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Immunomodulatory and Antiangiogenic Mechanisms of
Polymolecular Botanical Drug Extract CSOSEW5050ESA
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Abstract

Nuvastatic'™ is a polymolecular botanical drug
formulation containing a proprietary extract of a
selected cultivar of Orthosiphon stamineus (OS) code
name, C5OSEWS5050ESA OS. The anti-angiogenic activity
of C50SEWS5050ESA OS was explored by evaluating its
activity towards a variety of angiogenesis modulators /in
vitro and /n vivo. Multiplex immunoassays reveals that
C50SEWS5050ESA  OS  inhibits  Vascular Endothelial
Growth factor (VEGF), Epidermal Growth Factor (EGF),
Fibroblast Growth Factor (FGF), Interleukin 2 ( IL-2) &
Interleukin 7 (IL-7), Nerve Growth Factor  (NGF-B) ,
Transforming Growth Factor -a (TGF-a) and Tumor
Necrosis Factor- B (TNF-B). C50SEW5050ESA OS also
caused significant upregulation of interferon a (IFN-),
interferon 3 (IFN-B), interferon y (IFN-y) and Granulocyte-
macrophage colony-stimulating factor (GM-CSF).
C50SEWS5050ESA OS was found to inhibit endothelial
cell proliferation and migration (92.6%) and disrupts the
tube assembly (98.26%) for new blood vessel formation.
The compound also inhibits neovascularisation in isolated
rat aortic ring tissues (IC50 18.2 = 2 pg/mL) and in chick
chorioallantoic membrane assays (CAM) by 82.7%. /n vivo

matrigel plug assay treated with CSOSEW5050ESA OS

Significance | C5O0SEW5050ESA OS strongly curbs
variety of angiogenesis modulators in vitro, ex vivo
and in vivo.
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shows inhibition of neovascularisation by 91.4%+ 3%. In
conclusion, the study reveals that CSOSEW5050ESA OS
has strong anti-angiogenic and immunomodulatory
properties which may have significant clinical benefits in
cancer therapy.
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Introduction
Orthosiphon stamineus is a medicinal herb that is widely found in
Malaysia and South East Asia. It has been used to treat various
ailments (Aisha et al., 2014). The wide-spread traditional uses of
this plant encourage many researchers to investigate the potential
pharmacological properties of the plant. Various extracts and
of O. exhibited

pharmacological proprieties such as diuretic effect, anti-renal

isolated compounds stamineus useful

lithiasis, anti-oxidant, cytotoxic, anti-diabetic, anti-hypertensive,

anti-inflammation, antibacterial, anti-obesity and
hepatoprotective activities (Alshawsh et al., 2011; Mohamed et al,,
2013; Al-Suede, et al., 2013).
extract O. stamineus (50% EOS) showed potent anti-angiogenic in

vitro and the phytochemical analysis of 50% EOS reveals the

Prior study using 50% ethanol

presence of rosmarinic acid (RA), eupatorin (EUP), sinensetin
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(SIN), beutilinic acid (BA), 3’-hydroxy-5, 6, 7, 4-
tetramethoxyflavone (TMF), oleanolic (OA) and ursolic acid (UA)
(Al-Suede et al 2014b; Saidan et al.,2015; Akowuah et al., 2004;
Hussain et al., 2012). The study also reveals that the EOS extract
inhibits VEFGR phosphorylation and also suppressed VEGF
expression and showed potent anti-tumor activity towards
colorectal cancer in athymic mouse model (Ahamed et al. ,2012;
Al-Suede et al. 2014a). However, greater detail concerning the
mechanism of action is still unclear.

C50SEW5050ESA OS commercially identified as Lanctos 75™ is a
proprietary extract of a unique genotype of Orthosiphon stamineus
/aristatus leaves. Rosmarinic acid is the major active marker
compound which constitute between 6-8% w/w followed by
eupatorin 0.6% and sinensetin 0.2% w/w and 3'- hydroxy-5,6,7,4'-
tetramethoxyflavone (TMF) 0.05-0.1% w/w. Nuvastatic™ is the
effervescent formulation of C50SEWS5050ESA OS which has
recently undergone a phase 2/3 clinical studies for cancer fatigue
in cancer patients with solid tumors stage I - IV receiving
chemotherapy and/or radiotherapy (ClinicalTrials.gov Identifier:
NCT04546607) In this work the antiangiogenic properties for the
C50SEW5050ESA OS extract was evaluated and the molecular

mechanism pertaining its activity was investigated.

