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ABSTRACT

A mixture of bauerenollf), a-amyrin (Lb) and f~amyrin (Lc) in a 3:1:2 ratioobtained from the dichloromethane
extract of air-dried leaves of Ardisia squamulosaswtested on duck chorioallantoic membrane (CANMhe
mixture ofla-1c exhibited inhibition of vascularization and fornati of ghost vessels on CAMswith 100% embryo
survivability at the end of a 9-day treatment pdrioA possible angio-suppression by inhibition minteh point
formation, reduction of inter-capillary distance a®ll as reduced vascular density in CAMs admirgstevith 1a-
lcare also reported. Immunohistochemistry reveatghhilegree of von Willebrand factor expression anel t
absence of epithelial membrane antigen. This sstgdhat the observed angio-suppression was dtlesteffect of
von Willebrand factor in regulation of other ang@tesis modulators.
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INTRODUCTION

The genudrdisia Swartz belongs to the family Myrsinacea¥&disia has 68 recorded species in the Philippines, 60
of which are endemic[1]. The gen@isdisia has been reported to have various biological gietssranging from its
anti-inflammatory and analgesic [2], antipyretid, [8ntiviral [4] and some of its most outstandingities being
anti-HIV [5], anti-tumor and anticancer [6] whichegprobably due to its cytotoxity [7] and anti-oaid [8]activities

in cells. The leaves &&. squamulosdave been folkloricly used in treating wounds &aste been reported to be
anti-HSV and anti-ADV where it is most effectiveiithibiting ADV-8 replication [9]. The hexane exttafrom A.
squamulosavas reported to have significant effect on speromtobut has negligible effect on sperm morphology
and viability [10]. The angio-suppressive activitya hexane fraction from its methanolic extrastéd on duck
chorioallantoic membrane has recently been repdiéifl Angiogenesis is the growth of new capilldspod
vessels in the body. In diseases such as canceess@xe angiogenesis occurs. Natural products e
discovered as angiogenesis inhibitors to treateafi2]. The dichloromethane extractAf squamulosdas been
found to contair-caryophyllene, squalene, a mixture of bauerenarggnone, oleanone, and another mixture of
bauerenolg-amyrin, andB-amyrin [13]. Recent report on the chemical canstits of a congenék. pyramidalis
[14] revealed similar profile in its major consgtuts. Another study reported the presence of malemments (Na,

K, Ca, Mg and P) and trace elements (Fe, Zn, Cu®irgnd Ni) inArdisia colorata[15]. This study was conducted
as part of our research on the chemical constisueifrdisiaspecies found in the Philippines. We report hetleén
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angio-suppressive effects of a mixture of tritegmifbauerenolg-amyrin andp-amyrin)and an analysis of von
Willebrand factor and epithelial membrane antiggpression attempting to explain part of the mectrasi of its
potential angio-suppressive effects on duck chdlaneic membrane.

EXPERIMENTAL SECTION

General Experimental Procedures

NMR spectra were recorded on a Varian VNMRS spewgter in CDCJ at 600 MHz for'H NMR and 150 MHz
for **C NMR spectra. Column chromatography was performighl silica gel 60 (70-230 mesh) (Merck, Darmstadt
Germany); TLC was performed with plastic backedgdaoated with silica geb§z (Merck, Darmstadt, Germany);
plates were visualized by spraying with vanillinfgtic acid and warming.

Sample Collection

Fresh leaves dhrdisia squamulosavere collected from Bataan in 2010. The sample agdlected and identified at
the Jose Vera Santos Herbarium Collection, InstitdtBiology of the University of the Philippinestiman and the
Philippine National Herbarium, National Museum lod tPhilippines, Manila.

