the MTT
data was different depending on the cells and culture conditions used. Thus, the cell
number must be optimized, cell density was determined during log growth stage by

performing a cell titration experiment to develop linear relationship between
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absorbance and cell concentration. Generally, in 96-wells in vitro assay that solid
tumors have been usually used with the density varies from 10°- 10° cells/well [34,
241, 242]. So that, CaSki, HeLa, HepG2 and HDFs cells in a number of 1 x 10*

cells/well (96-wells plate) were used in this experiment.

The MTT assay is a colorimetric assay for cellular proliferation based on the
reduction of MTT agent (Sigma Chemical) by mitochondria of living cells. For all
the experiments, the cell was divided into control group (untreated) and treatment
group, which was exposed to various concentrations of AE crude extract 107>-10"

pg/ml for 24, 48 and 72 hours of incubation durations.

MTT assay protocol

Briefly, when cells were detached by using 0.025% trypsin-EDTA into
single cells, cells were then seed into 96-wells plate (1 x 10* cells per well in 100 ul

of complete culture medium). The cells were allowed to grow for 24 hours at 37°C in

a humidified incubator with 5% CO, atmosphere. On the following day, cells were
divided into control group (untreated) and treated groups that were treated with
different concentrations of the A. ebracteatus Vahl. aqueous crude extract. The
medium was then removed and refilled with complete medium containing of AE
(10°-10" ng/ml with total volume 100 pl/well), but for control group only medium

was used.

At the end of 21-, 48- and 72-hour incubation, the medium was aspirated and 100 pl
of 0.5 mg/ml MTT in serum free medium was added into each well. The plate was

then incubated for 4 hours at 37°C in a humidified incubator with 5% CO,. After

incubation, the MTT formazan which was MTT metabolic product produced by
viable cells, appeared as dark-purple crystals in the bottom of the wells. The MTT
solution was removed from each well carefully to prevent disruption of the cell
monolayer and then was refilled with 150 pl of 99.9% dimethylsulphoxide (DMSO)
(Sigma Chemical Co., St. Louis, MO). To thoroughly dissolve the formazan crystal,
each plate was placed on shaking table for 5 minutes at room temperature for a
minimum of 1 hour. Purple color solution was visible at this stage and then Optical

Density (OD) of each plate was read by an enzyme-linked immunosorbent assay
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(ELISA) plate reader (BIO-RAD Laboratories Inc., USA) at 540-nm wavelength.

The MTT test was repeated at least 3 independent experiments.

The inhibitory effect of AE on cell proliferation was calculated by proportion

of living cells at the same time interval by using the equation as follow;
Cell viability (%) = Means of ODs x 100
Means of ODc

and  Cell growth inhibition (%) = Mean of ODc - Means of ODs x 100

Means of ODc

Where, means of ODs was an average optical density value of each AE-
treated sample from triplicate replication, and means of ODc was an average optical

density value of untreated control well without treatment from triplicate replication.

Analyzing of the half maximal inhibitory concentration (IC50)

Dose-response curves were obtained for each cell types by plotting the
percentage of growth inhibition (y-axis) versus the AE concentrations (pg/ml) (x-
axis). And the 4-parameter logistic (4PL) non-linear regression equation was used to
calculate the half maximal inhibitory concentrations (IC50 values) of AE at 48-hour
incubation using Microcal origin software program (version 5.0, Microcal software,
Inc, MA, USA). The ICsy value was expressed as means £ SEM of three
independent experiments carried out in triplicate [243]. The ICsy value was

calculated from 4PL equation as follows:

FX) = A-A o+ A
1+ (X/Xo)

Where, X was the concentration of AE crude extract (ug/ml), F(X) was the
percentage of cell growth inhibition (%), A; was initial or minimum value of % cell

growth inhibition, A, was final or maximum value of % cell growth inhibition, P or
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power was value of the Hill slope (+/-1), and X, was the midpoint of the curve

(ICsp) (Figure 3.2).
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Figure 3.2 The 4-Parameter logistic nonlinear regression model

Part II : In vivo study the effect of AE on anti-angiogenic activity

This study determined the anti-angiogenic activity of aqueous crude extract
of A. ebracteatus Vahl. in HPV16- associated cervical carcinoma nude mice model
by using the confocal laser scanning microscopy for tumor microcirculatory study,
and also investigated the associated biomarkers, p53 and VEGF. All animals were
divided randomly into 2 groups; control and HPV group, which were injected with
or without a human cervical cancer cells containing integrated HPV16 DNA
(CaSki). As mentioned earlier, both groups were given vehicle or AE at the dosage
of 300 and 3,000 mg/kg BW orally once a day for 14 and 28 days. The treatment
was started when CaSki cancer cells growth reached to ~ 0.2 mm’ or tumor bud

could be seen. The microvasculature was determined by labeling with fluorescence
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tracer, and observed under confocal laser scanning microscope on day 14 and 28

after treatment.

Establishment of HPV 16-associated cervical cancer mice model

The HPV16-associated cervical cancer mice were prepared according to the
procedure reported previously by Lertworapreecha and co-workers in 2009 [244].
For the HPV group, CaSki cells (1 x 107 cells/200 pl (viability > 95 %)) were
injected into subcutaneous layer at dorsal skin of mice. Control mice were given
only MEM medium equal volume as HPV mice groups. Then, all mice were housed
one animal per cage until end of experiment. All procedures were performed under
aseptic conditions. In order to confirm the tumorigenesis induced by CaSki cancer
cells, when the experiment was finished then tumor tissue sample from mice dorsal
skin were excised and preserved with neutral buffer formalin (4% formalin, 0.4%
NaH;P04,0.65% Na,HPO,) immediately for histological examination. In order to
study histopathological changes, formalin-fixed, paraffin-embedded tissue sample
was cut in 5 um on a microtome with a disposable blade. The sliced tissue was fixed
on to slide and stained with Hematoxylin and Eosin (H&E) staining by using
automatic tissue staining (LEICA, Autostaining XL, Germany). Hematoxylin and
eosin staining was investigated by the pathologist (SYL) in the (Pathological
Division, Department of Obstetrics and Gynecology, Faculty of Medicine,
Chulalongkorn University).

Tumor microvasculature study

The tumor microvascular imaging by the confocal laser scanning

microscopy system

The tumor microvasculature was performed on days 14 and 28 after vehicle
or AE crude extract treatment cancer cells inoculation, and visualized by using
confocal laser scanning microscopic system (Nikon ECLIPSE E800 CI1, Nikon,
Japan). Firstly, the mice were anesthetized with an intraperitoneal injection of
sodium pentobarbital (50 mg/ 100 g BW), and followed by catheterization of jugular
vein. The polyethyline tubing 10 um of diameters (PE10) (Becton, Dickinson, NJ,

USA) was inserted into a jugular vein of unconscious mice for an application of
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fluorescence tracers (5% fluorescein isothiocyanate-labeled dextran (FITC-dextran),

MW=200,000, 0.5%) (Sigma Chemical, USA).

Then mice dorsal skin was cut to open, and incised around tumor mass or the
site of medium injection for the tumor microvasculature observation. This surgical
procedure must be done carefully to avoid being cut off the blood vessels which
were supply the tumor mass. After that, the skin with tumor mass was turned inside

out and fixed with modeling wax on a plate (Figure 3.3).

For visualization of the microvascular lumen, a bolus of 0.1 ml of 5% FITC-
dextran was injected into the jugular vein 5 minutes prior to the imaging. In each
mouse, we observed and scanned the microvascular network on the skin surface
around tumor mass by moving the microscopic stage. The tumor microvasculature
observation was done by starting at 9 o’clock and moved in a clockwise direction
around the tumor mass, and from outside to the center of tumor mass, that each
mouse was always done by the same step. During the experiment, the fluorescent
images were captured, and recorded as Windows Bitmap digital files. The laser
scanning images were used for the evaluation of tumor angiogenesis, which was

represented by analysis of the capillary vascularity (CV) within the tumor-bearing

area by using the images analysis software, Image-Pro plus 6.0 software program

(Media Cybernetics, Inc, USA).
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Figure 3.3 Photographs of experimental steps in tumor angiogenesis study in
HPV16- associated cervical cancer nude mice model by using the confocal laser
scanning microscopy system comprising the following steps: the catheterization of
jugular vein with PE10 tubing (A), excision of dorsal skin around tumor mass and
skin fixation for visualization under confocal microscope (B), the confocal laser
microscope scanning the fluorescent image of tumor microvessels (C), the

observation area of tumor microvascular network of skin surface around tumor mass
(D).

Measurement of microvascular parameters : Capillary vascularity (CV)

In each mouse, the microvascular network on the surface around tumor mass
were observed, scanned and recorded for 10 images, and 3 windows of the regions
of interest (ROI) were drawn on each fluorescent image (frame). Three regions of
interest (ROIs) from recorded fluorescent images were selected for capillary

vascularity analysis (Figure 3.4), using Image-Pro plus software program [42].

In brief, each ROI was selected to cover only clear capillary network with
diameter less than 15 pum [23]. Each selected ROIL, both minimum and maximum
level of pixel in the capillary network were determined, and the numbers of pixels
located within all capillaries in each ROI were automatically calculated by using the
“Histogram” functional tool of Image-Pro plus software program as shown in Figure
3.4. The proportion of the number of pixels within the capillaries to total number of
pixels within the selected ROI (~ 10,000 pixels) was expressed as the percentage of
capillary vascularity (CV%) for each ROI. The percentage of CV was computed by

using the formula as follows :

CV (%) = (£ Number of pixels within the capillaries) x 100

(Total number of pixels within the select area)

|
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Figure 3.4 Confocal laser microscopic image of tumor microvascular and ROIs
selected for measurement of capillary vascularity (CV) in each mouse. The
“Histogram” functional tool of Image-Pro plus software program, which used to
calculated the percentage of capillary vascularity. Tumor microvessels were

visualized using FITC-dextran fluorescence, low magnification x10, Bar = 50 um.

The CV was obtained about 25-30 ROIs in each mouse. Accordingly,
averaged CV over three ROIs was performed, and the mean CV level in each group
was obtained. The mean capillary vascularity level was used as an index of tumor

angiogenesis.

Measurement of tumor growth : tumor size, tumor weight and

histopathological examination for tumor area

When tumor microvasculature study finished, mice were sacrificed and
tumor mass were carefully excised immediately. Tumor size was measured by using
Vernier caliper (VWR, St. Louis, USA) then tumor mass was fixed with neutral
buffer formalin. Tumor volume was calculated by the following the ellipsoid volume

formula:

Tumor Volume (mm”) = 7/6 (length) x (width) x (height) [44]
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Immunohistochemistry for P53 and VEGF expression

The expression of p53 and VEGF proteins was assessed in paraffin-
embedded sections of dorsal skin tumor lesion of mice which were collected at the

end of experiment (day 14™ and 28™ after treatment).

The immunohistochemical analyses was conducted via the avidin-biotin-
peroxidase complex method as described elsewhere [245]. The primary antibody
was used for VEGF proteins are rabbit polyclonal anti-body (VEGF-A20, Santa
Cruz Biotechnology, CA, USA) and p53 protein rabbit polyclonal anti-body
(NB600-575, Novusbio, USA). Anti-dThdPase (Rosche Institute, Kanagawa, Japan)

monoclonal antibody was used in each staining.

Protocol of P53 Immunohistochemical staining

Formalin-fixed of tissue samples were performed, parafin-embedded were
serially sectioned at 4 um, and mounted onto the 3-aminopropyltriethoxysilane coat
slides. After heated at 60 °C for 1 hour, sections were deparafinized and rehydrated.
The slides were an incubated with an antigen Retrieval Solution pH 6.0 (DAKO
S1699) at 95-99 °C in water bath for 40 minutes. Then, the slides were incubated
with 3% hydrogen peroxide solution in distilled water 200 pL for 5 minutes to block
endogenous peroxidase activity. Nonspecific background were blocked by
application of 3% Normal horse serum 200 L on section slides. Application of
antibodies, anti-P53 Rabbit polyclonal (1:50) 200 pL were applied on tissue
sections, followed by incubated at room temperature for 60 minutes. After washed
by PBS (pH7.4), visualization reagent (Envision) 200 pL were applied on tissue
sections and incubated at room temperature for 30 minutes. Color was developed by
using DAB (3,3’Diaminobenzidine tetrahydrochloride), and the slides were counter-
stained with Hematoxylin and mounted with resinene. Negative control slides were
established by replacing the primary antibody with PBS and normal rabbit serum.

Known immunostaining-positive slide were used as positive controls.