Materials and Methods

Chenmicals, cell culture and reagents

Bovine serum albumin (Fraction V) was purchased from Sigma
(Germany). Human cytokines assay kit was purchased from
USA, Phosphate  buffered trypsin,

penicillin/streptomycin (PS), fibrinogen, aprotinin, thrombin,

Procarta, saline,
MTT reagent, suramin was purchased from Sigma, Germany.
Matrigel matrix (10 mg/mL) was acquired from BD Bioscience,
USA, anti-mouse podocalyxin Catalogue number AF1556 was
purchased from (R&D, USA). Alexa-Fluor 488 donkey anti-goat
IgG, Catalogue A11055,was
technology.USA HUVEC (ScienCell, USA) were maintained in
endothelial cell medium (ECM) (ScienCell, USA) supplemented
with 5% heat inactivated foetal bovine serum (HIFBS) and 1% PS.
C50SEW5050ESA OS extract standardised to 6% rosmarinic acid
eupatorin 0.6%, sinensetin 0.2% w/w and 3'- hydroxy-5,6,7,4'-

number obtained from life

tetramethoxyflavone (TMF) 0.05-0.1% w/w was sourced from
NatureCeuticals Sdn. Bhd.

High performance liquid chromatography (HPLC) analysis for
C50SEWS5050ESA OS

50 mg of CSOSEW5050ESA OS extract was separately dissolved in
25 ml mixture of methanol and filtered through 0.45umfilter
(nylon membrane filter). Similarly all reference compounds (5
mg) were dissolved in 5 ml of methanol and then filtered.

Determination of flavonoids (sinensetin, eupatorin, 3’-hydroxy-5,

6, 7, 4-tetramethoxyflavone) and polyphenol (rosmarinic acid)
present in C50SEW5050ESA OS were carried out using reverse-
phased HPLC equipped with a DAD detector. The entire marker
compounds in C50SEW5050ESA OS were separated within 10
min and absorbed at 320 nm (Saidan et al., 2015a).

Ex vivo angiogenic study of C50SEW5050ESA OS Extract on
rat aortic ring assay.

Experimental Animals

Eight to twelve weeks old Sprague Dawley male rats were obtained
from the animal house facility of Eman Biodiscoveries and were
kept for one week in transit animal unit at School of
Pharmaceutical Sciences of Universiti Sains Malaysia (USM) to
acclimatize with the new environment. The rats were kept in
ventilated cages at 12 hour light cycle with food and water
provided all the time. Experimental work was done following USM
guidelines for animal ethics and the study was approved by USM
Animal Ethics Committee (Approval Number: USM/ Animal
Ethics Approval/ 2 013 / (89) (492).

Preparation of aortic ring:

In this assay, the rat aortic endothelium exposed to a three-
dimensional matrix containing angiogenic factors switches to a
microvascular phenotype generating branching networks of
microvessels (Nicosia et al., 1992). The assay was performed
according to the standard protocol (Umar et al., 2014) with minor
modifications. The animals were sacrificed via cervical dislocation
under anaesthesia with CO.. A midline was made into the
abdominal and thoracic cavities including splitting of the sternum.
Thoracic aortas were excised, rinsed with serum free media. The
aorta tissues were cross sectioned into thin rings approximately 1
mm thickness. Aortic ring sections were then seeded in 48-well
plate loaded with serum free M199 supplemented with fibrinogen
(3 mg/mL) and aprotonin (5 pg/mL). 10 uL of thrombin; prepared
at 50 NIH U/mL in 0.15 M NaCl in 1% bovine serum albumin was
added to each well and was allowed to solidify at 37°C in 5% CO-
for 90 min. The top liquid layer culture medium was prepared by
adding the following to M199 basal medium, fetal bovine serum
(FBS) at 20% v/v, L-glutamine at 1%, aminocaproic acid at 0.1%,
amphotericin B at 1% and gentamicin at 0.6%. The ICso value was
determined using serial concentrations (6.5-100 pg/mL) and the
plate was incubated at 37 °C in 5% CO: in a humidified incubator.
On day four, the top liquid layer culture medium was discarded
and changed with fresh medium prepared as previously
mentioned with the plant extracts. Culture media was used as a
negative control. The work was done in a Class II biosafety
cabinet.

The magnitude of blood vessels outgrowth was quantified
according to the technique developed by (Nicosia et al., 1997).

Briefly, the distance of blood vessels outgrowing from the primary
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tissue ex-plant was measured on day five under the 20X
magnification power of inverted light microscope supplied with
Lecia Quin computerized imaging system. The growth distance of
at least twenty blood vessels per ring was measured; blood vessels
were selected at regular intervals around the rings to reduce the
bias. The experiment was performed in triplicates (each replicate
containing six rings) and the results were presented as a mean *
SD, (n=6). The inhibition of blood vessels formation was
calculated.