Isolation

Air-dried leaves ofArdisia squamulosgl kg) were ground in a blender and soaked inldicimethane (DCM)
(Ajax Finechem, Australia) for three days and tfikaered. The filtrate was concentratedvacuoto afford a crude
extract (55 g) which was chromatographed in indreggroportions of acetone (Ajax Finechem, Auséain DCM

at 10 % increment. The 30% acetone in DCM fracti@s rechromatographed (5x) using 5% ethyl acefssex (
Finechem, Australia) in petroleum ether (Ajax Fimem, Australia) to afford a mixture @h-1¢(15 mg) in a 3:1:2
ratio.The ratio ofla-1c was determined from the integrations of the olefiproton resonances &t 5.39 for

bauerenold 5.11 fora-amyrin andd 5.16 forf3-amyrin.

bauerenol 1a): colorless solid.**C NMR (150 MHz, CDGJ): 5 36.9 (C-1), 27.7 (C-2), 79.0 (C-3), 38.9 (C-4),40
(C-5), 24.1 (C-6), 116.4 (C-7), 145.2 (C-8), 4829), 35.3 (C-10), 16.9 (C-11), 32.4 (C-12), 3TCF13), 41.5 (C-
14), 28.9 (C-15), 37.7 (C-16), 32.0 (C-17), 54.91@®), 35.3 (C-19), 32.0 (C-20), 29.7 (C-21), 31522), 27.5 (C-
23), 14.7 (C-24), 13.0 (C-25), 23.7 (C-26), 22.7A1Q, 40.0 (C-28), 25.6 (C-29), 22.5 (C-30).

a-amyrin (Lb):colorless solid.**C NMR (150 MHz, CDGJ): & 38.8 (C-1), 27.2 (C-2), 79.3 (C-3), 38.8 (C-4),55
(C-5), 18.3 (C-6), 32.9 (C-7), 40.0 (C-8), 47.795-36.9 (C-10), 23.3 (C-11), 124.4 (C-12), 13T6IE), 42.1 (C-
14), 28.7 (C-15), 26.6 (C-16), 33.7 (C-17), 59.11&), 39.6 (C-19), 39.7 (C-20), 31.2 (C-21), 41C522), 28.1 (C-
23), 15.7 (C-24), 15.6 (C-25), 16.8 (C-26), 23.3(0), 28.1 (C-28), 17.5 (C-29), 21.4 (C-30).

B-amyrin (Lo): colorless solid.”®*C NMR (150 MHz, CDGJ): & 38.6 (C-1), 27.3 (C-2), 79.0 (C-3), 38.8 (C-4),%4
(C-5), 18.4 (C-6), 32.6 (C-7), 38.8 (C-8), 47.79-37.7 (C-10), 23.5 (C-11), 121.7 (C-12), 14521B3), 41.7 (C-
14), 26.1 (C-15), 27.2 (C-16), 32.5 (C-17), 47.61®), 46.8 (C-19), 31.2 (C-20), 34.7 (C-21), 3TCA2), 28.1 (C-
23), 15.6 (C-24), 15.7 (C-25), 16.9 (C-26), 26.1(0), 28.4 (C-28), 33.3 (C-29), 23.7 (C-30).

Preparation of the test samples

A mixture of triterpenes (bauerenakamyrin, B-amyrin) with a ratio of 3:1:21@-19 obtained fromA. squamulosa
was tested for its angio-suppressive potential. afpropriate weight of the mixture was dissolved1®0ul
Dimethyl Sulfoxide (DMSO) (Ajax Finechem, Austrgliand reconstituted with 890Phosphate Buffered Saline
(1x PBS, Gibco) supplemented withl(PennStrep (Gibco) to obtain 6.@ul" of la-1cat 10% final DMSO
concentration. Lower (10 fold difference) concatitms were also prepared to obtain @gfl™, at 1% final DMSO
concentration. A 1% DMSO and 10% DMSO negativetrmbrgroups were assigned along with an environalent
control (untouched eggs).

