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SUMMARY

ISOLATION OF GERANYL FLAVONOID AND ANTIOXIDANT
ACTIVITIES OF BREADFRUIT LEAF EXTRACT
(ARTOCARPUS ALTILIS)

Breadfruit is widely cultivated and used as a traditional medical for treating various
diseases. From the ethyl acetate extract of breadfruit leaf, three geranyl flavonoid
were isolated comprising 2-geranyl-3,4,2°,4"-tetrahydroxydihydrochalcone AAl, 1-
(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-methyl-2-(4-methyl-3-pentenyl)-2H- I -
benzopyran-5-yl]-1-propanone AA2 and (S)-Sophoraflavanone A AA3. The
biosynthesized pathway of these isolated compounds were proposed through the key
step condensation between geranyl pyrophosphate and flavonoid moiety. The in vitro
antioxidant activities revealed both methanol and ethyl acetate extract possessed
antioxidant effect and the ethyl acetate extract was the most effective with 1Csy value
79.3 and 9.32 ug/mlL in comparison to positive control, Vitamin C with ICsy value
4.39 and Trolox 11.80 ug/mL in both DPPH and ABTS methods, respectively.
Keywords: Artocarpus altilis, breadfruit, geranyl flavonoid, DPPH, ABTS.

1. MO PAU than, bénh gout, viém gan [2]. Cac cong
Sa ké (Artocarpus altilis, tiéng Anh: trinh nghién ctru trén thé gidi cho thiy
Breadfruit) 1a mot trong khoang 50 loai cac dich trich tir sa ké c6 nhiéu hoat tinh
thudc chi Arfocarpus phan bb chi yéu ¢ sinh hoc nhu kéo dai giai doan G1 trong
cac ving néong Aam nhu Péng Nam A va chu ki té bao & dong té bao ung thu va &
cac dao ven Thai Binh Duong [1]. Sa ké nguoi [3], chdng xo vita dong mach [4],
12 mot loai cay than gd, qua sa ké c6 thé rc ché hoat tinh enzyme chuyén doi
an dugc va rat giau dinh dudng. Trong angiotensin, mdt enzyme dong vai tro
dan gian, 1a sa ké duoc cho la co tac quan trong trong diéu hoa ap luc mau
dung khang viém, khang sinh, loi tiéu, [5]. Cac nghién curu vé thanh phﬁn hoa
tritiéu  chay, cao huyét 4ap, soi hoc cho thidy sa ké c6 chira nhiéu
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triterpene,  stibene, chalcone  va
flavonoid [6-8]. Trong nghién ctru nay,
hoat tinh khédng oxi hdéa cua cac cao
chiét tir 14 sa ké da duoc danh gia bang
phuong phap st dung gdc tw do DPPH,
ABTS. Bén canh d6, thanh phin hoa
hoc cao chiét cling dugc khao sat va da
phan lap duwoc 3 hop chat thudc nhoém
prenyl flavonoid AA1-3.

2. THUC NGHIEM

2.1. Hoa chét va thiét bj

Silica gel sdc ky cot cd hat 0,040 —
0,063 mm va ban mong Silicagel 60—
Fys4 cua hang Merck, Ptrc. Cac dung
modi gdm hexane (H), chloroform (C),
ethyl acetate (EA), methanol (Me) tu
hang Chemsol. Phdo NMR duoc ghi trén
may Bruker Advance 600 MHz. Khéi
phé MS duoc ghi trén may Bruker
microOTOF-Q. Cac phan tich nay dugc
thuc hi¢n tai Vién Khoa hoc cong nghé
Kyoto, Nhat Ban.