Assessment of tumor p53 protein expression
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Tumor area were identified under a low-magnification microscope (Nikon
ECLIPSE 50i, Nikon, Japan) and the highest positively stained cells of p53 were
performed using high-magnification microscope. The digital camera (Nikon DS-Fil-
L2, Nikon, Japan) and image software (NIS-Elements Basic Research (BR), Nikon
INSTECH, Co., Japan) was used to monitor and capture images which were
recorded as TIF format. The quantitative analysis for pS3 was performed by using

Image-Pro Plus software program.

Nuclear staining either as fine or coarse granular dots was considered
positivity for p53. P53 expression in tumor area were assessed as percentage of
positive cells. The positive association with p53 was obtained through the count of
one thousand cells in 10 high power field (HPF) in each animals, using the most
representative areas inside tumor area lesion. Two pathologists without prior clinical
or pathological information scored expression at 100x and 200x magnification under

light microscopy.
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Figure 3.5 Nuclear brown color staining of anti-P53 Rabbit polyclonal in tumor
tissue from CaSki cells-implanted nude mice treated with AE crude extract.
Evaluation of p53 expression by count the number of p53-posive cell in 10HPF
using Image-Pro plus software program, high magnification (x400).
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Protocol of VEGF Immunohistochemical staining

Immunostaining was performed using paraffin-embedded 4-um-thick tumor
area sections. Sections were de-paraffinized, hydrated, blocked for endogenous
peroxidase using 3% H,0,/H,0, and subsequently incubated with antigen Retrieval
Solution EDTA buffer (BD Pharmingen, San Diego, CA) in 95-99°C water-bath at
pH 8 for 40 minutes.

Nonspecific background was blocked by application of 3% normal horse
serum 200 pL. Application of antibodies, anti-VEGF (1:100) 200 uL were applied
on tissue sections, followed by incubated at 4 °C overnight. After washed by PBS
(pH7.4), 200 pL visualization reagents, a biotin-labeled secondary antibody
(biotinylated anti-rabbit immunoglobulins, Envision) were applied on tissue sections
and incubated at room temperature for 30 minutes. Color was developed by using
DAB (3,3’ Diaminobenzidine tetrahydrochloride), and the slides were counter-
stained with Hematoxylin and mounted with resinene. Negative control slides were
established by replacing the primary antibody with PBS and normal rabbit serum.

Known immunostaining-positive slide were used as positive controls.

Assessment of tumor VEGF protein expression

VEGF positive cell showed brown-yellow particles in cytoplasm, which
were monitored and captured by digital camera (Nikon DS-Fil-L2, Nikon, Japan)
and image software (NIS-Elements Basic Research (BR). The quantitative analysis
for VEGF expression of each mouse was performed by using Image-Pro Plus 6.1
Software, and the percentage of VEGF expression was represented by proportion of
VEGF staining area per total ROI area [245]. The software calculated the area of
VEGF staining through 10HPF for each mouse (as shown in Figure 3.6). The RGB
images were converted into binary images and discriminated between VEGF
staining pixels and VEGF-negative cells staining pixels based on grayscale intensity.
The percentage of VEGF expression was defined as the number of cytoplamic
VEGF-positive pixels divided by the total number of pixels within each HPF image.
Accordingly, averaging VEGF expression over 10HPF images was performed, and
the mean VEGF expression level in each group was used as a biomarker of tumor

angiogenesis.
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Figure 3.6 Representative VEGF immunoreactivity (A), VEGF-positive brown
staining in cellular cytoplasm. Qauntitative of VEGF expression in converted
grayscale image by using the “Histogram” functional tool of Image-Pro plus

software program (B), high magnification (x400).

Statistical analysis

All statistical calculations were performed using SPSS software program
(version 16.0; SPSS Inc., Chicago, IL USA). All data were expressed as means and
standard errors of mean (SEM). The statistical method was used including the
student t-test, the one way analysis of variance (one-way ANOVA) followed by
Turkey and LSD test, and pearson correlation test. The probability values less than

0.05 (P < 0.05) was considered to be statistically significant.

Ethical consideration

The experimental protocol will be approved by Ethics Committee, Faculty of
Medicine, Chulalongkorn University. The animal study will be conducted according
to the guideline for experimental animals suggested by the National Research

Council of Thailand (1999).
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CHAPTER IV

RESULTS

The content of this chapter consists of two major parts, including in vitro and
in vitro study, which are the experimental results of anti-proliferative, anti-tumor
and anti-angiogenic activities of A. ebracteatus Vahl. aqueous crude extract in
human cervical carcinoma. In addition, the results also demonstrate the relevant
mechanisms, the expressions of apoptotic and angiogenic biomarkers, P53 and

VEGF, respectively.

Part I In vitro study of anti-proliferative effects of A. ebracteatus Vahl. aqueous

crude extract in cancer cell lines.

The aqueous crude extract of A. ebracteatus Vahl. was dissolved in cell
culture medium before used for cytotoxicity and anti-proliferative activitiy testing in
three cancer cells, CaSki, HeLa, HepG2, and one normal cell, HDFs cells by using
the Trypan blue exclusion method and MTT assay.

Short-term (3-hr) cytotoxicity of A. ebracteatus Vahl. aqueous crude

extract in cancer cell lines and normal cells by Trypan blue exclusion method

The short-term cytotoxicity study of A. ebracteatus Vahl. aqueous crude
extract on CaSki, HeLa, HepG2, and HDFs cells were performed by Trypan blue

exclusion method. Trypan blue staining is used to evaluate the number of viable
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cells presented in cell suspension. Base on the principle that living cells possess
intact cell membrane that excluded trypan blue dye, whereas dead cells were labeled
with the dye allowing to be counted. Microscopic study showed dead cell stained
blue after treatment AE in various concentration 10-10* ug/ml for 3 hours, and the
percentage of number of the living and dead cell were counted (Table 4.1). The
results demonstrated that the percentage of viable cell was higher than 90% in all
treated groups (Figure 4.1). The results indicated that the aqueous extract was
nontoxic towards HDFs, CaSki, HeLa, and HepG2 cells when treatment in short

times for 3 hours.

Table 4.1 In vitro Short-term (3-hr) cytotoxicity of A. ebracteatus Vahl aqueous

crude extract.

AE concentration

(ng/ml)

Percentage of cell death (%)

CaSkicells HeLacells HepG2cells HDFs cells
0.1 5.21+£1.18 4.83+0.27 5.05+0.40 4.87+0.48
1 5.41£1.40 4.35+0.33 4.06+0.50 4.58+0.63
10 5.63+0.34 5.22+1.35 4.16+0.34 4.87+0.42
100 4.46+£0.47 4.48+0.58 4.524+0.66 4.85+0.22
1,000 5.01+1.96 4.01+0.53 3.88+1.82 5.15+0.35
5,000 4.62+0.72 4.44+0.69 4.92+0.78 5.44+0.38
10,000 4.37+0.57 4.03+0.41 5.00+0.35 4.58+0.38
Control (MEM) 5.13+0.92 3.91+0.57 4.18+0.24 4.50+0.28
Note : Data are expressed as mean = SEM.
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Figure 4.1 The cytotoxicity of A. ebracteatus Vahl. aqueous crude extract on
CaSki, HeLa, HepG2, and HDFs cells for 3 hours incubation. Data are expressed as

means = SEM of three independent experiments carried out in triplicate.

The anti-proliferative property of A. ebracteatus Vahl. aqueous crude extract in

cancer cell lines and normal cells by MTT assay.

The anti-proliferation activity of 4. ebracteatus Vahl. was tested by using
MTT assay. Based on the principle that viable cells depend on an intact
mitochondrial respiratory chain and intact mitochondrial membrane. The MTT agent
is a yellow tetrazolium salt that is cleaved into a water-soluble purple formazan by
succinate dehydrogenase system which belong to the mitochondrial respiratory
chain and is only in viable cells. After solubilization of the formazan, the amount of
dye was quantified with microplate reader at 540 nm. Therefore, toxicity of 4.
ebracteatus Vahl. aqueous crude extract on normal and cancer cells can be identified

using mitochondrial dehydrogenases from viable cells.

Time-response of anti-proliferative properties of A. ebracteatus Vahl.

aqueous crude extract

The time-response curves of AE were obtained by plotting the percentage of
cell viability versus concentrations of AE in three different times of incubation 24,
48 and 72 hours (Figure 4.2 — 4.5). The MTT assay data used for calculated anti-
proliferation activity of AE which were expressed as means of percent cell viability

(Table 4.2).

Treatment with 4. ebracteatus Vahl. aqueous crude extract did not show
different inhibitory effects on HDFs, HeLa, HepG2 cells growth when incubated in
different times 24, 48, and 72 hours (Figure 4.2, 4.4, 4.5). The time-response found
only in Caski cells when treatment with AE aqueous crude extract at concentration
of 5,000 pg/ml. The results showed percentage of CaSki viable cells in 24 hours

incubation was less than 48 and 72 hours incubation time (P<0.05) (Figure 4.2).
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Table 4.2 Percentage of cell viability of HDFs, CaSki, HeLa, and HepG2 cells when treatment with A. ebracteatus Vahl. aqueous crude

extract in various concentration (10 — 10* pg/ml) for 24, 48, and 72 hours incubation.

Time of Cell viability (%) / AE concentration (ng/ml)
Cell incubation
types (hours) 0.001 0.01 0.05 0.1 1 10 50 100 1,000 5,000 10,000
24 94.2245.28 97.06+4.84 95.61+6.67 98.86+3.48 99.34+2.27 95.88+7.49 92.81+8.98 98.57+4.57 90.37+6.67 83.57+4.60 36.55+8.43
HDFs 48 99.9243.11 99.69+4.85 93.09+9.46 94.66+8.60 98.86+5.60 97.94+3.85 95.23+4.41 99.55+1.11 93.63+2.94 83.30+2.31 48.24+3.70
72 95.79+£1.71 97.08+2.56 94.83+1.40 95.06+0.80 99.54+2.99 | 104.42+1.31 | 97.62+2.75 94.84+1.13 83.22+8.67 | 78.77£12.36 | 41.79£17.19
24 99.87+2.13 99.62+3.66 97.33+4.29 96.92+3.46 | 101.76+5.75 | 98.79+4.23 | 100.92+3.30 | 104.85+8.35 | 93.74+2.96 86.08+7.58 | 69.78+14.82
CaSki 48 96.27+2.17 97.64+1.18 96.27+0.59 94.01+2.81 96.85+0.96 96.50+1.62 97.15+1.07 98.05+0.68 95.2143.75 46.95+2.21 | 35.00+3.163
72 98.72+3.43 | 100.63+£0.40 | 97.63+2.84 94.99+4.62 92.74+3.10 99.81+5.43 97.66+9.65 96.90+4.77 | 103.31+£5.97 | 84.20+8.30 | 49.26+15.28
24 99.40+5.355 | 100.10+£3.53 | 103.30+7.66 | 105.96+10.18 | 98.47+5.99 95.54+3.06 96.68+7.40 95.80+4.48 85.12+5.88 | 80.79+11.17 | 13.5147.38
HeLa 48 96.23+2.58 96.99+3.67 96.85+3.30 99.72+2.60 98.29+1.94 99.09+1.07 97.62+3.30 98.00+3.33 91.03+4.71 67.30+8.27 11.29+5.92
72 98.53+2.74 95.51+4.00 99.55+4.58 97.26+4.36 94.18+4.95 95.62+4.56 97.46+2.40 94.494+4.50 87.44+4.34 | 70.99+12.12 | 17.66+6.80

Note : Data are expressed as mean + SEM.
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Table 4.2 Percentage of cell viability of HDFs, CaSki, HeLa, and HepG2 cells when treatment with A. ebracteatus Vahl. aqueous crude

extract in various concentration (10~ — 10* png/ml) for 24, 48, and 72 hours incubation (continued).

Time of Cell viability (%) / AE concentration (ng/ml)
incubation
Cell types (hours) 0.001 0.01 0.05 0.1 1 10 50 100 1,000 5,000 10,000
24 96.41+£3.94 94.90+0.45 97.56+3.13 96.97£3.78 96.79+4.24 98.63+3.34 98.71+2.74 95.19+5.10 83.34+£7.75 | 59.25%22.31 34.60+9.46
HepG2 48 97.22+1.80 99.27+0.23 97.70+2.07 97.85+0.70 94.2343.59 99.00+0.66 97.10+0.83 97.49+2.20 90.76+4.56 | 59.39+24.33 | 33.48+14.17
72 106.50+4.12 | 101.84+1.46 | 102.86+4.37 | 106.26£2.23 | 101.11+4.63 | 111.13+8.73 | 111.89+11.05 | 102.49£10.04 | 97.91+15.54 | 60.78+28.90 | 28.41+10.95

Note : Data are expressed as mean + SEM
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Figure 4.2  The anti-proliferative effects of 4. ebracteatus Vahl. aqueous crude
extract on human dermal fibroblast (HDFs) cells, incubation time for 24, 48, and 72

hours (mean = SEM).