Chorioallantoic Membrane (CAM) vascularity assay

Chorioallantoic membrane vascularity assay wasopedd according to the procedure [11, 14] modifiedn the
procedure [16, 17] to determine the angiogenicctffef terpenoids obtained frota-1c Briefly, fertile mallard
duck eggs Anas platyryncho&inn) were obtained from a commercial supplier md?Pos, Metro Manila. Day 0
eggs (n=12) were incubated at 37°C with constantidiity at the Institute of Biology, University dfi¢ Philippines,
Diliman Quezon City, Philippines. At the fifth daf incubation, the eggs were candled and inspeiteegg
viability and position of embryo. On thd' Zay, the eggs were wiped with warm 70% ethanol amstall hole
using a hand held rotary drill was made at the tbkmd (air space) and p of the proper concentration of each
sample was added. The inoculated CAM was sealdty s sterile PARAFILMM (American Can, USA)and
returned in humidified atmosphere until day 14 radtéministration of the test samples. Egg viapilas monitored
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every other. On day 14, the eggs were placedsolatiéral side to position the CAM and the embrjidhe CAM
area was visually assessed for vascular damage asiDigital MikroskopKamera (dnt GMBH, Dietzenbach,
Germany) stereomicroscope. Three representateasar fractal segments were assigned and photoydotted.
The CAMs were scored using the CAM scoring guidd [ising an atlas reference used in our previopsrtd14].
The frequency of damage was determined througialranalysis by counting the number of appearafteeomost
severe damage observed in the three representatdas or fractal segments. Any damage on vascelatud
obstruction to normal blood flow was consideredifpas anti-angiogenic effect. The CAMs were phasgghed for
the measurement of branching frequency and inteitlagy distance [18]. Branching frequency was dednas the
number of microvessel branch points occurring iergvcapillary segment [18]. Inter-capillary distenwas
measured in every capillary and microvessel segmusittg ImageJ1.40g software (Wayne Rasband National
Institutes of Health, USA).

Histopathology and detection of von Willebrand Faabr (F8) and Epithelial Membrane Antigen (EMA)

Formalin fixed samples were processed accordirsjandard procedures and stained with Hematoxyléh Easin
(H&E). Histological processing was performed at thistopathology section of the Philippine Kidney ialysis
Foundation, Roces Ave., Quezon City, Philippindmimunohistochemical (IHC) staining with anti Humaon
Willebrand factor (DakoCytomation, Glostrup, Denkjarand anti-human epithelial membrane antigen
(DakoCytomation, Glostrup, Denmark). Immunohisttical protocol was followed according to manufaetis
protocol. Briefly, deparaffinized and rehydrateztt®ons were treated with 0.3% hydrogen peroxidetaining
sodium azide and levamisole (DakoCytomation, GlgstDenmark) to block endogenous enzymes followed b
staining with primary antibody for 30 minutes. fiziént amount of peroxidase labeled polymer coajego goat
anti-mouse and goat anti-rabbit immunoglubuliniiis-HCI (DakoCytmomation, Glostrup, Denmark) wapked

to cover the entire specimen and incubated for tutes in a humidified environment. 3,3'-diaminobieine
chromogen-substrate solution was applied to cdwerentire specimen and incubated for 10 minutdsvield by
rinsing with distilled water. The tissue sectiavare then counterstained with hematoxylin and dnsih distilled
water, followed by dipping into 0.037motlammonia and then rinsed with distilled water. dsitive control from
human breast tumor (EMA) and human tonsil (F8) wsed to denote the specificity of immune stainirgjides
were analyzed under light microscopy and photogedphThe degree of vascularization was noted bgraeting
the frequency of microvesselz10 to <50 um) present in each CAM segment. The results weesented as
vascular density which was computed by the formula:

The IHC slides were analyzed and scored followirgingle blind scoring procedure[11]. The degrestafning
was noted in prominent areas and scored as higleeldg++), moderate (++), trace (+) staining andatiee (-)
which denotes the absence of either F8 or EMA.

Statistical Analysis

The results were analyzed using SPSS ver. 16 fordgws. One way analysis of Variance was perforieed
determine significant effects in the branching pdrequency and significant differences were deteeth using
Tukey's test an=0.05. Kruskal-Wallis test was performed to deiemrthe significant effects of (3:123-1con
vascular density. Significant differences were dateed by post hoc analysis using Mann-Whitney test 0.05).
The results were considered significant &t ®05. Means are reported as Mean + SEM.

RESULTS AND DISCUSSION

The dichloromethane extracts of the air-dried lsagBArdisia squamulosafforded a mixture of triterpenes in a
3:1:2 ratio by silica gel chromatography. Thesmpounds were identified by comparison of tHé€ NMR data
with those reported in the literature for bauerébl [19] a-amyrin (Lb) [20], andB-amyrin (Lc) [20]. The ratio of
the three triterpeneswas determined from the iategrs of the olefinic proton resonance® &t39 for bauerenod
5.11 fora-amyrin andd 5.16 forf3-amyrin. In our previous report, the mixtuta-1cwas also found to be a major
constituent ofA. pyramidalig14].