In vitro assessment of the effect of C50SEWS5050ESA OS
Extract on pro and anti-angiogenic growth factor using
Luminex Multiplexing Platform

Concentrations of biomarker including vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF), basic
fibroblast growth factor (b-FGF), transforming growth factor
(TGF-a), tumor necrosis factor (TNF-B) and beta, interleukin-2
(IL-2), (IL-7), (NGF),
granulocyte macrophage colony stimulating factor (GM-CSF) and

interlukin-7 Nerve growth factor
Interferon alpha, beta and gamma (IFNs) were determined in each
cell lysates using luminex multiplexing platform. All incubations
were performed in the dark at room temperature. Each well of 96-
well filter plate was pre wetted with 150 pL/well of reading buffer
for 5 min at room temperature. The reading buffer was removed
from the plates by use of a vacuum filtration. 50 uL/well antibodies
beads premixed were added to each well. The buffer was removed
with vacuum filtration. The antibodies beads were washed with
150 pL/well 1X washing buffer. The washing buffer was removed
and the residual buffer was removed by blot the bottom of the
filter plate thoroughly with paper towels. The standards, blanks
and samples were added (50 pL/well) in duplicate. The filter plate
was covered with plate seal, wrapped with aluminium foil and
incubated 1 hour on orbital plate shaker (500- 600 rpm). The
liquid was removed from the plate using vacuum filtration. The
plate was washed three times with 150 uL/well of washing buffer.
The biotinylated detector antibody was added (25 pL) to each well
and incubated the plate for 30 min at room temperature on an
orbital shaker (500-600 rpm). The solution was removed and the
plate was wash three times with 150 pL /well of 1X wash buffer.
Streptavidin-PE was added (50 uL/well) and incubated for 30 min
on a plate shaker (500-600 rpm). The plate was then washed three
times with 150 uL/well of washing buffer. Finally, 120 uL/well of
reading buffer was added to each well and the intensity
fluorescence was measured and analysed by the Luminex
Multiplexing Platform after incubation for 5 min.

Assessment of in  vivo effect  of
C50SEW5050ESA  OS Extract using chorioallantoic chick

membrane

anti-angiogenic

In vivo anti-angiogenic activity of the extract was evaluated using

chick chorioallantoic membrane (CAM) assay (West et al., 2001;

Ribatti, 2008). Five day-old fertilized specific pathogen free eggs
were used in the study. The eggs were sterilized by antiseptic
solution (70% alcohol), incubated at 37 °C and 60-70% humidity.
Albumin (5-7 mL) was aspirated using a sterilised 18 G-needle
syringe, the holes was covered with sterilized surgical tape in order
to avoid the further albumin flow out or contamination. The eggs
were incubated over night at 37 °C and 60-70% humidity
horizontally to allow the CAM to detach from the eggs shell.

The extract was prepared in 1.2% agarose discs (50 and 100
pg/disc). Discs containing the vehicle were used as negative
control. Then, a small opening with 2-2.5 cm in diameter on the
broad pole was made in the shell and the discs were directly
applied onto the CAM at the high density of blood vessels
(Ozcetin, Aigner, & Bakowsky, 2013). The square opening was
sealed with sterilized surgical tape and the embryo was incubated
for 24 h. The CAM was photographed under a dissecting
microscope (n=6).
Assessment of in  vivo anti-angiogenic effect of
C50SEW5050ESA OS Extract using Matrigel plug assay
Experimental animals

Athymic NCR nu/nu nude mice aged 6-8 weeks with a weight of
25 + 2g were obtained from Taconic Farms Inc., USA. The mice
were kept in a specific pathogen free (SPF) cages provided with
high efficiency particulate air (HEPA) filter using Animal
Transport Unit (Allenton.USA). Mice were provided with sterile
food, water and bedding using autoclave (Hirayama-Hiclave,
Japan) and housed under a standardized 12 h light and 12 h dark
cycle at room temperature of 24 + 2°C and a humidity of 60%.
Experimental work was done according to the guidelines of
Universiti Sains Malaysia (USM) Animal Ethics Committee
(reference number: USM/ Animal Ethics Approval (2 013 / (89)
(492).

