faanssulszma

ao 4 o a’a} a a( Yo
\1']11!’35]fJﬁE]\iENﬂ‘]JiZﬂ’f]’U‘VINLﬂﬁ imﬁmmmgyjaaaizuazqmmﬁ’m1wmﬂuuu1ﬂ ”lmu

~

av v Aaw @ a Y [ awv 9’o < d
NUYANYUIYIINTDIUVUIVYUAS WAL UN1INGIQYIWITN \ﬂl.l')i]ﬁluﬁn'iﬂhléﬁﬁf]\?%?ﬂljﬂﬂﬁﬁﬁWﬂ
J 4 ' A vy Y Yo = o a < o w
mu”lmqmwwmaa“lw%uﬁa Jorguouue Tmyusnyuzii uaasnnuaariutaziigele

= A o d ya 4 aw
v}’maumamauwaxﬂm 7. A3, YdU mamﬁmmu v}’amimmmﬂﬂ

awv J a [ v o 4 J
VDVUDUNIEAN WH. ATF. DNIAU %'ﬁ’gﬁlf}ﬁiﬂ‘ﬁ, AT. TIVY AULTU LUASDIVITYDUIA

=1 a ~ I~ 9 a Ao %
vszlanna nngandudlsziivanidy (a1fuse)

@

[ 9 9
YOYDUNTEAMDTMIVA UHIINAEWIETN NoylianuITe a3l

Q q

E4
MegaildINevovounszAn 5.0. o lo-u1au13-1.a. 1301 1WeId201A UNOTYY FITUAS

L4 < <3|

uazAmaRanNgd WinE1d Aeduasuaivayy uaziluidlnaeamn

gy WeIazeIn

Wi Ingans19e¢

1 JuAY 2556



unAaLo

awv dy Y J = Sy a = = Y
myveil ladnyiesdlsznoumaunil  gnidiueyyadasz uazqnENNTININVOIAY
o a o Y Y Y =) v Y ) 9 [
yuwa Tasthluuagnsvesyuuinuiliuds ualiazidea uazanadlodaiiazato laun
Y Y
sy lanas Tstimu uazwniuea a1y uennnil ldanainiuvenszmoainluyuuin
9 as o 9 g' a 4 4 =7 a o =1
A1835nsnaudleletinazinsizvimessdseneumaniidlomaianislasui Innsii-
= 912’ % Aaa A F a [ A d
sugaaInsuas Taidurenssimenlidmaes Sosaznandaaminy 0.064 wazwuasiiu
¢ - a & v o A s o Yy 1
paflszneumanil 35 a3 Aatludevaz 81.4 vesarsnavua arsiiluesnsznouvan laun
trans-caryophyllene (30.9%), [-caryophyllene oxide (17.9%), a-humulene (6.0%),-cadinene (4.1%),
y-muurolene (3.5%), y-cadinene (2.3%), [selinene (1.9%), germacrene D (1.8%) 18 [bisabolene
4 o Y [ a Jd a a QaJJ A, . .
(1.6%) Wehmsanane 11nseHlsuailuedanianuad183% Folin-Ciocalteau  reagent
WU MsafammueannnunatlInaiiueangaga (199.27 + 6.55 daaniuauyaved
a 1 [y :’ [} 9 (% Q' a (A = a c"
NIALNAANADNT WIINUNUN) azasananuIInNIyunallsnaueandiga (6.82 =
1 v g’ % e Q&
0.73 dadnsuauyavesnsaunaanaens v miinuie) uenvnil ladnuignslunmsdueyya
Y
daTzv0IETanAAINe LAzl uneNTEA183T DPPH 33 ABTS 131 reducing power WU
v A
AFANALNIUPANNNIYUUIATIGNT lumsAueyyaddsy 1aeds DPPH 1az5 ABTS gaga fim