1a 1b 1c
Figure 1. Chemical structures of bauerenol (Lap-amyrin (1b) and B-amyrin (1c) from Ardisa squamulosa
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CAM Assay
The chorioallantoic membrane of mallard eggs exgpasda-1crevealed inhibition of vascular proliferation with

a 9-day exposure window. Overall, the CAMs wenenfb free from severe vascular trauma such as #émepce
blood droplets or petechial to severe hemorrhagiigte 1).Occlusion of blood flow however, resudtito the
formation of ghost vessels (Plate 1D-F, black asowas evident in those CAMs treated with both emtr@tions

of 1a-1c Characteristically, the blood vessels appeabgomore flat compared to both absolute and negative
controls (Plate 1A-C) indicating low blood pressarel reduced blood flow in the vascularized ardatéPL D-F,
yellow arrows). All embryos were found alive aettime of CAM observation thus providing viable CANbr
analysis (Table 1). The environmental and negatiwetrol groups on the other hand revealed norm@VC
vasculature with no peculiar signs or evidenceasfoular trauma. The zero mortality in all groupsted indicates
that the dose of the substance tested did presgmharphologic signs of toxicity.

-

10mm

10mm

10mm

Plate 1. Representative fractal segment of the vadarized area of chorioallantoic membrane of untreged duck egg (A), control CAM
administered with 1% (B) and 10% DMSO + PBS (C), @M treated with 0.6 pgul™ (E) and 6pgul™(3:1:2)1a-1c (F)
Black arrow represents occlusions in capillariesating ghost vessels while yellow arrow represargas with restricted blood flow. Normal
CAMs are seen with frequent vascular sprouts fires fany signs of bleeding or obstruction of blologvf
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Table 1. Survivability of embryos and branch pointfrequency and inter-capillary distance of blood vesels in CAMs of mallard eggs
administered with 1a-1c fromA. squamulosa

Branch points

Treatment Survivability (f Inter-capillary distance (mm)
1% DMSO+PBS 100% 8.92+0.45 4.70+0.43
10% DMSO+PBS 100% 9.50+0.60 3.89+0.73
0.6 ug/plla-1c 100% 3.60+0.33 3.15+0.31
6.0pg/ulla-1c 100% 5.20£0.59 2.11+0.12

Inter-capillary distance between two successivadirpoints were significantly (P<0.0001) affectediose CAMs
administered with 0.Gugpl™ and 6.0pgul* 1a-1c  CAMs administered with 6.Qgul™ 1a-1c had the shortest
capillary segment between two defined branch pdaiftble 1). Post hoc analysis however indicate$ those
CAMs exposed to 0.figul"* 1a-1cmay have had similar effects (P=0.196) with thiathose CAMs in the higher
concentration (Figure 2).
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Figure 2. Inter-capillary distance and branch poirt density of CAM’s administered with (3:1:2) 1a-1c
Bars indicated by the same letter superscript aesignificantly different at 5% Tukey'’s test

Analysis of the frequency of branch point formatalong capillary segments indicate minimal branghsegments
produced during CAM vascularization at the timeegposure tdla-1c(P=0.0001). CAMs administered with 0.6
pgul ™ 1a-1c had the least number of branch pointsper segnietil¢ 1) which was also found to have similar
effects (P=0.381) with that of the higher conceidraof 1a-1qFigure 2). The inhibition of branch point fornati
suggestsangio-suppression by limiting blood vessgelork formation.

It seems that the higher concentration of DMSO routed to the shortening of the inter-capillaryndén as
suggested by the results from set ups administeitd10% DMSO+PBS suggesting a possible synergedffiect
between DMSO+PBS antla-1c Post hoc analysis however between the effects%ofand 10% DMSO+PBS
indicates no significant differences (P=0.462) hestw inter-capillary distances indicating negligitdffects of
DMSO on inter-capillary distance.

Gross morphological comparison of the CAM shows=iensive network of blood vessels in the vasczeariarea
for those treatments that were untouched and thdsainistered with 1% and 10% DMSO+PBS (Plate 2A-C).
Treatments administered with either 0.6 or ggfl”* demonstrate suppressed vascular network forméRtate 2
D&E).