63

120
—o—24h
100 48h
@ —A—72h
3
(3]
z 80
7]
<
O
s
= 60
E
=
> 40
X B
20
0 T T T T T T T T T T 1

107 102 10 10° 10 10° 10° 10

Concentration of AE (ug/ml)

Figure 4.3  The anti-proliferative effects of A. ebracteatus Vahl. aqueous crude
extract on human cervical carcinoma (CaSki) cells, incubation time for 24, 48, and 72

hours (mean = SEM).
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Figure 4.4  The anti-proliferative effects of A. ebracteatus Vahl. aqueous crude

extract on human cervical carcinoma (HeLa) cells, incubation time for 24, 48, and 72

hours (mean + SEM).
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Figure 4.5  The anti-proliferative effects of A. ebracteatus Vahl. on human
hepatocellular carcinoma (HepG2) cells, incubation time for 24, 48, and 72 hours

(mean = SEM).
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Dose-response of anti-proliferative properties of A. ebracteatus Vahl. aqueous

crude extract

Since, the anti-proliferative activity AE aqueous crude extract did not depend
on the duration of treatment. Therefore, the incubation duration for 48 hours of AE
was chosen to determine the half maximal inhibitory concentration (ICsp). The MTT
assay data used for calculated growth inhibition activity of AE which expressed as

means of percent growth inhibition (Table 4.3).

The dose-response curves of 4. ebracteatus Vahl. crude aqueous extract were
obtained by plotting the percentage of cell growth inhibition versus concentrations of
AE. Figure 4.6 — 4.9 showed the dose-response curves of MTT cell proliferation assay
results of HDFs, CaSki, HeLa, and HepG2 cell lines, respectively. The ICsy values
were obtained from three independent experiments carried out in triplicate and
calculated by the non-linear regression equation (fitting by 4-parameter logistic
model) using Microcal Origin (version 5.0) software program. The means of ICsg

values of each cell were shown in Table 4.4.

AE exhibited a dose dependent growth inhibition of HDFs, CaSki, HeLa, and
HepG2 cells. The ICsy values of AE against three cancer cells, CaSki, HeLa, and
HepG2 cells was 4,984.90 + 498.72 ng/ ml, 6,072.50 + 573.29 ng/ ml, and 6,419.50 +
2,282.62 ng/ ml, respectively (Figure 4.7 - 4.9). While, AE inhibited HDFs cells
growth with the ICs values of 7,382.40 + 221.05 pg/ ml. From table 4.4, the mean of
ICso values of AE on CaSki cells growth was significantly lower than in normal cells,
HDFs (P<0.01). However, there were no significant differences of the mean of ICsg
values between the two types of cancer cells, HeLa and HepG2 compared to HDFs
cells (P =0.100 and P =0.696, respectively). This results indicated that 4. ebracteatus
Vahl. aqueous crude extract had an inhibitory effect to CaSki cancer cells growth

more than normal cells.
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Table 4.3 Percentage of growth inhibitory effects of A. ebracteatus Vahl. aqueous crude extract on HDFs, CaSki, HeLa, and HepG2

cells when treatment with various concentration (10~ — 10* pg/ml) for 48 hours incubation.

Growth inhibition (%) / AE concentration (ng/ml)
Cell types
0.001 0.01 0.05 0.1 1 10 50 100 1,000 5,000 10,000
HDFs 0.08+3.11 | 0.31+4.85 | 6.91£9.46 | 5.34+8.60 | 1.14+£5.60 | 2.06+£3.85 | 4.77+4.41 | 0.45£1.11 | 6.37£2.94 | 16.70+2.31 | 67.89+8.88
CaSki 3.734£2.16 | 2.36=1.18 | 3.73£0.59 | 5.99+2.81 | 3.15£0.96 | 3.50+1.62 | 2.85+1.07 | 1.95£0.68 | 4.794£3.75 | 58.03+2.75 | 65.0043.16
HeLa 3.7742.58 | 3.01£2.38 | 3.15£2.40 | 0.28+0.18 | 1.71£0.98 | 0.91+£0.26 | 2.38+1.60 | 2.00+1.18 | 8.97+4.71 | 32.70+8.27 | 88.71+5.92
HepG2 2.78+1.80 | 0.73+0.23 | 2.30+2.07 | 2.15+0.70 | 5.77+3.59 | 1.00£0.66 | 2.90+0.83 | 2.514+2.20 | 9.24+4.56 | 406142433 | 66.52+14.17

Note : Data are expressed as mean + SEM.
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Figure 4.6 The dose response curve and ICs, value of 4. ebracteatus Vahl. aqueous
crude extract (48 hours of incubation time) on HDFs cells were obtained by blotting the
percent inhibition versus concentration. The ICsy was calculated from non-linear
regression equation (fitting by 4-parameter logistic model) using Microcal origin (version
5.0) software program, and expressed as means + SEM of three independent experiments
carried out in triplicate. The ICsy value was required to increased cell growth inhibition

from 0% to 50%.
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Figure 4.7 The dose response curve and ICsy value of A. ebracteatus Vahl. aqueous
crude extract (48 hours of incubation time) on CaSki cells were obtained by blotting the
percent inhibition versus concentration. The ICsy, was calculated from non-linear
regression equation (fitting by 4-parameter logistic model) using Microcal origin (version
5.0) software program, and expressed as means + SEM of three independent experiments
carried out in triplicate. The ICsy value was required to increased cell growth inhibition

from 0% to 50%.
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Figure 4.8 The dose response curve and ICsy value of 4. ebracteatus Vahl. aqueous
crude extract (48 hours of incubation time) on HeLa cells were obtained by blotting the
percent inhibition versus concentration. The ICsy was calculated from non-linear
regression equation (fitting by 4-parameter logistic model) using Microcal origin (version
5.0) software program, and expressed as means + SEM of three independent experiments
carried out in triplicate. The 1Csy value was required to increased cell growth inhibition

from 0% to 50%.
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Figure 4.9 The dose response curve and ICsy value of 4. ebracteatus Vahl. aqueous
crude extract (48 hours of incubation time) on HepG2 cells were obtained by blotting the
percent inhibition versus concentration. The ICsy was calculated from non-linear
regression equation (fitting by 4-parameter logistic model) using Microcal origin (version
5.0) software program, and expressed as means + SEM of three independent experiments
carried out in triplicate. The 1Csy value was required to increased cell growth inhibition

from 0% to 50%.
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Table 4.4 Means of the half maximal inhibitory concentration (ICsy) of 4. ebracteatus

Vahl. aqueous crude extract against three cancer cells (CaSki, HeLa, HepG2) and one

type of normal cell (HDFs) with incubation time 48 h.

Cells

ICso (ng/ ml)

of 3 experiments

Means of ICs,

(ng/ ml)

HDFs

CaSki

HeLa

HepG2

7,121.10 + 296.88

7,822.03 £ 599.39

7,203.23 +351.64

4,290.11 £ 333.06

4,712.45 £ 852.03

5,952.04 + 595.81

7,009.56 +434.40

5,031.74 £33.90

6,176.10 +421.22

2,263.06 +391.99

7,708.35 £ 534.24

9,988.64 + 1,286.13

7,382.40 +221.05

4,984.90 + 498.72"

6,072.50 = 573.29"™

6,419.50 + 2,282.62™

Notes: Data are expressed as mean £ SEM of ICsy from three independent experiments
carried out in triplicate and calculated from the non-linear regression equation (fitting by
4-parameter logistic model) using Microcal Origin (version 5.0) software program.

"P<0.01 significant difference compared to HDFs cells,

Mnon-significant difference compared to HDFs and CaSki cells.
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Part Il In vivo study of anti-tumor and anti-angiogenic effects of aqueous crude

extract of A. ebracteatus Vahl. in cervical carcinoma mice model.

This part demonstrated the anti-angiogenic and anti-tumor activities of aqueous
crude extract of A. ebracteatus Vahl. in human cervical cancer cells contained human

papillomavirus 16 DNA (HPV-16 DNA) - implanted nude mice model.

The tumor model of cervical carcinoma with HPV-16 positive

The human cervical carcinoma, CaSki cells (1 x 107 cells) were injected
subcutaneously in the middle dorsum of each animal to produce the cervical tumor
model. At day 1% - 3 after cancer cells injection, the small nodule with tissue swelling
and red skin at injected site was seen. One week later, the tumor mass could be observed
(Figure 4.10). The cervical tumor was enlarged continuously until end of experiment, at
day 21% and 35" after inoculation. Then the tumor nodule excisional was performed, and
the stained slides with hematoxylin and eosin showed histological finding of large deposit
of malignant tumor in the deep part of mouse skin, between bundles of skeletal muscle
(Figure 4.11C-H). Morphology of cancer cells confirmed the characteristics of squamous
cell carcinomas (SCC) presenting irregular round nuclei, small nucleoli, pale pink

cytoplasm.

Table 4.5 demonstrated that on day 21% of tumor development , body weights of
almost experimental groups, Con-Veh, Con-3,000AE, HPV-Veh, HPV-300AE, and
HPV-3,000AE, were no significant difference (P>0.05). Nevertheless, the body weight of
mice in Con-300AE group was significant less than HPV-Veh group, that was observed
in day 21% during tumor progression (P<0.05). However, the percentage of body weight
change was not significant difference between all groups (P>0.05).



Table 4.5 Values of mean body weight (g) for each group at different time point with

and without treatment of 4. ebracteatus Vahl aqueous crude extract.

Body weight (g) % BW
Groups h
Atday 1% | Atday21®™ | Atday35® change
21.31+0.31 22.90+0.77 23.64+0.57
Con-Veh 0.34+0.14
(n=R) (n=4) (n=4)
21.21+0.32 20.60+0.58 22.46+0.67
Con-300AE 0.12+0.62
(n=10) (n=5) (n=5)
21.44+0.38 21.41£0.40 23.60+0.52
Con-3,000AE 0.23+0.16
(n=8) (n=4) (n=4)
21.11+0.26 23.57+0.32 24.33+0.88
HPV-Veh 0.38+0.21
(n=9) (n=5) (n=4)
20.86+0.34 22.08+0.62 23.88+0.28
HPV-300AE 0.40+0.15
(n=7) (n=3) (n=4)
22.11+0.48 22.30+0.15 24.26+0.60
HPV-3,000AE 0.30+0.16
(n=9) (n=5) (n=4)

Notes: Data are expressed as mean + SEM, P < 0.005 significant difference compared to

HPV-Veh group.
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(A) At day of CaSki cells injection (B) 3 days after CaSki cells inoculation

(C) 7 days after CaSki cells inoculation (D) 21 days after CaSki cells inoculation

(E) 35 days after CaSki cells inoculation

Figure 4.10 Photography of experimental mice after injected with CaSki cells (1 x 10’
cells/200 pl) into subcutaneously at dorsum skin (A), swelling (B) tumor bud were seen

(C), and enlarged continuously at 21 days (D) and 35 days (E) after CaSki cells

inoculation.
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Figure 4.11 Histological finding of normal skin from control mice (A) and subcutaneous
tumor nodules taken from CaSki cells-implanted nude mice showed marked deposit
malignant tumor in deep part of skin after inoculation for 7 days (C), 21 days (E), and 35
days (G). Morphological study of epithelium cells of normal skin (B) and squamous cells
carcinoma (D, F, H). Notes: The histological study by H&E, at magnification x40, x100,
x200.
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Effects of aqueous crude extract of A. ebracteatus Vahl. on Tumor Growth: Tumor

volume

Table 4.6 showed the mean values of tumor volume of each group. The tumor
progression were observed in all HPV groups by the increasing in tumor volume of day
28"™ compared to day 14™ after AE or vehicle treatment (P<0.001). Treatment with low
dose of AE (HPV-300AE) for 14 and 28 days found the increasing in tumor volume that
was not significant difference from vehicle treatment. This data indicated that low dose
treatment of A. ebracteatus Vahl. aqueous crude extract could not inhibit tumor growth.
However, when treatment with high dose of AE (HPV-3,000AE), tumor volume was
significant less than HPV-Veh group (P<0.001) (Figure 4.12). This inhibitory activity of
high dose treatment of AE was observed when treatment for 28 days, but not in 14 days

of treatment period.

The results indicated that high dose treatment of A. ebracteatus Vahl. aqueous

crude extract for 28 days could inhibit or delay cervical carcinoma growth.

Table 4.6 Tumor volume of tumor nodule excised from each HPV- groups.