' o a A

9
IC,, 19111 0.15 £ 0.01 1Ay 0.284 £ 0.005 HadnsudoNaaans Ay drthiuroNszivol

= 9
N5

TWOYYADATZAI8IT DPPH 11az35 ABTS d1ga Taelinn IC,, i1y 31.67 £ 0.18 g 7.712
v 4
+ 0.077 Jadnsudedadans mwd iy asanamwmueannieyualgnidueyyaddszdie
75 reducing power g 3098907 laun asanawmueannly arsanalanas Istimuninna
v 9
asana lanas Istimuninly ensanaenaunnly ssadaenauann nazihiuneussive
o_w Aav ogl'dyyo v oyol =3 QdﬁJ dy A A =
aday M3Ivenieil lahmsananie uazsihiuvonszme lAnygnidusenuaiise gnd
Y 491 3 a 1 I QOJQI 4 < = QJW dy a A
AMuUFo31 NagouaNUuNABITaaA LazgNTAaaNITI MIANMIgNTAIFBLLANITY
dy Jax . . ' @ A~ ) A A 1 dy . .
1az1%9311935 agar diffusion WUNATAAANNIUBANNAINNTANUUUANITEABIYD Escherichia
. A a o o dy " w A A o =) Sy
coli gaga NUTNUIVTUFD 1NNV 160 T 1.0 Nadwas asadammusannlulgnidin
=S A 1 lﬁg’ = a 3 09)’ tﬂg’ 1 5 a a
LUANGEARIAD Staphylococcus aureus QREANVTNUTVGUFRINNY 23.0 T 0.5 Taduwas uazas
[ =\ Q' = a‘{s} S 1 dy . a A [ 09/'
analanas Tslimuainelignidumuniieaeie Pseudomonas aeruginosa gaga NuUSHAGUT
k4 v P’ Y
oy 12.2 £ 0.3 Hadwas ssanammueanInneligniaus1aei¥e Candida albican gage

4 Y A
[ a gy 1 a v W
wazasanauMueanlulgnFA s 1aeise Trichophyion mentagrophyte gaga NUTIUTVEY

g 1 5 a a o - o g’ 4 L= Qoa
!Gd]SfJL‘ﬂWﬂ‘U 11.8 £ 0.6 uaz 18.0 = 0.5 WaawAT MUAIAY fffTﬁﬁﬂﬂuﬁ%uﬂJu‘Vi’ﬂiﬁ$!1’i&lvl§J11i]‘ﬂ‘ﬁ



'
o =

o ' dS’ d" 9 1 Y 9 1 [ 3 d" a A
ATUIINDIY® Aspergillus  flavus ‘Ll’E)ﬂﬁ]TﬂullﬂWWﬂTﬂTIiJL‘UﬂJGUUG]"IﬁﬂﬂﬁﬁJ'liﬂfJ‘iJfN!GI)'?JLL“]JﬂVILiEJ

q

v
a

P Y
(MIC) $$11a83% microtiter broth WuNAsanAmMUeanluuaziyuIAlignTd e £ coli

Q

gaga dim MIC iy 31.25 Tulasnsuseiiaaans ensadammueannly msanamwniuen

Q‘/ﬁ}

v 2
sazasana lanae Tslmuaniayuua Ygnsanuse S. auwreus gaga UA1 MIC 110D 31.25
v 2 P
Tulnsnsudedadans aruihiureusemeligniAIuee £ coli g S. aureus A1 MIC MY
1 1 A aa o o 4 ) = 4 <3 o
250 wag 125 luTnsnsudediadans mudwy ieimsfAnugnidusaduzisavesasanauay
g} o 9 J <] Yy 1 J s a J 3 v a
durensyivelfsaaueisswesnu laun aduzsaredtnyia KB aduziSuduusia
4 < a a 4 a 9 4
MCF-7 uaziaauzi5aileayiia NCI-H 187 uaznaaeuanuiluiiyvouyaddndlagldiradveq
a3 42678 Resazurin microplate assay (REMA) wunaisanalanas Istimutazarsanamni
A = 14 I 1 a 1 1 o
woannlutagnalignidusaduziserealingila KB a1 1C,, 1y 23.70, 25.14, 18.01 uag
2991 luTnsnsusedaaans mudny asanaenuanlusazasana lanas Islimuainned
= 14 <3 a 1 1 v [ 1 A aa
gniduaauzis uduuyiia MCF-7 a1 I1C,, wi1iu 38.12 uay 28.83 lulasniusdeiiaaans
o w @ =\ o A =~ a"ﬂl 4 <
AudaY d@rsana lanas Istmutazasanamniueannluuazng Jgnidusaauziiiea
wila NCI-H187 Tifin IC,, MU 38.68, 30.80, 18.42 ag 33.54 luTasnSudedaaans audiau
1 :I % =\ = 4 < 3 a 1 '
drniniurouszrelgniAumaauz5ane 3 vila 1dun KB, MCF-7 uay NCI-H187 1ia11C,,
Y Y
MR 24.02, 16.19 waz 20.32 Tulasnsuseiiadans mud1dy wennntiansanan1ee uaziinaiy
(= 3 a 1 4 a 4 ) o =\ A a =
vouszive lilianuiluisaemaaind wethasanalanas Isimuvesnayuuinuenusgns
1@ens Ao a3 friedelin, ETWEANTLHIN @-amyrin NU B-amyrin, 815 lupeol LALETT Ssitosterol
& A 4 a o ! =
Fahaszrim Inseas e laeldmaiaaalnalall thersivenldldnaaeugniniediam
4
WU @15 friedelin, ESNANTENING @-amyrin LA S-amyrin HAZE1T lupeol HgnTAuuuaiise
2
AvI¥0 E. coli Taalinn MIC 11y 250 luTasniuaeliadans @auas Bsitosterol UA1 MIC My
4
1000 luTnsnsuaelanans uenINLaT friedelin, ATHANTEHIN g-amyrin 1@ Samyrin, 613
4 9
lupeol 1Az @15 SBsitosterol NgNTAMUVATNISofOIF0 S. aureus WA MIC 117D 250, 250, 500 LAY
Y 4
1000 luTpsniudedianans uennIndasNaNTEHIN@-amyrin - 1Ay Samyrin  UgnFAIU
4 I a 1 v W o 1 A Aaa 1 =
raauzIsud unyila MCF-7 §in IC,, iy 28.45 luTasnsudeiiaaans daud1s lupeol Jgnd
9 4 3 Qs}l a Y [ 4 <3 [ A o < 9 a
Auraaueisane 3 ¥ia laun aduz5 el nyia KB raauzsuduusia MCF-7 uag
J ] a 1 [ v 1. A aa
waauziseoarila NCI-H187 Hif1 IC,, ny 30.12, 34.25 uaz 21.56 lulasniusolanans