Vascular density was measured in histologicallyppred CAM segments. Vascular density in CAMs egfd®
la-1cwas significantly (P=0.0001) reduced indicatingigh degree of angio-suppression. CAMs expose€dlGo
pgul™ la-1c had an average of 0.21 + 0.03 which was signiflga(P = 0.010) different with that of 1%
DMSO+PBS (Table 2). Vascular density was also cedun the CAMs exposed to the higher concentradida-

1c with a high significant (P = 0.003) difference quamed to that of 10% DMSO+PBS. The vascular dgnsit
observed in thda-1ctreated CAMs indicates around 2-3 blood vesseadsagipearing for every 11.55 + 2.04 to
15.15 + 2.20 mm of CAM segment. The degree oftiion of the vascular densities betwel1ctreatments was
not significantly (P = 1.00) different indicatingat there was no concentration dependent activititis further
indicates that 0.@gul™ 1a-1cpresents a high impact angio-suppressive potenyiabquiring minimal amounts of
the sample and 100% embryo survival as noted irpmuious report.
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10mm

10mm 10mm

10mm

Plate 2. Representative fractal segment of the vadarized area of a chorioallantoic membrane of untated mallard egg (A), controls
administered with 1% (B) and 10% DMSO + PBS (C) cheacterized by frequent vascular sprouts, absence dfemorrhages and
occlusions of blood vessels; Opfgul™ (D) and 6.0pgul™ (3:1:2) 1a-1c (E) characterized by blood vesselgbid of blood flow

Table 2. Vascular density of CAMs exposed to 1a-fom the dichloromethane extract ofA. squamulosa leaves

Treatment Length of CAM segment (mm)  Number of vesds per segment  Vascular density
Environmental Control 6.15+1.85 3 0.74 +13
1% DMSO+PBS 8.64+1.12 6 0.68 +209
10% DMSO+PBS 8.13+1.87 6 0.75+%13
0.6 ugul™* 1a-1c 15.15+2.20 3 0.21+.63
6.0ugul™ 1a-1c 11.55 +2.04 2 0.20 + .03

Means followed by the same letter superscript aréla determined by Mann-Whitney tegt0.05)

When tissue sections were subjected to immunolhistoistry, CAMs exposed tha-1crevealed high expression of
von Willebrand factorg8). CAMs exposed to 0.6gul™ 1a-1chad a high degree of F8 expression which is simila
to that of 6.0ugul™ 1a-1c(Plate 3E &3F). F8 was found to be more localiathg platelet aggregates, endothelial
surfaces and the apical epithelial membranes. eSkH& is normally found in non pathologic tissuesaafactor
mediating clotting and platelet aggregation, thees however minimal expression of F8 in the negatiwntrols
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(1% DMSO+PBS and 10% DMSO+PBS) (Plate 3C & 3D) al as the environmental controls (Plate 3B) (Table
3). When tissue sections were analyzed for thegmee of EMA, all CAM tissue sections were non tigado anti-
human EMA but the positive control (Plate 4A) fréeiaman breast tumor had high expression of EMA Hiitig
that there was no expression of EMA in all the CAdsayed. EMA was found localized along apicathetia
membrane surfaces of the positive control tissuk iarthe negative and environmental controls. &IBMA is
routinely used as a marker for tumor angiogeneasishigh expression of EMA indicates the proliferathature of
angiogenesis in tissue samples, the non-reacijithe anti-human EMA corroborates with the obsdrdata on
the reduction of vascular density and high expoesef F8.

10-um

10 um Tpm

1mm 10 um

Plate 3. Photomicrograph of IHC positive control Bde from human tonsil expressing high concentratio of von Willenbrand Factor (F8)
(A), untouched duck chorioallantoic membrane (B), @M treated with DMSO 1% (C), DMSO 10% (D), 0.6 pgul™ 1a-1c (E), 6.0ugpl™
(3:1:2) 1a-1c stained for von Willebrand factor shwing positive brown staining reaction along endotélial lining (€) and membrane
epithelium (m)
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Table 3. Effects of 1a-1c fromA. squamulosa on F8 and EMA expression in duck chorioallantoic rembranes