Tumor Volume (mm3)/

Groups days after treatment

At day 14 At day 28
HPV-Veh 103.79 + 11.69 (n=4) 23598 +7.57" (n=5)
HPV-300AE 94.89 + 9.50™ (n=3) 24536 +36.26™" (n=4)
HPV-3,000AE 62.37+16.56" (n=5)  5.77 +7.55""% (n=4)

Notes: Data are expressed as mean + SEM,

P<0.001 significant difference within group compare to day 14™ of treatment,
"P<0.001 significant difference compared to age matched HPV-Veh group,
P<0.001 significant difference compared to age matched HPV-300AE group,

N non-significant difference compared to age matched HPV-Veh group.
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Figure 4.12 The tumor volume (mm®) of 14 days and 28 days after vehicle (distilled
water), AE (300 and 3,000 mg/kg BW) treatment in HPV groups.

Notes: Data are expressed as mean + SEM,

TP<0.001 significant difference within HPV-Veh group,

tP<0.001 significant difference within HPV-300AE group,

€p<0.001 significant difference within HPV-3,000AE group,

"P<0.001 significant difference compared to age matched HPV-Veh group,

P<0.001 significant difference compared to age matched HPV-300AE group.
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Tumor Angiogenesis in CaSki-implanted nude mice

After Caski cells inoculation for one week, tumor bud was seen at dorsal skin and
enlarged continuously, as shown in Figure 4.10. The fluorescent images from laser
confocal microscope demonstrated the microvasculature of control and HPV groups at

different time points after cancer cells inoculation (Figure 4.13).

A large number of microvascular network was able to be found around tumor
mass on day 21% after CaSki cells inoculation (Figure 4.13B). The proliferating
neovessels appeared to migrate out to the tumor mass. The results demonstrated markedly

increase in neocapillary network in the tumor area.

On day 35™ after CaSki cells inoculation, the tumor microvascular ultrastructure
has pathological features such as microvascular network with shunt, loop, abrupt changes

in the diameters, tortuosity, and hyper-permeability were observed (Figure 4.13C).

Figure 4.13 Confocal laser microscopic images of dorsal skin microvasculature for
control group (A), and HPV groups at day 21% (B), and day 35™ (C) after CaSki cells
inoculation. The microvascular network was visualized using 5% FITC-dextran

fluorescence (MW 200,000), with low magnification X100, Bar = 50 um.
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Anti-angiogenic Activity of A. ebracteatus Vahl. aqueous crude extract in CaSki-

implanted nude mice

Figure 4.14 showed the examples of confocal laser scanning micrographs of
tumor microvascular affected by AE treatment. The images showed that the appearance
of tumor neocapillaries induced by CaSki cells was markedly reduced on 14 and 28 days
after treatment of AE in high dose 3,000 mg/kg BW (Figure 4.14 B and D). However,
this antiangiogenic activity of AE was not observed in low dose treatment (300 mg/kg

BW) (Figure 4.14 A and C).

Figure 4.14 Confocal laser microscopic images of tumor microvascular network taken
from HPV-300AE (300mg/kg BW) for 14 days (A), HPV-3,000AE (3,000mg/kg BW) for
14 days (B) HPV-300AE for 28 days (C) and HPV-3,000AE for 28 days (D). The
microvascular network was visualized using 5% FITC-dextran fluorescence (MW
200,000), low magnification x100, Bar = 50 um.
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Effetct of aqueous crude extract of A. ebracteatus Vahl. on tumor capillary

vascularity in CaSki-implanted nude mice

Based on the confocal laser scanning images, the tumor capillary vascularity (CV)
was evaluated using a digital image analysis as previously described. Table 4.7 and

Figure 4.15 showed the percentage of capillary vascularity for all groups.

The results demonstrated that in both control groups with and without treatment
of AE, the capillary vascularity remained constant (%CV = 21.75 + 0.87 to 25.16 = 1.39)
during all experimental periods. In HPV-Veh groups, the capillary vascularity (CV) were
significant increase both at day 14" (% CV = 63.91 + 4.34) and day 28" (%CV = 71.80 +
2.43) after treatment (P < 0.001), when compared to the aged-matched control groups
with and without AE treatment (Table 4.7). Moreover, the capillary vascularity in HPV
groups on day 14™ of treatment was not significant difference compared with the

th

capillary vascularity value on day 28 of treatment. This resulted indicated that the
cervical carcinoma-induced neovascularization occurred in early stage of cancer

development.

The mean capillary vascularity of HPV group with low dose AE (300 mg/kg BW)
was significant decrease when treatment for 14 days (%CV = 49.55 + 3.91) (P < 0.001),
but not significantly different in 28 days of treatment (%CV = 68.33 + 2.25) when
compared to untreated group. In addition, high dose AE (3,000 mg/kg BW), could
significantly decrease mean capillary vascularity compared to HPV-Veh and HPV-
300AE at both 14 and 28 days of treatment (%CV = 26.93 + 3.57 and 37.95 + 1.64,
respectively) (P < 0.001). This results indicated that anti-angiogenic activity of
A.ebracteatus Vahl. aqueous crude extract on cervical carcinoma was dose-dependent

manner, but not depend on the duration of treatment.

It was noteworthy that, although the capillary vascularity was reduced in HPV-
3,000AE 28 days of treatment, there were still higher than all control groups (P < 0.001).
This was meant that the cervical carcinoma-induce neovascularization still in progressed.

This results indicated that the induction of capillary vascularity in CaSki cells-implanted
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nude mice was attenuated with high dose treatment of A.ebracteatus Vahl. aqueous crude

extract.

The relationship between capillary vascularity and tumor volume of every HPV
groups was demonstrated in Figure 4.16. The results showed a significant correlation
with a linear relationship between the mean of capillary vascularity and the mean of
tumor volume with a correlation coefficient, R* = 0.52 (P < 0.05). This result suggested
that the reduction in tumor capillary vascularity was linearly correlated with the decrease

in tumor volume.

Table 4.7 Capillary vascularity (%) of tumor tissue of CaSki cells-implanted nude mice

with and without AE treatment.

Groups Capillary vascularity (%)/
Days after treatment
At day 14" At day 28"

Con-Veh 21.75+£0.87 21.78 £1.34

(n=4) (n=4)
Con-300AE PomliESSIRe 23.35+2.27

(n=5) (n=5)
Con-3,000AE 24.50 £ 1.00 24.09 £ 1.50

(n=4) (n=4)
HPV-Veh 63.91 +4.34' 71.80 £2.43'

(n=5) (n=4)
HPV-300AE 49.55+391" 68.33 £2.25%"""

(n=3) (n=4)
HPV-3,000AE 26.93 £3.57° 37.95 £ 1.64™°

(n=4) (n=4)

Notes: Data are expressed as mean £ SEM,
TP<0.001 significant difference compared to age matched Con-Veh,
"P<0.001 significant difference compared to age matched HPV-Veh,
"P<0.005 significant difference compared to age matched HPV-Veh,
1p<0.001 significant difference compared within HPV-300AE group,
€p< 0.005 significant difference compared to age matched HPV-300AE,
MNon-significant difference compared to age matched HPV-Veh.
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Figure 4.15 The percentage of Capillary vascularity of 14 days and 28 days after vehicle
(distilled water), AE (300 and 3,000 mg/kg BW) treatment in control and HPV groups.

Notes: Data are expressed as mean + SEM,

TP<0.001 significant difference compared to age matched Con-Veh group,

*P<0.001 significant difference compared to age matched HPV-Veh group,
P<0.005 significant difference compared to age matched HPV-300AE group,
"P<0.001 significant difference compared between day 14" and day 28" of treatment.
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Figure 4.16 Plotting of data of % capillary vascularity (CV, (x-axis)) and tumor volume
(y-axis) for three groups (HPV-Veh, HPV-300AE, HPV-3,000AE). The solid line
represent correlations between x and y, the correlation is expressed of y = 3.0532x -

12.377, R?=0.52, p=0.108).
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Effect of aqueous crude extract of 4. ebracteatus Vahl. on tumor angiogenic

and apoptotic biomarker : VEGF and P53

Tumor expression of VEGF and P53 was determined by immunohistochemical
analysis. Quantification the level of tumor VEGF and P53 expression by using Image-Pro

Plus software program.

Tumor tissue VEGF expression

VEGF expression was mainly detected on the cell cytoplasm and the membrane
of the tumor cells and the positively stained cells showed a brown-yellow color (Figure

4.17 and 4.18).

Figure 4.17 showed VEGF immunoreactivity of mice skin from control groups
with and without treatment of AE crude extract, and the weakly stained cells with light
brown staining of VEGF positive were found in all layers of skin. VEGF expression were
observed in basal cells and glands in epidermis layer, sweat gland and endothelium cell

of vessels in dermis layer, and muscular layer.

Quantification of the percentage of area of VEGF staining per ROI (%), the %
area of VEGF expression per ROI of vehicle control group (32.89 = 2.06 to 33.17 £ 1.12)
was not significantly different compared with Con-AE groups (29.64 + 2.22 to 40.40 +
3.47) (Table 4.8). This data demonstrated the physiological level of VEGF expression in
normal mice skin, which was the same level in normal mice received AE in the dosage of

300 mg/kg BW and 3,000 mg/kg BW for 14 and 28 day.

In both HPV-Veh 14 and 28 days groups, the strongly intensity of VEGF staining
was detected in cytoplasm and cell membrane in almost all tumor cells in the tumor area
(Figure 4.18). AE treatment in high dose (3,000 mg/kg BW) showed moderate intensity
brown staining, while strong intensity brown stained tumor cells were seen in low dose

treatment (300 mg/kg BW).
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Table 4.8 and Figure 4.19 demonstrated that the percentage of area of VEGF
expression in tumor tissue in HPV-3,000AE both groups (14 and 28 days) was
significantly less than HPV-Veh and HPV-300AE groups in age-matched compared (P <
0.001). This result suggested that high dose treatment of 4. ebracteatus Vahl. aqueous
crude extract could reduce the increasing of level of tumor VEGF expression in cervical
carcinoma bearing mice. This inhibitory activity on VEGF expression of A. ebracteatus
Vahl. aqueous crude extract was dose-dependent, but not depend on the period of

treatment.

Figure 4.20 presented the relationship between % area of tumor VEGF expression
and tumor volume of all HPV groups, which was not significantly correlated (y =

1.6686x + 33.686, R?=0.11, P=0.518).

The relationship between % area of tumor VEGF expression and capillary
vascularity of every HPV groups was presented in Figure 4.21. The resulted
demonstrated a significant correlation fitted with a linear relationship between the mean
of % area of tumor VEGF expression and the mean of capillary vascularity with a
correlation coefficient, R? = 0.82, y = 0.9306x - 11.219, P<0.05. This result indicated
that the reduction in tumor VEGF expression was linearly correlated with the decrease in

tumor capillary vascularity.
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Figure 4.17 The immunoreactivity of VEGF expression in epithelial layer of nude mice

normal skin from Con-Veh group (A), Con-300AE group (B), and Con-3,000AE group
©O.

Notes: The histological study by H&E, at magnification x100, and x400.
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Figure 4.18 The expression of VEGF in subcutaneous tumor nodule excised from CaSki
cells-implanted nude mice of HPV-Vehl4day (A), HPV-Veh28day (B), HPV-
300AEl4day (C), HPV-300AE28day (D), HPV-3,000AEl4day (E), and HPV-
3,000AE28day (F). The histological study by H&E, at magnification x100, and x400.
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Table 4.8 Percent of area VEGF expression per ROI (%) in tumor tissue from CaSki

cells-implanted nude mice with and without AE treatment.

Area of VEGF expression per ROI (%)/

Groups Days after treatment
At day 14™ At day 28™
Con-Veh 32.89 +2.06 (n=4) 33.17 + 1.12 (n=4)
Con-300AE 29.64 +2.22 (n=5) 37.26 + 1.49 (n=5)
Con-3,000AE 40.40 + 3.47 (n=4) 35.17 + 3.05 (n=4)
HPV-Veh 80.96 +2.16 (n=5)" 80.56 + 1.09 (n=4)"
HPV-300AE 77.33 +3.87 (n=3)""® 77.99 + 2.30 (n=4)""*
HPV-3,000AE 54.64 +3.59 (n=5)""* 45.63 + 3.47 (n=4)

Notes: Data are expressed as mean + SEM,

T P<0.001 significant difference compared to age matched Con-Veh group,

" P<0.001 significant difference compared to age matched HPV-Veh group,

Y P<0.001 significant difference compared to age matched HPV-300AE group,
N Non-significant difference compared to age matched HPV-Veh group.
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Figure 4.19 The percentage area of VEGF expression per ROI (%) in tumor tissue of 14
days and 28 days after vehicle (distilled water), AE (300 and 3,000 mg/kg BW) treatment
in control and HPV groups.