Establishment of the Subcutaneous Matrigel Plug Assay
Eighteen male athymic Nu/Nu mice were given subcutaneous
injections in the right flank with 0.5 ml of Matrigel containing
HCT116 tumor cells as angiogenic inducers, using 1 mL a ice-cold
syringe attached to 25 gauge needle. The injection site was press by
sterile cotton swab in order to prevent leakage of the cells. After
injection, the Matrigel rapidly formed a plug. The animals were
divided randomly into three groups of 6 animals. Group 1 and 2
were 100 mg/kg and 200 mg/kg
C50SEW5050ESA OS extract, respectively for 7 days, starting
from the day of matrigel plug implantation. The third group

administered with

received distilled water as negative control. On the 7" day, the skin
of the mouse was easily pulled back to expose the Matrigel plug.
The plug was carefully harvested from the euthanized animal
(Kragh et al., 2003) and kept in 10% formaldehyde.

Quantification of blood vessels was achieved through

sectioning and staining with hematoxylin and
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eosin (H&E) Staining, which stains the basement membrane
extract blue and the endothelial cells/vessels red. The number of
blood vessels was counted in the treated and untreated section. 6-8
microscopic fields per section were examined at 20X
magnification.

Assay for microvessel density (MVD).

The microvessel density of the embedded matrigel was quantified
(IHC)

podocalyxin antibodies, which are normally expressed on all

by immunohistochemistry staining using mouse
vascular endothelial cells (Horvat et al,1986) according to
previously describe method (Birner et al., 2001; Badroon et al,
2020). Briefly, tissues were collected and preserved in 10%
paraformaldehyde. Tissue block was embedded in paraffin and cut
at 4pm sections. Prior to IHC staining, the tissue was
deparaffinised and rehydrated by processing through graded series
of ethanol. The sections were incubated with antigen retrieval in
microwave and washed with PBS followed by incubated with
Sudan black for 1 hr. Subsequently, blocking the section with 5%
BSA for 1 hr and incubated with primary antibodies (anti-mouse
podocalyxin) over night at 2°C followed by washing with PBS.
Sections were incubated with secondary antibody (Alexa-Fluor
488 donkey anti-goat IgG,) for 1 hour at room temperature. The
same steps were applied to the negative control sections but
without adding the primary antibodies. Sections were washed
three times in PBS-T following by mounting with DAPI
(Fluorescent mounting medium). Finally, sections were examined

using microscope with a 20X objective.

Result

HPLC analysis of C50SEW5050ESA OS Extract  HPLC
chromatograms of standard markers rosmarinic acid, sinensetin,
eupatorin and 3’-hydroxy-5, 6, 7, 4’-tetramethoxyflavone and
bioactive markers compounds present in C5OSEW5050ESA OS
are shown in figure 1.
C50SEW5050ESA  OS  Extract
microvessels in rat aortic explants

The C50SEW5050ESA OS extract activity on angiogenesis were

inhibits sprouting of

studied further using an ex vivo rat aortic ring assay. As shown in
figure 2A, microvessels out growth developed extensively from the
rat aortic in the control when cultured in the medium, whereas,
the C50SEW5050ESA OS extract treated tissue samples has
significantly reduced appearance of the microvessels. The anti-
angiogenic effect of CSOSEW5050ESA OS extract on explants of
rat aorta showed significant dose dependent manner (P<0.05), and
microvessel growth was almost completely inhibited at 100 ug/mL
of C50SEW5050ESA OS extract (Figure 2 (F). Figure 3 shows a
dose dependent anti-angiogenic property of C50SEW5050ESA
The ICs value for C50SEW5050ESA OS was
calculated to be 18.2 + 2 pug/mL.

OS extract.

C50SEW5050ESA OS extract inhibits vascular endothelial growth
factor pathway in HUVEC Cells

The level of VEGF in treated and untreated HUVECs was
examined using luminex multiplexing platform. Data shows that
the treatment caused a significant decrease in VEGF content in
HUVEC:sS cell compared to control (16.5 + 1.3 pg/mL). The extract
shows a dose dependent reduction of VEGF levels (Figure 4).
C50SEW5050ESA OS inhibits extract epidermal growth factor,
basic- fibroblast growth factors pathway on HUVEC Cells

Data shows that the treatments with CSOSEW5050ESA OS extract
at different doses causes a significant decrease in EGF expression
in HUVECs cells compared to control (27.8 + 3.3 pg/mL). The
extract shows a dose dependent reduction of EGF expression levels
(Figure 5 (A).

Effect of CSOSEW5050ESA OS extract and Imatinib®™ on the level
of basic FGF are presented in figure 5 (B). Result shows that the
treatment with CSOSEW5050ESA OS extract at 50 and 100 pg/mL
significantly reduce level of FGF content in cells at a greater extent
when compared to the control.