o w A 9}3 (=Y 1< a 1 4 a
AU Ll,ﬁ3f‘T'li‘VILLEJﬂUlﬂVNWiJﬂUhJNﬂ')'liJ!ﬂuWHG]'E]LG]fﬁa‘]Jﬂﬁ



Abstract

In this research work, the chemical constituents, antioxidant and biological activities of Mesua
ferrea Linn. were studied. The leaves and stems of M. ferrea were dried, ground and extracted with
hexane, dichloromethane and methanol, respectively. The essential oil from the leaves of M. ferrea
was isolated by hydrodistillation and analyzed by means of GC-MS. The yield of obtained essential
oil was at 0.064% and its characterize was as yellow liquid. Thirty-five constituents were identified,
constituting 81.4% of the total volatile components. The major constituents were trans-caryophyllene
(30.9%), [-caryophyllene oxide (17.9%), a-humulene (6.0%), O-cadinene (4.1%), y-muurolene
(3.5%), y-cadinene (2.3%), [selinene (1.9%), germacrene D (1.8%) and [bisabolene (1.6%). The
total phenolic contents of the crude extracts were estimated by Folin Ciocalteau method. The
methanol extract of the stems exhibited the highest total phenol contents (199.27 & 6.55 mg GAE, g
extract), but the hexane extract of the stems exhibited the lowest total phenol contents (6.82 +0.73
mg GAE, g extract). The antioxidant activities of the extracts and the essential oil of this plant were
determined by the DPPH, ABTS and reducing power methods. The methanol extract of stems
exhibited the highest antioxidant activities by DPPH and ABTS methods with the IC,; values of 0.15
T 0.01 and 0.284 = 0.005 mg/mL, respectively. The leaf essential oil showed the lowest antioxidant
activity by DPPH and ABTS methods with the IC., values of 31.67 £ 0.18 and 7.712 % 0.077
mg/mL, respectively. The extracts and the essential oil also showed antioxidant activity by reducing
power method. The methanol extract of M. ferrea stems showed the highest reducing power, followed
by the methanol extract of the leaves, the dichloroform extract of the stems, the dichloroform extract
of the leaves, the hexane extracts of the leaves, the hexane extracts of the stems, and the leaf essential
oil, respectively. The antibacterial, antifungal, cytotoxic and anticancer activities of the extracts and
the leaf essential oil were investigated. The antibacterial and antifungal activities of the extracts and
the leaf essential oil were determined using the agar diffusion method. The methanol extract of the
stems showed the highest antibacterial activity against Escherichia coli (diameter of inhibition zone of
16.0 £ 1.0 mm), the methanol extract of the leaves showed the highest antibacterial activitiy against
Staphylococcus aureus (diameter of inhibition zone of 23.0 T 0.5 mm), and the dichloromethane
extract of the stems showed the highest antibacterial activity against Pseudomonas aeruginosa
(diameter of inhibition zone of 12.2 03 mm). The methanol extract of the stems showed the highest
antifungal activity against Candida albican and the methanol extract of the leaves showed the highest

antifungal activity against Trichophyton mentagrophyte with the inhibition zones of 11.8 + 0.6 and