Notes: Data are expressed as mean + SEM,

+P<0.001 significant difference compared to age matched Con-Veh groups,
€P<0.001 significant difference compared to age matched HPV-Veh groups,
1P<0.001 significant difference compared to age matched HPV-300AE groups.
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Figure 4.20 Plotting of data of % area of VEGF expression per ROI in tumor tissue (x-
axis) and tumor volume (y-axis) for three groups (HPV-Veh, HPV-300AE, HPV-
3,000AE). The solid line represent correlations between x and y, the correlation is

expressed of y = 1.6686x + 33.686, R*=0.11, P=0.518.
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Figure 4.21 Plotting of data of % Area of VEGF expression per ROI in tumor tissue (x-
axis) and %capillary vascularity (%CV, (y-axis)) for three groups (HPV-Veh, HPV-
300AE, HPV-3,000AE). The solid line represent correlations between x and y, the
correlation is expressed of y = 0.9306x - 11.219, R2=0.82, P=0.030.
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Tumor tissue P53 expression

Tumor P53 expression was mainly detected in the cell nuclei and the positively
stained cells showed a dark brown color. Staining intensity was generally moderate to

strong (Figure 4.22).

P53 immunoreactivity of mice skin from every control groups with and without
treatment of AE crude extract were not detected the P53 positive cells in all layers of

skin.

In both HPV-Veh 14 and 28 days groups, p53 stained tumor cell was found in a
very small number or almost none (Figure 4.2). Table 4.9 and Figure 4.23 showed
proportion of number of P53-positive tumor cells per total tumor cells (%). The results
showed that the number of p53-positice tumor cell in HPV group without AE treatment
(1.75+0.23 to 2.96+2.96) was lower than age-matched HPV groups with AE treatment (P
<0.001).

In HPV-AE groups, the number of p53-positive tumor cells were significantly
elevated compared with age-matched HPV-Veh group. Elevations of P53 expression in
HPV group with high dose AE (3,000 mg/ kg BW) (32.66+4.18 to 35.48+0.35) were
significantly higher than in low dose AE (300 mg/kg BW) in both 14 and 28 days of
treatment (16.27+2.43 to 13.51+£4.46) (P < 0.001). Tumor P53 expression of HPV-AE
treated groups were not significantly different between the period of treatment (Table 4.9
and Figure 4.23). This result suggested that A. ebracteatus Vahl. aqueous crude extract
could be restored p53 expression in cervical carcinoma in dose-dependent manner, but

the time response was not observed.

Figure 4.24 presented the relationship between % P53-positive tumor cells and
tumor volume of all HPV groups, which were very low (R* = 0.14, P=0.464). However,
these results demonstrated the trend of reduction in tumor volume was linearly correlated

with the increase in tumor p53 expression.
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The relationship between % P53-positive tumor cells and % capillary vascularity
of every HPV groups was presented in Figure 4.25. The resulted demonstrated a
significant correlation fitted with a linear relationship between the mean of P53 -positive
tumor cells and the mean of capillary vascularity with a correlation coefficient, R*=0.82,
y =-1.1347x + 72.485, P<0.05. This result indicated that the reduction in tumor capillary

vascularity was linearly correlated with the increase in tumor p53 expression.

Figure 4.26 presented the relationship between % P53-positive tumor cells and
% area of VEGF expression in tumor tissue of every HPV groups. The resulted
demonstrated a significant correlation fitted with a linear relationship between the mean
of P53-positive tumor cells and the mean of % area of tumor VEGF expression with a

correlation coefficient, R’= 0.86,y=-0.9593x + 85.313, P<0.01.

This result indicated that the reduction in tumor VEGF expression was linearly

correlated with the increase in tumor p53 expression.
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Figure 4.22 Immunohistological study of nuclear staining of p53 in tumor cells of
normal skin and tumor tissue excised from CaSki cells-implanted nude mice with and
without AE treatment, normal skin (A), HPV-Veh (B), HPV-300AE14day (C), HPV-
300AE28day (D), HPV-3,000AE14day (E), and HPV-3,000AE28day (F).
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Table 4.9 Proportion of number of P53-positive tumor cells per total tumor cells (%) of

tumor tissue from CaSki cells-implanted nude mice with and without AE treatment.

Number of P53-positive cells (%)/

Groups Days after treatment
At day 14" At day 28™
HPV-Veh (n=9) 1.75 +0.23 2.96+2.96
HPV-300AE (n=7) 16.27 +2.43" 13.51 £4.46™"S
HPV-3,000AE (n=9) 32.66+4.18"" 35.48 £0.35°"

Notes: Data are expressed as mean + SEM,
"P<0.001 significant difference compared to age matched HPV-Veh group,
P<0.001 significant difference compared to age matched HPV-300AE group,

NS Non-significant difference within group.
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Figure 4.23 The proportion of number of P53-positive tumor cells per total tumor cells
of tumor tissue from CaSki cells-implanted nude mice at 14 days and 28 days after

vehicle (distilled water), AE (300 and 3,000 mg/kg BW) treatment in HPV groups.

Notes: Data are expressed as mean + SEM,
+P<0.001 significant difference compared to age matched HPV-Veh groups,
1P<0.001 significant difference compared to age matched HPV-300AE group.
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Figure 4.24 Plotting of data of The proportion of number of P53-positive tumor cells in
tumor tissue (%) (x-axis) and Tumor volume (y-axis) for three groups (HPV-Veh, HPV-
300AE, HPV-3,000AE). The solid line represent correlations between x and y, the
correlation is expressed of y = -2.0027x + 183.94, R*=0.14, P=0.464.



99

100 -
90 -
S 80 A
g 10 4 2
=
= *
= -
2 60 y=-1.1347x + 72.485
>
2 S50 7 . R2=0.8151
=
'g_ 40 *
30 .
20 -
10
0 T T T 1
0 10 20 30 40

P53-positive tumor cells (%)

Figure 4.25 Plotting of data of The proportion of number of P53-positive tumor cells in
tumor tissue (%) (x-axis) and % Capillary vascularity ((%CV),y-axis) for three groups
(HPV-Veh, HPV-300AE, HPV-3,000AE). The solid line represent correlations between x
and v, the correlation is expressed of y = -1.1347x + 72.485, R*=0.82, P=0.014.
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Figure 4.26 Plotting of data of The proportion of number of P53-positive tumor cells in
tumor tissue (%) (x-axis) and Tumor area of VEGF expression (%) (y-axis) for three
groups (HPV-Veh, HPV-300AE, HPV-3,000AE). The solid line represent correlations
between x and y, the correlation is expressed of y = -0.9593x + 85.313, R*=0.86,
P=0.005.
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CHAPTER V

DISCUSSION

Cervical cancer is one of the leading cancer causes of death, and the second most
common cancers in women worldwide, especially in developing countries [9]. The most
important etiological factor of cervical cancer is HPV infection, and more than 99% of all
cervical cancer have been found to be positive for HPV [6]. High-risk HPV strain are
oncogenic, which are known to be directly associated with cervical cancer. HPV 16 is the
most type associated with cervical cancer worldwide, and responsible for 50% of HPV-
associated cancer, followed by HPV18 is responsible for 20% of HPV-associated cancer
[50]. In Thailand, cervical cancer is the most common cancer and the third common
cause of death among Thai women [246-252]. The histological type of overall cervical
cancer have been reported that 80 percent of cervical cancer are squamous cell
carcinomas (SCCs), while adenocarcinomas are found about 20 percent. In addition,
HPV16 is the most genotype was detected in all SCCs, followed by HPV18 [34].
Therefore, HPV 16 is considered as the one key target for cervical cancer prevention and

treatment.

Furthermore, there are also many other factors that important on cervical cancers
growth such as tumor angiogenesis, the development of new blood vessels in order to
maintain tumor cells growth and differentiation. Several studies have demonstrated the
association between the tumor progression and clinical pathological features including
microvascular density and the expression of angiogenic factors such as VEGF and PD-
ECGF [17, 23, 253]. Therefore, anti-angiogenic agents are considered for cancer

therapeutic drugs.

In the present study, all experiments were designed to investigate the effects of

aqueous crude extract of 4. ebracteatus Vahl. on tumor growth and tumor angiogenesis
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and level of apoptotic and angiogenic biomarkers, VEGF and P53 by using cervical

cancer cells with integrated HPV-16 DNA-implanted nude mice model.

Part I : In vitro study of anti-proliferative effect of 4. ebracteatus Vahl. agueous

crude extract in cervical cancer

The in vitro study was performed by using the short-term 3 hours incubation of
AE in 3 different cancer cells and one normal cell lines. The trypan blue exclusion study
demonstrated that the solution of AE (10°-10" pg/ml) was nontoxic towards all cancer
cells, CaSki, HeLa and HepG2, and normal cell, HDF with the percentage of cell viability
was more than 90% (Table 4.1). This medicinal herb was extracted with water and could
be soluble in the cell culture medium, from this reason the crude extract may be less
acute toxic to the cells. With this in vitro finding, it implied that AE (107-10* pg/ml) did
not show any acute damages or causing any direct killing effects on both cancer and
normal cells. However, in the study of Babu and co-workers (2002) who demonstrated
that 3-hour incubation of alcoholic extract of A. ilicifolius Linn. (10-1,000 pg/ml) with
two ascites tumor cells, DLA cells and EAC cells did not show any nontoxic results [34].
Both A. ilicifolius Linn. and A. ebracteatus Valh belong to the same Acanthus spp., both

of them have similar bioactivities and almost bioactive ingredients [91].

From Table 4.2 by using MTT assay, the results showed that A. ebracteatus Vahl.
aqueous crude extract exhibited growth-inhibitory effect against CaSki, HeLa, HepG2
and HDFs in dose-dependent manner (10~ — 10* pg/ml) and not depend on the duration
time of incubations, 24, 48 and 72 hours. In addition, the results also showed that the
growth inhibitory effect of AE against cancer cells seem to lower than those required for
normal cells when compared at the same incubation period.

According to the data of dose-response curve with exposure time of 48 hours
(Figure 4.7 - 4.9), AE inhibited the growth of three cancer cells better than normal cells.
Since, AE exhibited anti-proliferative activity against CaSki, Hela, HepG2 and HDFs
cells with ICsy values was 4,984.68 + 498.72 ug/ ml, 6,072.50 + 573.29 pg/ ml, 6,419.50
+2,282.62 pg/ ml, and 7,382.40 + 211.05 pg/ ml, respectively. In particularly, when the
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values of the mean of ICsy of AE from each experiment of each cell were calculated, the
results showed that the ICsy value of CaSki was significantly lower than ICsy value of
HDFs (P <0.001).

As an overall of the in vitro assay findings, the results implied that 48 hours
exposure of A. ebracteatus Vahl. aqueous crude extract could decrease the number of
viable CaSki cancer cells which may associate with its inhibitory effect on cellular
proliferation. However, this aqueous extract showed a weak effect of cytotoxicity to
CaSki cell, but not for normal cells. Because the concentration of AE that produced
~50% net cell death was relatively high when considered by the criterion of cytotoxic
activity for natural crude extract on cancer cells recommended by the American National
Cancer Institute (NCI) (ICs¢ < 100 pg/ml) [254]. Because of A. ebracteatu Vahl.
aqueous extract compounds were extracted by boiling with water, which could separate
the active ingredients in a small amount comparison with others extraction solutes.

Our results were similar to the study of Phisalaphong and co-workers in 2006,
their MTT assay data demonstrated that aqueous extract of 4. ebracteatus Vahl. showed
the cytotoxicity against both cancer cells, KB cells (ICso = 4,000 pg/ml) and HeLa cells
(ICso = 3,800 pg/ml). In addition, when the aqueous extract of 4. ebracteatus Vahl. was
removed the salt by nanofiltration membrane or called desalted product, it exhibited
better toxicity against both KB and HeLa cancer cells with ICsy = 3,200 pg/ml and
IC50=3,500 pg/ml, respectively [48]. Moreover, the alcoholic extract of A. ilicifolius
Linn. (Acantus spp.), which were claimed for having similar bioactivity as 4. ebracteatus
Vahl., was found to inhibit murine lung fibrosarcoma cells (L929) with ICs, values = 18
pg/ml with explosion time was 72 hours [34]. The previous study reported by Siripong
and co-workers in 1998 who have isolated active constituents of the 4. ebracteatus Vahl.
with various solvents (such as water, n-pentane, ethyl acetate, methanol, and n-butanol)
by chromatographic methods had found that fives isolated constituents, sulphur,
stigmasterol, B-sitosterol, lupeol, and polysaccharide showed no cytotoxic activity against
P388 lymphocytic leukemia (ICsp > 30 pg/ml) [41].

Therefore, the results of the present study using in vitro assay seem to confirm

that A. ebracteatus Vahl. aqueous crude extract showed non-toxic in short-term
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treatment with significant weak inhibitory activity on CaSki cells growth. And it
suggests that desalt or modified isolation method may require for enhancing AE
potential in the future.