C50SEW5050ESA OS extract induce interferon alpha, beta and
gamma pathways in HUVEC:s cells

The activity of CSOSEW5050ESA OS extract and RA on IFNs
were investigated by quantifying the level of INFs in endothelial
cell lysate The
C50SEW5050ESA OS extract induce IFNs levels in a dose

dependent manner (Figure 6). RA also induces the IFNs levels on

using luminex multiplexing platform.

HUVEC lysate compared to negative control.

C50SEW5050ESA OS extract inhibits IL-2 & IL-7 in HUVECs
Cells

Treatment with CSOSEWS5050ESA OS at 25, 50 and 100 (ug/mL)
cause significant reduction of IL-2 levels in HUVECs cell
compared to negative control as shown in figure 7 (A).

At the same time, the treatment with C50SEW5050ESA OS
extract exhibited a dose dependent reduction of IL-7 levels as
revealed in figure 7 (B).

C50SEW5050ESA OS extract inhibits transforming growth
factor alpha and nerve growth factor of HUVEC:s cells

Figure 8 (A) illustrates the levels of TGF-a in HUVEC cells after
treatment with C5OSEW5050ESA OS extract and Imatinib® for
24 h. The results show that CSOSEW5050ESA OS extract at 50
and 100 pg/mL and Imatinib® at 50 pug/mL reduce the TGF-a
levels compared to negative control. Figure 8 (B) demonstrates the
effect of C5OSEW5050ESA OS extract and Imatinib® on NGF
levels. Treatment with C50SEW5050ESA OS extract for 24 h
shows down regulation of NGF expression levels in HUVECs in a
dose dependent manner. At the same time Imatinib® at 50 pg/mL
significantly reduce the NGF concentration compared to negative

control.
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Figure 2: Anti-angiogenic effect of C50SEW5050ESA
OS. Photomicrographs show the inhibition of
microvessels outgrowth in the rat’s aortic ring. The aortic
rings were photographed at 20X magnification, after 5-
days of treatment with C50SEW5050ESA OS, (A);
Negative control, (B); C50SEW5050ESA OS  (6.25
pg/mlL), (C); C50SEWS5050ESA OS (12.5 pg/ml), (D):
C50SEWS5050ESA OS (25 pg/mlL), (E); CSOSEW5050ESA
OS (50 pg/mL), (F); CSOSEWS5050ESA OS (100 pg/mL), (L);
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Figure 5A: Inhibitory effects of CSOSEW5050ESA OS extract, Imatinib® (IM50) and negative control (NC) on EGF-Basic . Figure 5B: Effect of FGF-
basic expression level in HUVECs cells by CSOSEW5050ESA OS extract, imatinib®(IM50) and negative control (NC). The data is presented as mean
+SD, ***P< 0.001, **P< 0.01and *P< 0.05.expression in endothelial cells.
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Figure 6: Effect of different doses of C5OSEW5050ESA
OS extract, Imatinib® 50 pg/mLand negative
control(NC) on interferon’s expression levels in HUVECs
cells. Values are represented as mean * SD, n=4,
*P<0.05, ** P<0.01and ***P<0.001.
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Figure 7: Levels of interleukin-2 (A) and interleukin-7 (B) in HUVECs cells treated with different doses of CSOSEW5050ESA OS
extract, imatinib® (IM50) and negative control (NC).Values are represented as the mean * SD, n=4, *p<0.01, **p<0.001
compared to negative control (NC) group.
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Figure 8: Effect of different doses of CSOSEW5050ESA OS extract, Imatinib® (IM50) and negative control (NC) on transfer
growth factor (A) and B-NGF expression in HUVECs cells after 24 h treatment. Values are represented as mean * SD, n=4, * P<
0.01,** P<0.01, *** P<0.001
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C50SEWS5050ESA OS extract induce GM-CSF in HUVEC:s cells
The effect of C5O0SEW5050ESA OS extract and Imatinib® on
GM-CSF is depicted in figure 9. The result shows that only
C50SEW5050ESA OS extract induce GM-CSF expression levels
significantly at 100 pg/mL on HUVECs compared to negative
control.

Effect of CSOSEWS5050ESA OS extract on TNFs in HUVECs
cells

Detection and quantification of the TNF-a and P in treated and
untreated HUVEC cells were measured using luminex multiplex
platform. The result shows that there is no significant effect
towards TNF-a or B levels in all examined groups compared to the
negative control (Figure 10 A and B).

In vivo anti-angiogenic activity of CSOSEW5050ESA OS
extract

In vitro anti-angiogenic assay showed high potency of the
C50SEW5050ESA OS extract in inhibiting the blood vessels
formation. To further validate this activity, in vivo studies using
chick embryo chorioallantoic membrane (CAM) and mouse
matrigel plug assay was carried out.