18.0 £ 0.5 mm, respectively. All extracts and this leaf oil did not inhibit Aspergillus flavus. The MIC
of the extracts and the leaf essential oil were evaluated against E. coli and S. aureus using the
microtiter broth method. The methanol extract of the leaves and the stems showed the highest
antibacterial activity against E. coli with the MIC values of 31.25 pg/mL. The methanol extract of the
leaves, dichloromethane extract and the methanol extract of the stems showed the highest antibacterial
activity against S. aureus with the MIC values of 31.25 pg/mL. In addition, the essential oil exhibited
significant antibacterial activity against E. coli and S. aureus with the MIC values of 250 and 125
pg/mL, respectively. The anticancer activities of the extracts and the essential oil were determined by
the Resazurin Microplate Assay using three human cancer cell lines; KB, MCF-7 and NCI-H187.
Their cytotoxicities against Vero cell line (African green monkey kidney) were also carried out. The
dichloromethane extracts of the stems and the essential oil exhibited anticancer activities against three
cell lines. The dichloromethane extracts, the methanol extracts of the leaves and the stems exhibited
anticancer activities against KB cell line with the IC,; values of 23.70, 25.14, 18.01, and 29.91 pg/mL,
respectively. The hexane extract of the leaves, the dichloromethane extract of the stems exhibited
anticancer activities against MCF-7 cell line with the IC,; values of 38.12 and 28.83 pg/mL,
respectively. The dichloromethane extracts, the methanol extracts of the leaves and the stems
exhibited anticancer activities against NCI-H187 cell line with the IC,, values of 38.68, 30.80, 18.42,
and 33.54 pg/mL, respectively. The leaf oil also exhibited anticancer activities against KB, MCF-7
and NCI-H187 cell lines with the IC,  values of 24.02, 16.19, and 20.32 pg/mL, respectively. All the
extracts and the essential oil were non cytotoxic to Vero cells. Friedelin, the mixture of a-amyrin and
S-amyrin, lupeol and [-sitosterol were isolated from the active dichloromethane extract of the stems.
All identified compounds were elucidated by spectroscopic techniques and compared with the
physicochemical and spectroscopic data in the literature. The isolated compounds were tested for their
biological activities. Friedelin, the mixture of a-amyrin and S-amyrin, and lupeol showed the
antibacterial activity against E. coli with the MIC values of 250 pg/mL, but [-sitosterol showed the
activity with the MIC value of 1000 pg/mL. Friedelin, the mixture of @-amyrin and f-amyrin, lupeol
and [sitosterol showed the antibacterial activity against S. aureus with the MIC values of 250, 250,
500 and 1000 pg/mL. The mixture of -amyrin and f-amyrin exhibited anticancer activity against
MCF-7 cell line with the IC, value 28.45 pg/mL. Lupeol exhibited anticancer activities against KB,
MCF-7 and NCI-H187 cell lines with the IC,; values of 30.12, 34.25 and 21.56 pg/mL, respectively.

All isolated compounds were non-cytotoxic to Vero cells.
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g1U22 Tasead193adud (o-tocopherol)
5U23 Taseadrvesansdszneviluednuieriia
3131 wwumwuaasmsanavesluyuadediazatenie
31/3.2  uwunmEaImsanavesneuIAdIeAtazaen1e
5133 seupmmsugnaisnnaisania lanas Islimuyenayumna
31U 3.4 UHUAINMTUENENT MF3.2A22, MF3.4A22 11ag MF3.6A2
31U 3.5 UHUAINMTUENENT MF4.3A3
Y
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71U 44 vaasnnuduiussenialesdudmsdudivesasazais trolox
= Y Y Y ax
NANUANTUAI 72875 DPPH
o o & ' sl @ v o . .
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Anrnazdeydnwainag
brs Broad singlet
°C Degree Celsius
CC Column chromatography
CDCl, Deuterated chloroform
cm Centimeter
cm’ Wave number
“C-NMR Carbon 13 nuclear magnetic resonance
d Doublet
dd Doublet of doublet
dt Doublet of triplet
EIMS Electron impact mass spectrum
EtOAc Ethyl acetate
FID Flame ionization detector
FT-IR Fourier transform infrared spectroscopy
'"H-NMR Proton nuclear magnetic resonance
Hz Hertz
IC,, 50% Inhibition concentration
IR Infrared
J Coupling constant
m Multiplet
mL Milliliter
mg Milligram
MHz Megahertz
MIC Minimum inhibition concentration
min Minutes
mm Millimeter
mM Millimolar

MS Mass spectrum



m/z

NMR

ppm
PTLC
RI

RT

TLC
uv

max

Y d

v d LY
Annuazdyanyaing

A value of mass divided by charge
Nuclear magnetic resonance
Number

Part per million

Peperative thin-layer chromatography
Retention index

Retention time

Singlet

Thin-layer chromatography
Ultraviolet

Microgram

Microliter

Chemical shift

Wavelength

Wavenumber at maximum absorption