The potential active ingredients in A. ebracteatus Vahl. aqueous crude extract

that might responsible for this weak growth inhibitory effect on CaSki Cells are described

as followings:-

From the results encountered that 4. ebracteatus Vahl. aqueous crude extract had
growth-inhibitory activity on CaSki cells more than other two types of cancer cells, HeLa
and HepG2. The type and quantity of certain active compounds found in AE may be
exhibited specific growth-inhibitory activity on certain types of cancer cells. This result is
related to many previous investigation that found many bioactive compounds from A4.
ebracteatus Vahl. had different anti-tumor activity specific to some kind of cancer cells.
According to Siripong and co-workers (1998) have demonstrated that A. ebracteatus
Vahl. aqueous extract and its bioactive compounds, sulphur, stigmasterol, B-sitosterol,
lupeol, and polysaccharide were non-toxic towards P388 lymphocytic leukemia [41]. On
the other hand, numerous studies suggested that dietary phytosterol may offer cancer
protection [255]. In vitro studies using established the cancer cell lines have revealed an
inhibitory effect of PB-sitosterol, the most common dietary phytosterol. B-sitosterol has
been found to have anti-tumor effect on CA755 mouse mammary adenocarcinoma,
L1210 mouse lymphocytic leukemia, walkwer 256 carcinosarcoma (WA256), but non-
toxic to B16 melanocarcinoma, Lewis lung carcinoma (LE), Sarcomal80 (SA180), KB
human nasopharyngeal carcinoma [47]. In addition, supplementation with -sitosterol (16
mmol/L for 5 days) exhibited growth-inhibitory activity on HT-29 cells, a human colon
cancer cell and LNCaP, a human prostate cancer cells [256, 257]. While, Stigmasterol
was non-toxic towards P388 lymphatic leukemia, CA755, L1210, SA180, and WA256

cancer cell lines.

Apoptosis or programmed cell death as influenced by B-sitosterol, has been

investigated in cancer cell lines, 16 mmol/L B-sitosterol was found to induce apoptosis of

MDA-MB-231, breast cancer cells and LNCaP cells by 4-6 fold above control levels after
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3-5 d of treatment [255]. The mechanism by which B-sitosterol inhibited cancer cells
growth and stimulated apoptosis has been investigated [226, 227, 258]. B-sitosterol-
induced-apoptosis through caspases activation in HCT116, human colon cancer and
MDA-MB-231 [225, 259]. Similarly, Park and co-workers (2007) have reported that -
sitosterol stimulated apoptosis of human leukemia cells by increased activity of caspase-3
through downregulation of Bcl-2 [227]. Moreover, B-sitosterol induced MCA-102 tumor
cells apoptosis via alteration of P53 and P21 resulting decreased anti-apoptotic Bcl-2
protein and IAP family (XIAP, cIAP-1 and cIAP-2) and increased pro-apoptotic Bax
[226]. They also suggested that B-sitosterol stimulated apoptosis through the activation of
ERK and the blockage of the PI3K/Akt signaling pathway. Moreover, B-sitosterol is non-
cytotoxic at physiologic levels on cells (4—70 mmol/L in the blood) [260]. Furthermore,
treatment of P-sitosterol in breast cancer cell line at the highest concentration (16
mmol/L) had no effect on membrane integrity, indicated that [-sitosterol was not
damaged cancer cells directly. Interestingly, [-sitosterol also has anti-microtubule
activity which might contribute to the proliferation inhibition of HPV -associated cervical
cancer SiHa cells [261].

Focus on lupeol, the triterpenoids that was found in that A. ebracteatus Vahl.,
which was claimed to has capacity for inhibiting the proliferation of a variety of cancer
cells. Lupeol exhibited an anti-tumor activity against WA256, HepG2, H-411E (rat
hepatoma), A-431 (human epidermoid carcinoma), but not to LE, SA and KB cancer cell
lines [262]. Similarly, Lambertini and co-workers (2005) demonstrated that lupeol
inhibited MDA-MB-231 cells proliferation in dose-dependent manner [263]. On the other
hand, lupeol presented weak anti-proliferative activity on MCF-7 breast cancer cells
[264]. In other investigation, lupeol affected on HeLa cell growth was inhibited by 27.6%
[265] with ICsy values as higher than 50 uM [266]. The mechanism in growth inhibition
of lupeol depended on the specific cancer cell types, that lupeol may display slightly
difference mechanisms of inducing apoptosis [214]. In A431 cancer cells, lupeol was
associated with the caspases-dependent-mitrochondrial cell apoptosis pathway by

activated Bax, caspases, apoptotic protease activating factorvl (Apafl), decreased Bcl-2
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expression, cleaved poly(ADP)ribose polymerase (PARP) [267]. In hepatocellular
carcinoma SMMC7721 cells, lupeol showed the inducing apoptosis by activation of
caspase-3 expression, down-regulation of death receptor 3 (DR3) and overexpression of
FADD mRNA [268]. Moreover, some studies demonstrated that Lupeol acted as a potent
inhibitor of protein kinases and serine proteases, and inhibits the activity of DNA
topoisomerase I, a target for anticancer chemotherapy [262, 269-272].

Other triterpene, Ursolic acis (UA), which found in Acanthus spp., A. ilicifolius
Linn. has been demonstrated to have the effects of anti-inflammatory, antioxidant, and
antitumor [273-275]. Numerous studies have demonstrated many pathways of the
mechanism of action of UA in cancer cell growth inhibition. UA could inhibit the
activities of DNA polymerase and DNA topoisomerase and decrease in cell proliferation
[276]. Moreover, UA could induce cancer cell apoptosis by increasing the level of
intracellular calcium ion [277], suppressing the expression of FoxM1 [278] and up-
regulating of death receptors [279]. Furthermore, UA exhibited growth-inhibitory activity
on gastric cancer BGC-803 cells in dose- and time-dependent manner by stimulated

apoptosis through activated caspases and down-regulated Bel-2 [278].

Interestingly, ursolic acid has demonstarted that suppressed the growth of Hela,
CaSki, and SiHa, HPV-positive cervical carcinoma cells in a dose- and time-dependent
manner, but was not in the HPV-negative cervical cancer cell line (C33A). Moreover, UA
inhibit HPV-associated cervical cancer (Hela) proliferation through stimulating apoptosis
via the signal pathway Fas—-caspase-§—>PARP”. Moreover, in UA-treated HeLa cells
have also observed the decreasing of HPV-18 E6/E7 gene expression would contribute to
growth inhibition, but the levels of p53 and pRb proteins did not change [280]. Thus,
ursolic acid may be one of the important active compounds from A. ebracteatus Vahl.
which might be useful for an effective anticancer drug in treatment of HPV -associated
cervical neoplasia.

Moreover, benzoxazolines-2-one were extracted from the roots of A. ilicifolious
Linn. [46], and ribose derivatives of this compounds were known to be active as

anticancer and antiviral agents [33].
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Another point is interesting that plant derived extracts containing antioxidant
principles exhibited cytotoxicity towards cancer cells [281]. Since, from previous
biochemicals composition study of 4. ebracteatus Vahl. demonstrated that were rich in
antioxidant compounds such as alkaloids, flavonoids, lignan glycosides, phenylethanol
glycosides, triterpenoids, and polysaccharide [37, 38, 40, 42, 46, 96, 97, 99, 104, 110,
204]. In addition, the antioxidant genes related to reactive oxygen species (ROS)
scavenging system have been analyzed from many parts of this plant [282]. Numerous
studies have shown that alkaloids, the phenolic compounds, can inhibit carcinogenesis by
affecting the molecular events in the initiation, promotion or progression states. In
addition, the phenolic compounds have cytotoxic activity towards HelLa cells [283]. Anti-
cancer activity of antioxidative phytochemicals may be related with the induction of
cancer cells apoptosis [284]. The free radical hypothesis that ROS can act as anticancer
by the promotion of cell-cycle stasis, senescence, apoptosis and necrosis, or as pro-cancer
by stimulating cell proliferation, causing DNA mutations, and promoting genetic
instability [285]. Therefore, the antioxidative activity of A. ebracteatus Vahl. aqueous
crude extract may be involved in the induction of cancer cells apoptosis that causes of

cancer cells growth inhibition.

From the above reviewed evidences for AE active ingredients, it can confirm our
idea that AE was not directly kill the cancer cells, but its anti-cancer property appears to
inhibit cancer cells growth in associated to stimulating cell apoptosis, However, its exact
mechanism(s) need to perform further investigation including the in vivo model that will

be described in the following Part II.

Part II: In vivo study: Anti-tumor and anti-angiogenic effects of A. ebracteatus

Vahl. aqueous crude extract in cervical cancer

In the following session, the results of in vivo study will be discussed in two
different categories, one is about the cervical cancer mice model and the other one is
about effects of A. ebracteatus Vahl. aqueous crude extract on tumor growth and tumor-

angiogenesis.
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Cervical cancer mice model

The innovation on establish a mouse model for CaSki-containing HPV-16
cervical cancer study is successfully attained. We have modified our previous technique
for induced HeLa-containing cervical cancer mouse [244] by using subcutaneous
injection of 1 x 107 CaSki cells into mouse’s dorsal skin. With this technique, a tumor
nodule at dorsal skin was established at 1 week after the inoculation as shown in Figure

4.10 (C).

In addition, the successfully establishment of this mouse acquired HPV-associated
cervical cancer mice model was confirmed by the histopathological examination as well
(Figure 4.11). These histological data which was interpreted under the Pathologist’s
supervise demonstrated that malignant tumor features with particularly morphology of
squamous cell carcinomas was appeared since 1 week after CaSki cells inoculation
(Figure 4.11 C and D). Moreover, the histological examination performed for different
specimens from different organs indicated that there was no metastasis observed in the

peritoneal cavity, liver and lung.

The number of CaSki cells that were used to create this tumor model was more
than previous model of HeLa-containing cervical cancer mouse [244]. Since there are
two distinct factors, the first one is type of cancer cell lines, Caski cells contained DNA
of HPV-16 type approximately 500-600 copies/cell, presented E6 and E7 oncogenes
transcription that expressed in malignant cancer cells [286], while HeLa cells contain
with only 20-50 copies of HPV-18 type DNA. In addition, epidemiological report that
HPV-16 was mostly detected in squamous cervical carcinoma followed by HPV-18.
HPV-18 was commonly found in adenocacinoma than HPV-16 [287]. This is consistent
with our results of the pathological examination of tumor tissue from CaSki cells-
implanted mice. The second different factor is method of modeling, CaSki cell were
injected into subcutaneous layer of mice dorsal skin directly, while the dorsal skin fold
chamber was used in previous model [244]. Inoculated cancer cells were trapped within

the exactly area in the chamber and contact the basal epithelium layer of mice skin
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directly. While, dorsum subcutaneously injection of CaSki cell which could not limit the
cell in specific area and cancer cells spread throughout under mice skin. However, it
close to several experiments that CaSki cells were used in amount of 5 x 10° - 2 x 10’
cells/mouse to produce cervical cancer mice model by subcutaneously injection [288-
291].

From the results indicated that HPV16-associated cervical carcinoma mice model
comprise basic feature of the malignant HPV-associated lesion, squamous cervical
carcinoma. In addition, modeling by subcutaneously injection is an easy simply, not
cause of stress in mice, do not need anesthesia, and highly reproducible. Therefore, this
tumor mice model may provide a valuable of investigation of novel agents and
therapeutic treatment for HPV16-associated cervical cancer in the future.

Tumor growth in cervical cancer mice model

When CaSki cells were injected subcutaneously into dorsal skin of nude mice, the
cells grew rapidly to form solid tumors in almost all animals within 2-3 weeks after
inoculation. The tumor volume were measured by vernier caliper and calculated by the
formulas; volume (mm?) = n/6.(length).(width).(height) [292]. As shown in Table 4.5,
the increasing in tumor volume were observed during tumor progression from day 14™ -
day 28", and tumor volume at day 28" was more than day 14™ (P < 0.05). Moreover,
tumor bud could be seen within 1 weeks after cells inoculation, and then it rapidly grew
up to tumor nodule and tumor mass within 2-3 weeks later (Figure. 4.10 A-E).

CaSki is a cervical cancer-derived cell lines, which contained only integrated
DNA, and transcripts were presented that could code for the early open reading frame
(ORF) E6 and E7 [286]. HPV DNA EG6 and E7 are the critical viral oncogenic proteins,
which interact and interfere the functions of tumor suppressor proteins p53 and pRb,
resulting in initiate pre-cancerous lesions and cancer [293]. P53 and pRb are known as
regulators of cell cycle and cell apoptosis. When HPV-E6 oncoproteins bind to host p53
tumor suppressor protein through E6-AP protein, then it will cause p53 to degrade via the
ubiquitin proteolytic pathway [57, 58]. After this HPV-E6 induced failure of p53
function, therefore, HPV infected cells turn to proliferate uncontrollably, and may lead to

carcinogenesis and formation of malignant tumors. The other side, E7 viral protein binds
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to the pRb and interfere theirs function by interruption of pRb-E2F complex results in the
release of E2F, and allows it act as transcriptional activator of necessary proteins for
DNA synthesis, and progression into the S phase of cell cycle [9, 62, 64]. Moreover,
when HPV infected cancer cells exhibited the overexpression of E6 and E7 proteins that
will further enable uncontrolled proliferation through activating cellular cyclin E and A
[59, 60], and then allow immortalization and malignancy transformation of cells [9].