Effect of CSOSEW5050ESA OS extract on neovascularization in
Chick Chorioallantoic Membrane assay

The result in Figure 11 shows that the C50SEW5050ESA OS
extract significantly inhibits neovascularization in CAM assay
(p<0.001). The vasculature pattern formed by the blood vessels in
CAM test of the control group treated with vehicle (1% ethanol)
was normal. The primary, secondary and tertiary vessels with the
dendrites branching pattern are the main characteristics of CAM
assay, appears to be well established in negative control group
(Figure 11 (A)). In contrast, the treated CAM with 50 and 100
pg/disc of C50SEW5050ESA OS  extract distorted
vasculature architecture (Figurell (B&C)). The quantification of

shows

blood vessels in CAM are represented in figure 11 (E).

secondary and tertiary branches of blood vessels (arrow heads).
(C); CAM treated with CSOSEW5050ESA OS (100 pg/disc) shows
a significant suppression of neovascularization, the treatment
caused disruption of main branches of blood vessels (arrow
heads), (E); Represents the account of blood vessels in CAM. The
photos were captured under dissecting microscope.

Values represented as mean + SD, (n = 5), *p<0.001.

In vivo anti-angiogenic effect of CSOSEW5050ESA OS extract
on Matrigel plug assay in mice

Morphology of the excised matrigel plug shows significant
reduction in blood vessels density in the plug harvested from
animals treated with CSOSEW5050ESA OS extract at 100 and 200
mg/kg compared to the plug of negative control group (Figure 12
(A, B and C). In addition, plug sections from C50SEW5050ESA
OS extract treated with 100, 200 mg/kg and negative control mice

were stained with hematoxylin/eosin stain and examined for

qualification of the blood vessels. The histology of plug from the
control mice shows abundance blood vessels as indicated by the
arrows, while the histology of plug from treated animals with
C50SEW5050ESA OS extract shows significantly reduced blood
vessels (Figure 12 (D, E, F)).

The most remarkable change observed in plug histology
was that the treatment with CSOSEW5050ESA OS extract caused
reduction in the plug vascular density. The treatment with
C50SEW5050ESA OS extract resulted in a significant decline in
blood vessel formation compared to the negative control group
(p<0.001). The percent inhibition of the blood vessel counting in
the plug is 71.9 + 4 and 85.4 * 3% at 100 and 200 mg/kg,
respectively. The mean quantification of blood vessels in the
matrigel treated with 100 and 200 of
C50SEW5050ESA OS extract was 123 + 153 and 62 + 8.2,
respectively (Figure 12 ( II and III). While, the average of blood

plug of mice

vessels in the negative control was 434 + 34 (P < 0.001) (Figure 12
D.

Discussion

Angiogenesis is a multistep process which is initiated through
stimulation of endothelial cells by growth factors, followed by
degradation of basement membrane, detachment of endothelial
cells from adhesion proteins, endothelial cell migration and
proliferation into the perivascular spaces (Folkman and Shing,
1992; Yance and Sagar, 2006). Modulating angiogenic signals has
therapeutic value in angiogenic-related diseases such as arthritis,
diabetic and most notably cancer (Ledermann, 1999). In this
study, a proprietary clinical trial extract of O. stamineus code
named C50SEW5050ESA OS was evaluated for its anti-
angiogenic property. The botanical
C50SEW5050ESA OS, Nuvastatic, has recently completed a phase

2/3 clinical studies for cancer fatigue in stage 1-4 cancer patients

drug formulation of

with solid tumors who were receiving chemotherapy and
Identifier: NCT04546607).
Rosmarinic acid is one of the main active marker compounds of
C50SEW5050ESA which range between 6-8% w/w followed by
eupatorin 0.2% and sinensetin 0.07% w/w. The C5EOS5050ESA

was found to significantly inhibit angiogenesis in vitro and in vivo.

radiotherapy  (ClinicalTrials.gov

The compound inhibits neovascularisation of isolated rat aortic
ring and caused significant reduction in new blood vessel
formation as observed in the CAM assay as well as the mouse
matrigel plug studies. C50S5050ESA was found to be non-
cytotoxic towards endothelial cells and disrupted the formation of
tube-like endothelial structures.