Treatment Von Willebrand factor  Epithelial Membrane Antigen

(F8) (EMA)
Positive IHC Control +++ +++
Environmental Control + -
1% DMSO+PBS + -
10% DMSO+PBS + -
0.6 ugul™1a-1c ++ -
6.0ugul ™" 1a-1c +4+ -

high degree of staining (+++), moderate (++), tra¢e), negative (-)

B

10 pm

Plate 4. Photomicrograph of IHC positive control Bdes from human breast tumor (A), untouched duck borioallantoic membrane (B),
CAM treated with DMSO 1% (C), DMSO 10% (D), 0.6ugul*la-1c (E), 6.05ugul™(3:1:2)1a-1c (F) stained for epithelial membrane
antigen showing the absence of a brown staining reion along endothelial lining () and membrane efhielium (m)

A recent study [11] reported the angio-suppresptential of the hexane fraction from its methamelktract. This
study noted that the hexane fraction obtained fileenmethanolic extract &. squamulosdeaves had more potent
angio-suppressive effects on microvessels of nthl@AM. The current study dealt with the angio-s@sgive
effects ofla-1c A significant reduction of blood vessel branainp formation and short inter-capillary distance
results to a less extensive blood vessel netwankdtionindicating lower blood vessel density. ThaM® were
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found to have reduced blood vessel density as cadpt the negative control. The lowest vasculkansity
indicates that fewer microvessels are found ovepexific CAM segment indicating that there was sapgion of
blood vessel sprouting. The similar angio-suppvesactivity found between the lower and higher camtrations
of 1la-1cshows that there is no concentration dependentityctelative to angio-suppression. This entdilattla-
1c has high impact potential towards angio-supprassamplimented by 100% survival of the embryoshat¢nd
of a 9-day exposure window. Immunohistochemistiglgsis of the CAMs reveals high degree of F8 esgiom
along platelet aggregations cites such as endathigling and epithelial membrane surfaces. Tlghti8 activity
on these tissues corroborates with the resulthefvascular density analysis and sprout formatitere it was
shown that restriction of blood vessel branch pamd capillary elongation is due to the high exgi@sof F8 in the
CAM. F8 has been identified to bind [21] and regelthe internalization afvp3 integrin leveldn vitro [22]. In
addition, F8 regulates Ang-2 release in endothdlils [22]. Ang-2 in this sense regulates VEGHatesl
stimulation of VEGF sprouting and migration [23Bimilarly, it was noted [22] that deficient levetd F8 in
vivowill result to increased angiogenesis and high dleessel density. Therefore it is possible thatréstriction of
blood vessel branch points and capillary elongagi®nvell as the low vascular density obtained endiarrent study
is a consequence to the increase in F8 levels i Ghdothelial cells and epithelial membranes. et
immunohistochemical analysis of the CAM indicatezhieactivity of the tissues to anti-human EMA haty.
EMA is used for routine diagnosis of tumor angioggis and marrow micrometastaes [24]. It is suggetten that
the possible mechanism of action in the observeibasuppression in CAMs exposedla-1cis partly due to the
role of von Willebrand factor in regulating angiogsis. The 100% embryo survivability and CAM vidil
suggests the non-toxicity dfa-1c Further, the very low concentration of the pis@ates from the mixturga-1c
used in the assay compared to its angio-suppreastixgty indicates a high impact bioactivity oktksubstance.

CONCLUSION

Administration ofla-1cresulted to the formation of ghost vessels anditibn of inter-capillary distance between
blood vessel branch points as well as reductioblofd vessel branch point frequency. There way Wégh
(100%) embryo survivability and CAM viability inditing a non-toxic effect afa-1c The mixture of triterpenes
(bauerenolg-amyrin andB-amyrin) at 3:1:2 ratio fromrdisia squamulos&as been found to be angio-suppressive
by restricting blood vessel branch point formatioapillary sprout elongation and blood vessel dgnsith no
concentration dependent activity. Further, theeoled angio-suppression in the CAMs shows highWilfebrand
factor expression indicating that the observed @asgppressive activity was due to the restrictivgpprty of von
Willebrand factor against other angiogenesis mddrsga This is complimented by the non-expressibepithelial
membrane antigen in the CAMs tested. However,etkgression of other angiogenesis related factoch s
CD31, CD34, Actin and Cyclin are still necessargstablish the observed mechanism of angio-sugpress
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