This data indicated that CaSki, HPV-16 derived cervical cancer cells proved
tumorigenic activity when injected into nude mice subcutaneously at dorsal skin, formed
solid tumors. Similarly to other studies that subcutaneously injection with CaSki cells
(1.5 x 10° cells) could detect the palpable tumor within about 7 days after cell injection
[288, 289, 294]. During tumor progression, the HPV genomes often integrate into the
host chromosome, which results in a constant level of E6/E7 proteins via stabilization of
the mRNA, accumulation of oncogenes mutation, further loss of cell-growth control, and
ultimately cancer [63]. As the results showed that the implanted CaSki cells grew up
rapidly to form solid tumors in almost all animals within 2-3 weeks after inoculation, and
tumor volume significantly increase continuously after inoculation until 35 days.

In Table 4.4., it showed that the values of body weight between CaSki-cells
implanted mice and its aged-match control were no significant difference, even though
the tumor growth was observed during this period (P<0.05). Unfortunately, we did not
monitor weight of each tumor mass, therefore, the ratio of tumor weight per body weight

of each group could not inform in this study.

Tumor p53 expression in cervical carcinoma tissue

By using immunohistochemical technique, the results showed that p53 expression
was not found in normal skin from all control nude mice (Figure 4.22A). It is well
known that in normal, unstressed cells, the level of p53 protein is extremely low, through

a consequent continuing degradation of p53 by Mdm?2 [295-297].

According to HPVE6/E6AP protein could inactivate and accelerate loss of active
p53 protein, however, the expression of p53 was detected very low in tumor tissue from

CaSki cells-induced cervical cancer mice (Figure 4.22B and Table 4.8). This result is
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fully agreement with the previous reports by Butz and co-workers demonstrating that p53
protein is not completely inactivated in cervical cancer cells [298, 299]. This indicated
that tumor mice model induce by CaSki cells lacked of active p53 causes by tumorigenic
activity of HPVEG6 protein. Moreover, founding of the expression of p53 in cervical
cancer induced by CaSki cells was to confirm that this model was tumor harboring wild-
type p53, which has a functional p53 protein if very low amounts due to extensive
degradation [300, 301]. However, study of p53 expression in cervical cancer are also
controversial, several studies have suggested that p53 protein accumulation may be an
early event in cervical carcinogenesis [302-305]. While, numerous studies have reported
that p53 is involved lately in the process of tumor progression with poor prognosis in
SCCs [306]. In the other side, it has been reported that p5S3 expression was not correlated
with clinical stage and tumor volume in early stage SCCs with and without invasion to
lymphatic vascular space [268], and invasive SCCs [307]. Moreover, Looi and co-
workers (2008) have reported that p53 expression was found in 27% of cervical SCC
cases, but it had no significant relationship with SCC staging [308], however, the
alteration of anti-apoptotic protein, bcl-2 was observed in HGCIN (CIN3) and it
correlated with HGCIN staging that involved in the progression of neoplasia in the
uterine cervix. As mention above, p53 expression seem to be detected in almost stages of
cervical cancer lesion, but the relationship between p53 expression and clinical pathology
factor still remain unclear and cannot be conclusive.

By using Pearson Correlation, our present study showed that the p53 expression
was not correlated with the increase in CaSki tumor volume during 14-28 days of
experiment (R2 =0.14, P=0.464).

Tumor microvascularature in cervical carcinoma tissue

Base on the confocal microscopic images (Figure 4.14), the high density of
neocapillaries network around tumor-bearing site were found. These fluorescence labeled
microvascular images indicated the particular characteristics for these 21-day tumor
newly-formed capillaries which included endothelial cell sprouting, increase

permeability, increase capillary-diameter size, and high tortuous. After cells inoculation,
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the tumor capillary diameter at day 35™ (diameter ~ 10-15 um) seem larger than at day
21% (diameter ~ <10 pm), that consistent with other studies also reported that the diameter
of tumor capillaries increased with time [309, 310]. This phenomenon is commonly
recognized as tumor angiogenesis. The earliest histopathological features of tumor
angiogenesis such as microvascular dilation, tortuosity, hypermeability, and edema have

been reported by Hanahan and Folkman (1996) [311].

As well known that, VEGF and its receptors, play important roles in the formation
and growth of normal blood vessels and in tumor angiogenesis [82, 312]. Inhibition of
VEGEF signaling not only block growth of new tumor vessels, but can also disrupts tumor
angiogenesis process, remodel or destroys tumor vessels [313-317]. Such as,
VEGF/VEGFR inhibition can decrease the diameter, tortuosity, and permeability of
tumor vessels [313, 317], and transform tumor vessels which still alive into a more
normal phenotype [318, 319]. Therefore, the increases of tumor capillaries diameters in
HPV16-associated cervical cancer mice model might be due to the increment of
angiogenic factors, VEGF. Accordingly, the tumor VEGF expression was markedly

increased in 21 and 35 days of HPV groups after inoculation.

In the present study, tumor angiogenic index were evaluated and described by
the capillary vascularity shown in Table 4.6. The results indicated that in HPV-Veh
groups, capillary vascularity was significantly higher than the aged-matched control
group. This result indicated the tumor angiogenesis occurred in Caski cells-implanted
mice through the induction process of HPV16 DNA which described above. This result
was compatible with recent studies that angiogenesis is an important phenotype in all
stage of cervical cancer development [15, 16, 18-22, 80]. However, previous study has
suggested that the onset of angiogenesis in cervical cancer occurs very early during
premalignant stages [21], a cervical neoplasia [29] and that HPV oncoproteins may
involve in this process [29, 320]. In addition, previous studies have described that the
inactivation of wild-type p53 by high risk HPV oncoproteins E6 and E7 has the indirect
effect on promoting tumor angiogenesis via up-regulation of angiogenic factor, VEGF

[27, 29, 86, 321]. Beside this process also results in down-regulation of a potent
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angiogenic inhibitor, thrombospondin-1 (TSP-1) [321]. Our results demonstrated the
cervical carcinoma-induced neovascularization occurred in early stage of cancer
development, and the amount of neocapillaries of Caski cells-implanted mice was
significantly increased when compared to its aged-match controls (P < 0.001) (Figure
4.15).

Moreover, by using Pearson Correlation, the increasing of capillary vascularity of
Caski cell-implanted mice was specifically correlation to the increment of tumor VEGF
expression (y = 0.9306x - 11.219, R*=0.82, P<0.05) (Figure 4.21). In order to confirm
the importance of tumor angiogenesis for tumor growth and tumor progression, the
Pearson correlation was used and the result showed that the increase in tumor capillary
vascularity positively correlated with means of tumor volume (y = 3.0532x - 12.377,

R?=0.52, P = 0.108) (Figure 4.16).

VEGF expression in cervical carcinoma tissue

VEGF exhibits a potent angiogenic effect in cervical cancer [17]. Numerous
studies have reported that VEGF expression was found in all stages of cervical cancer
lesion correlated with microvascular density. Particularly, this MVD is used as an

important prognosis marker in cervical cancer [83, 322, 323].

Our present study showed the VEGF expression with strong intensity in tumor
area from CaSki cells-implanted mice skin (Figure 4.18 A,B), and percent area of VEGF
expression per ROI (%) was significantly increased up to ~2.5 times of aged-match
control value (Table 4.7). Moreover, by using Pearson correlation, our results shown in
Figure 4.21 indicated the significant correlation between VEGF expression and capillary
vascularity as previously mentioned.

The possible mechanisms of HPV-associated cervical carcinoma induced VEGF
expression have been proposed through many pathways including (1) HIF-1 a up-
regulated VEGF expression pathway, as well recognized as the hypoxic response
mechanism [324, 325], (ii) HPV-E6 induced p53-degradation caused up-regulation of
VEGF [14, 25], (iii)) HPV-E6 induced HIF-1a and up-regulation of VEGF expression
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[28, 79] (iv) HPV E6- and E7-directly induced VEGF expression [26, 27], (v) HPV E7
up-regurates VEGF expression via c-myc pathway [29].

As mentioned above, inactivation of active P53 protein status by E6 viral
oncoprotein not only is an important step in the HPV -associated carcinogenesis, but also
directly related in tumor angiogenesis process. In accordance with our results of the
relationship between VEGF and p53 expression showed highly negative correlation (y =
0.9593x - 85.313, R?=0.86, P < 0.01). Moreover, p53 expression was also highly negative
correlated with capillary vascularity (y = 1.1347x - 72.485, R>=0.82, P < 0.05).
Therefore, based on our finding, it implied that not only the basic hypoxic response
mechanism, but also the degradation of p53 through HPV-E6 oncoprotein might be
accounted as the other mechanism caused the increase in VEGF expression, with

consequently initiate angiogenesis in CaSki cells-implant nude mice.

Effects of A. ebracteatus Vahl. agueous crude extract on tumor growth and tumor-

angiogenesis.

In the present study, we demonstrated for the first time that A. ebracteatus Vahl.
aqueous crude extract could inhibit tumor angiogenesis and tumor growth in cervical
cancer derived HPV16-implanted nude mice model.

High dose of AE (HPV-3,000AE) could inhibit or delay tumor growth, that
verified by the reduction of tumor volume (compared with HPV-Veh group, P < 0.001)
(Figure 4.12), when treated for 28 days. This result indicated that AE exhibited the
inhibitory effect on tumor growth in dose- and time-dependent manner. Previously report
of in vivo antitumor studies revealed that crude aqueous extract and theirs active
compounds exhibited a weak antitumor activity against Sarcoma 180 ascites cell-
transplanted ICR rats [41]. In addition, Acanthus spp., Acanthus ilicifolius Linn. could
reduced tumor volume of ascites tumor harboring animals [34].

In present study, the growth-inhibitory activity of AE may produce through its
potential on the induction of cancer cells apoptosis. This action of cell apoptosis
induction may responsible by its active ingredients like B-sitosterol, lupeol, and ursolic

acid, which have been discussed in the previous Part I, the in vitro study. Especially, -
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sitosterol could also induce cancer cells apoptosis via alteration of p53 and p21 in murine
fibrosarcoma MCA-102 cancer cell lines [226]. Therefore, [-sitosterol from A.
ebracteatus Vahl. may involve in the restoration of active p53 in CaSki cell-implanted
mice. Moreover, the growth-inhibitory effect of 4. ebracteatus Vahl. may enhance by its
antioxidant induced cancer cells apoptosis, as mentioned earlier. However, 4. ebracteatus
Vahl. aqueous crude extract exhibited weak anti-tumor activity against CaSki cells-
implanted mice, since AE was not directly caused CaSki cells death when observed under
in vitro assay. Therefore, others factors that involved in the growth-inhibitory property of
A. ebracteatus Vahl. aqueous crude extract should be considered, including the inhibition

of tumor angiogenesis process.

AE aqueous crude extract affects p53 restoration in cervical carcinoma

Our study demonstrated that the 28-day oral feeding of A. ebracteatus Vahl.
aqueous crude extract is capable to increase the level of active p53 expression in HPV16-
associated cervical cancer in dose-dependent manner (Table 4.8) (4.56-time for
300mg/kg BW; and 12-time for 3,000 mg/kg BW). Especially, our results also showed
that when AE-potentially-induced increased p53 expression, the apoptosis of cervical
cancer cells was also enhanced. From the literature reviews (Chapter II), it suggested that
B-sitosterol, AE bioactive compounds, could induce the accumulations of p53 and p21 in
MCA-102 cancer cell lines, and result in decreased anti-apoptotic Bcl-2 and increased
pro-apoptotic Bax [226]. It is well known that HPV-associated cervical carcinoma
containing E6 protein could cause the host-cell abnormalities including p53 inactivation,
impairment of inhibitory process of normal cell-cycle, and then allowing HPV-infected
cell proliferation. In addition, E6 and E7 viral proteins also express continuously to
maintain the transformed phenotype of cancer cells. However, p53 gene was still
functional as wide-type p53 in HPV-positive cervical cancer cell lines [64, 65]. However,
the correlation test for these p53 expression with tumor growth results after AE treatment
did not show any significant correlation (R* = 0.14, P = 0.464) (Figure 4.24). This
suggested that even though AE could enhance p53 expression and decrease tumor

volume, the mechanism of p53 may not affect tumor growth directly but it may involve in
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many other mechanisms such as anti-angiogenesis as well. Therefore, the correlation
between our obtained data of both factors may be not fit by the simple linear relationship.