The of this

neovascularisation supporting previous findings on methanol leaf

results study show strong inhibition of

extract of the Orthosiphon stamineus species (Sahib et al., 2009).
The strong inhibition of CSEOS5050ESA may be attributable to
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Figure 9: Effect of different doses of C5OSEW5050ESA
OS extract, Imatinib® (IM50) and negative control (NC)
on GM-CSF expression in HUVECs. Values are

represented as mean * SD, n=4, * P< 0.01.
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Figure 10: Effect of different doses of C5OSEW5050ESA OS extract, Imatinib® (IM50) and negative control (NC) on TNF a

and TNF 3 expression in Human Umbilical Vein Endothelial Cells, respectively. Values are represented as mean + SD, n=4. P
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Figure 11: Inhibitory effect of different doses of
C50SEW5050ESA OS extract and negative control vehicle

on neovascularization in chorioallantoic membrane of chick

embryo, (A); CAM treated with vehicle as a negative control

which shows enormous neovasularization with primary,

secondary and tertiary branches of blood vessels (arrows),
(B); CAM treated with C50SEW5050ESA OS (50 pg/ml)

shows inhibition of secondary and tertiary branches of

blood vessels (arrow heads). (C); CAM treated with
C50SEW5050ESA OS (100 pg/disc) shows a significant

suppression of neovascularization, the treatment caused

disruption of main branches of blood vessels (arrow heads),

(E); Represents the account of blood vessels in CAM. The

photos were captured under dissecting microscope.

Values represented as mean + SD, (n = 5), *p<0.001.
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Figure12: Anti-angiogenic effects of CSOSEW5050ESA OS extract on matrigel plug (A); Morphological features of matrigel
plug harvested from negative control animal. (B); Morphological features of matrigel plug harvested from animal treated with
100 mg/kg, (C); Morphological features of matrigel plug harvested from animal treated with 200 mg/kg, (D); Histology (H & E
stained) matrigel plug sections of negative control group containing abundance of blood vessels (BV) indicated by white arrows
(E); Matrigel plug section of CSOSEW5050ESA OS extract (100 mg/kg), (F); the matrigel plug section of C5OSEW5050ESA OS
(200 mg/kg), (1); Blood vessels of matrigel section for negative control group stained by immunohistochemistry, (ll); Blood
vessels of matrigel section treated with 100 mg/kg stained by immunohistochemistry, (lll); Blood vessels of matrigel section
treated with 200 mg/kg staining by immunohistochemistry, (IV); Blood vessels account of vehicle and treated groups. Photos
were taken at magnification of 20 X. The blood vessels were counted in 6 microscopic fields/ slide. Values represented as mean:
SD, (n=6), *p<0.001.
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the presence of polyphenolic and flavonoid compounds such as
RA, EUP, SIN, BA and TMF (Siddiqui et al., 2009; Al-Suede et
al.,2014). Luminex multiplex assay on HUVECS cells exposed to
C5EOS5050ESA reveal that the compound significantly inhibits
cellular VEGF-A (see Figure 3). It also inhibits EGF, IL-2 IL-7,
FGF-Basic, TGF-a, TNF-B and p-Nerve growth factor (see Figure
4, 6,7 and 9). A novel significant finding on C5EOS5050ESA is its
ability to stimulate GM-CSF (Figure 8) and Interferon f, a and y
(Figure 5).

It is known that several cytokines can work as up-
regulators of angiogenesis by promoting blood vessel formation in
human cancer including VEGF (Achen and Stacker, 1998), EGF,
a-FGF and b-FGF (Turner and Grose, 2010), TNF-a (Hagemann
et al.,, 2004), TGF-a and TGF-f (Ferrari et al., 2009), IL-2 & 7
(Karamysheva, 2008). Our finding shows that CSOSEW5050ESA
OS inhibits the pro-angiogenic factors such as EGF, FGF-b, VEGF,
TGF-B and IL-2 & 7 in a dose dependent manner.

IL-2 is an important growth factor that has been shown
to promote angiogenesis in both in vivo and in vitro. This is
mediated by phosphorylation of Akt in HUVECs which increases
the level of ROS and synthesis and secretion of VEGF (Bae et al,,
2008; Al-Salahi et al., 2013). In addition, IL-2 gene expression can
be induced by IL-7 via regulating activator protein (AP-1)-DNA
binding activities in activated human T lymphocytes (Gringhuis et
al,, 1997). Moreover, IL-7 induces lymphangiogenic, motility and
migration of endothelial cells via up regulated VEGF-D expression
at both mRNA and protein levels in vitro (Al-Rawi et al., 2005).