Many previous studies have reported the mechanism of restoration of p53
expression in HPV-associated cervical carcinoma, that one of the key factors is the down-
regulation of HPV E6 protein expression or disruption of E6 activity [67, 68, 71, 326].
Likewise, an anti-sense could be down-regulate E6-AP expression, catalytically inactive
of E6-AP mutant, or RNA interference results in the accumulation of p53 in HPV-
positive cells [69, 70, 327]. Nevertheless, p53 activity does not need to depend on its
quantity [328], but the active portion gradually develops by posttranslational
modifications [329, 330]. Additionally, Deng and co-workers (2006) have provided
evidence showing that a traditional Chinese herb medicine (TCM), Yigan Kang (YGK)
could restore a normal p53protein in HelLa cervical cancer cells, that correlated with
repression of transcription of E6 oncoprotein [71]. They also demonstrated that this herb
could reverse the tumorigenic phenotype to less aggressive tumor growth in Y GK-treated
HeLa cells implanted SCID mice [72]. This indicated that, the down-regulation of viral
E6/E7 genes might be direct effect to inhibition of invasive cervical cancer. Therefore, 4.
ebracteatus Vahl. aqueous crude extract delayed tumor growth in HPV16-positive
cervical cancer-implanted mice model with wide-type p53, might be act via restoration of

cellular p53 and transformed cells to undergo growth arrest or apoptosis.

AFE aqueous crude extract affects VEGF expression in cervical carcinoma

This study has demonstrated the anti-angiogenic activity of 4. ebracteatus Vahl.
aqueous crude extract in HPV16-associated cervical cancer. Low dose of AE (300 mg/kg
BW) could inhibit tumor neovascularization when treated for 14 days, but was not 28
days. AE exhibited higher potent of anti-angiogenic effects when treated with high dose
3,000 mg/kg BW of AE, which could inhibit tumor neovascularizationat at 14 and 28
days of treatment. This result indicated that the inhibition of tumor angiogenesis by 4.

ebracteatus Vahl. aqueous crude extract is a dose-dependent manner as well.
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Importantly, this anti-angiogenic effect of AE as the reduction of tumor capillary
vascularity was highly correlated with angiogenic biomarker, VEGF expression during

the HPV16-associated cervical carcinoma progression. Therefore, the inhibitory effect of

A. ebracteatus Vahl. aqueous crude extract on anti-angiogenesis should be related to its

possible mechanism of anti-VEGF expression. As mentioned earlier, the inhibition of

VEGF expression in HPV-associated cervical carcinoma might be involved in many
factors such as inactivation of HIF1-a, down-regulation of E6 protein or disruption of
E6-AP activity resulting the accumulation of p53, blockade E6 induced p53, or down-
regulation of E7 protein or inhibition of E7 activates c-myc/elF4E signaling pathway
[14,25-29, 79, 324, 325].

According to the expression of VEGF in HPV-associated cervical carcinoma was
closely correlated with E6 and E7 viral proteins, and level of active p53. Focus on the
relationship between the expression of VEGF and p53 after AE treatment in HPV-
associated cervical carcinoma, the results showed that AE inhibited tumor VEGF
expression was well correlated with the increasing of tumor p53 expression (y = -0.9593x
+ 85.313, R2=O.86, P <0.01) (Figure 4.16). Moreover, the increment of p53 expression
after AE treatment was also well correlated with the inhibition of tumor angiogenesis

(y = -1.1347x + 72.485, R’=0.82, P < 0.05) (Figure 4.15). This data suggested that A.

ebracteatus Vahl. aqueous crude extract exhibited the down-regulation of tumor VEGF

expression in HPV16-associated cervical carcinoma might be relate to the accumulation

of tumor active p53 protein and involve with E6, E6-AP. or E7 viral proteins.

Up to our knowledge, 4. ebracteatus Vahl. has not been reported for its potential
mechanisms on the anti-angiogenic effect yet, even though, its bioactive compositions
have been reported and some of them also associated with anti-angiogenic property. For
example, 4. ebracteatus Vahl. has polysaccharides as one of its bioactive ingredients.
Plant polysaccharides are considered to be bioactive constituents involved in anti-tumor
and anti-inflammatory effects [233, 331, 332], in particularly, its anti-tumor angiogenesis

and tumor growth [234, 235, 333, 334].
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Besides, the other bioactive compounds in A. ebracteatus Vahl. seem to have
potential roles in anti-angiogenesis. Those are triterpenoids, triterpenes, Lupeol, ursolic
acid and oleanolic acid. Among the known angiogenic inhibitors triterpenoids, synthetic
dihydrobenzofuran lignans plays a prominent role [335]. In addition previous study has
reported that plant triterpenoidal saponins, which isolated from Polygala senega has an
anti-angiogenic effect, which by inhibition of VEGF-induced in vitro tubular formation
of HUVECs and basic fibroblast growth factor (bFGF)-induced in vivo
neovascularization in mouse Matrigel plug assay [191]. Other triterpenes, Lupeol, which
exhibited the inhibition of tube formation of HUVEC cells under in vitro condition [215].
Moreover, the Anti-angiogenic activity of triterpene acid, Ursolic acid (UA) and
oleanolic acid (OA), which were showed the inhibition of angiogenesis in chick embryo
chorioallantoic membrane (CAM) assay, and bovine aortic endothelial cell proliferation,
in concentration-dependent manner [201]. The plant flavonoids, Quercetin has been
reported for its anti-angiogenic potential, which was found to inhibit several steps of
angiogenesis including proliferation, migration, and tube formation of human
microvascular dermal endothelial cells in vitro, and decreased the expression and activity

of MMP-2 in CAM in vivo assay [140].

The phytosterol, B-sitosterol may involve in the inhibition of tumor angiogenesis
through the activation of p53 in HPV-associated cervical cancer. Since, B-sitosterol has
been reported that it could increase the level of p53 protein in MCA-102 cells with dose-
dependent manner [226]. Our cervical cancer mice model, the dysregulation of p53 by
HPV E6 resulting the up-regulation of VEGF, due to HPV E6 blocked p53 induction or
increased p53 degradation [14, 25]. Therefore, B-sitosterol in AE may inhibit the tumor
angiogenesis by the down-regulation of VEGF via the restoration of p53 in HPV-
associated cervical cancer. However, Moon and co-workers (1999) have reported that 3-
sitosterol from aloe vera possesses angiogenic property and use for management of
chronic wounds [228]. In ischemia/reperfusion-damaged brain using Mongolian gerbils

model, B-sitosterol was showed for its effectively angiogenic property [229]. Therefore,
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more study is required to clarify whether the finding effect of AE on anti-angiogenesis

was accounted by B-sitosterol or not.

Since cancer development, metastasis and progression are critically processes
which depend on vasculogenesis and angiogenesis. Therefore, we hypothesize that the
effects of AE on anti-angiogenesis and anti- tumor particularly, in early stage cervical
carcinogenesis should be influence for innovation of treatment and improve patient
outcome. In addition, 4. ebracteatus Vahl. also has been reported that has the anti-
inflammatory [32, 118] and anti-oxidative activity [32], that may be toxic toward tumor
cell directly through induction of apoptosis [336] or inhibition of tumor angiogenesis
[337]. Moreover, the antioxidant genes related to reactive oxygen species (ROS)
scavenging system have been analyzed from many parts of this plant [282]. Tumor-
mediated inflammatory response could generate an intensive local accumulation of
reactive oxygen species (ROS). ROS play a role as the mediator of tumor induced
expression of angiogenic factor, VEGF and angiopoietin-1 [338, 339]. However, we need
to confirm and explore whether these AE pharmacological properties, including anti-

oxidant and anti-inflammation will be possible to explain our findings or not.

In summary, we would like to make the proposed mechanisms for 4. ebracteatus
Vahl. aqueous crude extract in order to describe its potential effects on tumor
angiogenesis and on tumor growth in associated to the results of this present study

(Figure 5.1).
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Figure 5.1 illustrates the event that occurs in HPV-16 associated cervical cancer
mice model receiving aqueous crude extract of 4. ebracteatus Vahl. After subcutaneously
injection of CaSki cells, the human cervical cancer cells contained integrated HPV-16
DNA, and the oncogenic HPV genomes E6 and E7 which caused cellular p53
degradation and resulted in dysregulation of cell apoptosis and cell cycle control.
Consequently, cancer cells increased cell proliferation and growth without angiogenesis
until remain small (< 1-2 mm?®). The lack of oxygen and nutrients supply to cancerous
condition, results in cell hypoxia and leading to apoptosis and necrosis [10]. Under
hypoxic state, the binding of HIF-1a to VEGF promoter is a mainly signaling pathway
resulting in the induction of VEGF expression [11]. Moreover, HPV E6 and E7
oncogenes also involve in the up-regulation of VEGF expression [14, 26-29, 79]. All of
these factors result in highly increased of tumor VEGF expression more than normal
mice. Therefore, this model of HPV16-associated cervical cancer has shown that low
expression of p53 proteins with high expression of VEGF, which similar to the pathology
of human cervical cancer [5,8, 14-24]. AE exhibited inhibitory effect on cervical cancer
growth by inhibiting tumor angiogenesis through down-regulation of tumor VEGF
expression. In addition, AE could restore active p53 protein in cancer cell and
transformed cells to undergo growth arrest or apoptosis that caused tumor growth
suppression. Furthermore, increasing of p53 protein in cancer cell might be involved in
decreasing of tumor angiogenesis through the down-regulation of VEGF expression
[14,25] Others possible mechanism of anti-tumor activity of AE might be involved in
dysregulation of E6, E6-AP, and E7 [67, 68, 71, 326] that resulted in accumulation of p53
protein and down-regulation VEGF expression via inactivation of HIF-lo or VEGF

promoter or c-myc pathway [26-29, 79].
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CHAPTER VI

CONCLUSIONS

In the present study, using the intravital fluorescent confocal laser scanning
microscopic techniques, the effects of Acanthus ebracteatus Vahl. aqueous crude extract
on tumor growth and tumor angiogenesis in HPV16-assciated cervical cancer nude mice
model and biomarkers, p53 and VEGF expression were investigated. The experimental
data including anti-proliferative activity, tumor volume, capillary vascularity, VEGF and
p53 expression were determined for each group: Con-Veh, Con-300AE, Con-3,000AE,
HPV-Veh, HPV-300AE, HPV-3,000AE in difference of the duration of AE aqueous

crude extract treatment.

The significant findings could be summarized as follows;

. Under the Trypan blue exclusion study of 3 hours incubation in vitro condition, AE (107-
10* pg/ml) was nontoxic towards all cancer cells, CaSki, HeLa and HepG2, and HDFs,
with the values of the percentage cell viability were more than 90% of all cells.

. Under in vitro MTT assay observation, AE inhibited the growth of CaSki, Hela and
HepG2, and HDFs cells in a dose-dependent manner with exposure time at 48 hours, but
a time-dependence was not observed.

. AE (48 hr) had an anti-proliferative effect on CaSki cells, the only one types of
investigated cancer cell that was significantly different from normal cells, HDFs.

. However, the anti-proliferative effect of 48 hours exposure of AE was not significantly
different between CaSki, HelLa, and HepG2.

CaSki, a human cervical cancer-derived cell lines with integrated HPV-16 DNA (1 x 10’
cells/200 ul/each mouse), could induce cervical cancer bearing mice model by directly

injection into subcutaneous layer at middle dorsum skin. Thus, HPV16-associated



10.

11.

123

cervical cancer mice model could be established, and also exhibited the malignant tumor
feature of squamous cell carcinomas (SCCs).

The expression of p53 was detected very low in tumor tissue from CaSki cells-induced
cervical cancer mice, suggested that this model is HPV16-associated cervical carcinoma
with wild-type p53.

Tumor angiogenesis was observed after CaSki cells inoculation, indicating the Caski
cells-induced angiogenesis, and also correlated with tumor growth. Therefore, the
HPV16-associated cervical carcinoma mice provided the tumor angiogenesis mice model.
The up-regulation of VEGF was found in Caski cells-implanted mice model, and also

exhibited the correlation with the tumor angiogenesis and p53 protein expression.

A.ebracteatus Vahl. aqueous crude extract exhibited the anti-angiogenic and anti-tumor
activities of on HPV16-associated cervical carcinoma was dose-dependent manner, but

not depend on the duration of treatment.

Possible mechanism of 4. ebracteatus Vahl. aqueous crude extract on anti-angiogenesis

is proposed to be anti-VEGF expression.

A.ebracteatus Vahl. aqueous crude extract exhibited the down-regulation of tumor VEGF
expression in HPV16-associated cervical carcinoma that related to the accumulation of

tumor active p53 protein.
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