In addition, NGF is mitogenic to keratinocytes and play
critical role in numerous key processes in wound healing such as
angiogenesis, reepithelialization, and reinervation. It has essential
effect in the initiation and maintenance of inflammation in many
organs; in addition, it also has activity on the central nervous
system and formation of granulation tissue

In the present work, the anti-angiogenic effect of
C50SEW5050ESA OS could be due to targeting pro-angiogenic
factors such as IL-2, IL-7, NGF and TGF signalling pathways or by
inducing the angiogenic inhibition factors such as IFN 8, a, y and
GM-CSF. These effects of CSOSEW5050ESA may be attributed to
its anti-oxidant property and presence of phytonutrients such as
polymethoxylated flavonoids, polyphenolic contents, caffeic acid
derivatives and terpenes, particularly eupatorin, sinensetin,
rosmarinic acid, 3’-hydroxy-5,6, 7,4’- tetramethoxyflavone and
betulinic acid (Tabana et al 2016, Losso, 2003). These series of
compounds possess their own unique anti-angiogenic property
which may afford a powerful combination in preventing or
treating tumor development.

The outcome of this study is in line with the finding of
previous study which reported that the anti-angiogenic and anti-

tumor efficacy of 50% ethanol extract of Orthosiphon stamineus

could be mediated via inhibition of VEGF signaling pathway
(Ahamed et al., 2012). It was concluded that the OS extract was
shown to exert dual activities; it inhibits the manufacture of
essential proangiogenic molecules from cancer cells and
suppresses the phosphorylation of VEGFR-2 in HUVECs
(Ahamed et al., 2012).

This study also reveals the strong immune modulatory
property of CSOSEW5050ESA OS by causing upregulation of IFN
B, a, y and GM-CSF and at the same time inhibiting IL-2, IL-7, -
NGF and TGF-a. IFNs belong to the large class of cytokine family
that act as mediators between cells to trigger the protective
defences of the immune system that help eradicate pathogens.(
Parkin &Cohen 2001). Interferons regulate antitumor, apoptotic,
and cellular immune responses, and is an established angiogenesis
inhibitor. Angiogenesis is stimulated by VEGF and antagonized by
type 1 interferons, including IFN-a/B. IFNs inhibit secretion of
such angiogenic factors as basic fibroblast growth factor from
tumor cells. IFNs also activate immune cells, such as natural killer
cells and macrophages and they increase host defenses by up-
regulating antigen presentation by upregulating the expression of
major histocompatibility complex (MHC) antigens. Cytokines,
such as IL2, TNF and colony-stimulating factor, can also cause an
increase in interferon production. IL7 on the other hand is
required for T-cell development as well as for the survival and
homeostasis of mature T-cells. IL-7 plays important role in at all
stages of T-cell development and maintenance, it has been used in
clinical trials as an immunotherapeutic agent to treat cancer (
Haller et al., 2007).

Flavonoids are polyphenolic compounds that are
abundant in nature and are categorised, according to chemical
structure. The flavonoids have potential beneficial effects on
human health. Many works have shown that flavonoids contain
anti-inflammatory, anti-angiogenic, antitumor, anti-allergic,
antiviral and anti-oxidant activities (Wu et al., 2012). The capacity
of flavonoid to act as anti-oxidant depends upon their molecular
structure and chemical properties. Hydroxyl group’s position and
other features in the chemical structure of flavonoids are
important for their anti-oxidant and free radical scavenging
activities (Kumar & Pandey, 2013). Previous studies demonstrated
the role of terpenoids, flavonoids and the isolated primary
metabolites such as polysaccharides, proteins and saponins in
inhibition of angiogenesis (Sahib et al., 2009).

Akowuah et al. reported that the anti-oxidant activity occurred as
a result of the presence of phenolic and pentacyclic triterpenes
such as ursolic acid, oleanolic acid and betulinic acid (Akowuah et
al., 2005). Furthermore, many staminane-type diterpenes present
in O. stamineus contains hydroxyl, carboxylate and terminal
methylene group which have hydrogen-donating ability and may

possibly contribute to the free radical scavenging activity (Tezuka
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et al,, 2000). Reducing property of these compounds is responsible
for their main effects. The C5O0SEW5050ESA OS contains high
amounts of primary and secondary metabolites (flavonoids,
triterpenoids and phenolic component) which may have
contributed towards its anti-angiogenic and immunomodulatory

properties.

Conclusion

The present study shows that the CSOSEW5050ESA OS extract
significantly inhibits angiogenesis and affects overall process of
neovascularisation of endothelial cells through inhibition of
cellular adhesion molecules, cell migration, invasion, and
proteolysis. The highlights  the
immunomodulatory property of C50SEW5050ESA OS by
stimulating IFN B, o, y and GM-CSF and at the same time
inhibiting IL-2, IL-7, B-NGF and TGF-a. This result of this study
highlights the potential benefits of C50SEW5050ESA OS in

cancer therapy.

extracellular study also
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