2.2. Nguyén liéu

Mau 14 cay sa ké dugc thu hai & huyén
Phong Dién, thanh phé Can Tho. Miu
la cay sau khi thu hai dugc loai bo phan
sau bénh va phan bi hu, rira sach bang
nude, cat nhod rdi say khoé & nhiét dd
60°C dén khdi lwong khong ddi, rodi
nghién min thu duoc bot 14 sa ké kho.
2.3. Phan lap cac chat

Bot 1a sa ké (5 kg) duogc cho vao tui vai,
cot kin rdi ngdm trong methanol. Sau it
nhat 24h, loc liy dich chiét, c6 dudi
dung moéi thu duoc cao chiét methanol.
Liap lai 3 1an thu dugc khoang 800 g cao
methanol dang séch. Tién hanh chiét
long — 1ong lan luot véi cac dung moi
hexane, ethyl acetate rdi co dudi dung
mdi dudi ap suat thip thu duoc cac cao
chiét 1an luot 1a: hexane (90 g), ethyl
acetate (136 g) va nudc (75 g). Tién
hanh sic ki cot nhanh cao ethyl acetate
v6i hé dung moi H:EA (9:1 = 0:10) rdi
methanol thu dugc 9 phan doan ki hi¢u
E1-9. Phan doan E6 (23 g) duoc tién
hanh sic ki cot bang hé dung moéi H:EA
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(9:1 = 0:10) thu duoc 5 phan doan nhé
ki hiéu E6.1-5, Sic ki cot phan doan
E6.2 (7,5 g) thu duoc hop chit tinh
khiét ki hiéu 14 AA1 (230 mg) voi hé
dung moi rua giai cot la H:EA (7:1).
Séc ki cot phan doan E6.3 (4,8 g) nhiéu
lan két hop véi sic ki ban mong diéu
ché thu dugc hai hop chit tinh khiét
AA2 (4 mg) va AA3 (6 mg).

Hop chit AA1, dang sip mau vang.
TLC R¢ 0,40 (C:Me = 95:5). HR-ESI-
MS: m/z 433,1920 [M+Na]" (tinh toan
433,1985).

Hop chat AA2, dang sap mau vang,
ESI-MS: mvz 431 [M+Na]".

Hop chit AA3, dang sap mau vang
nhat, HR-ESI-MS: m/z 431,1771
[M+Na]" (tinh toan 431,1828).

2.4. Phuong phap danh gia hoat tinh
khang oxi héa

2.4.1. Phwong phap DPPH

Thur nghiém khang oxi hdéa DPPH dugc
tién hanh theo phuong phéap ctia Sharma
va cong su (2009) c6 thay doi [9]. Thir
nghiém duogc tién hanh bang cach cho
100 puL dung dich gbc DPPH vao 900
uL dung dich cao chiét duoc pha trong
methanol sao cho néng d6 sau cung cia
DPPH 13 100 uM va cua cao chiét 1a tir
0-500 pg/mL. Hon hop phan tng duoc
U trong bong tdi & nhiét d6 phong trong
30 phut, sau do tién hanh do mat do
quang ¢ budc song 517 nm. Vitamin C
dugc dung lam dbi ching duong trong
thir nghiém. Thi nghiém duoc 1ap lai 3
lan va két qua duoc biéu dién bang gia
tri ICso pg/mL.

2.4.2. Phwong phdip ABTS"

Thir nghiém khang oxi héa ABTS™
dugc tién hanh theo phuong phéap cia
Nenadls va cong su (2009) [10]. Dung
dich gbc tu do ABTS™" dugc chuan bi
bang cach cho dung dich ABTS ndng
dd 7 mM vao dung dich K,S,03 néng
d6 2.45 mM véi thé tich bing nhau rdi
i dung dich & bong tdi trong 16 h, sau



d6 pha lodng bang ethanol rdi diéu
chinh d6 hip thu cua dung dich & budc
song 734 nm dén 0.740.05. Dung dich
nay dugc dung cho thu nghiém. Thu
nghiém duogc tién hanh bing cach thém
10 pL mau thir vao 990 uL dung dich
gbc tu do ABTS™ va u ¢ nhiét do
phong (khoang 30°C) trong 6 phit. Do
hép thu dugc do & 734 nm. Péi chimg
duong duogc st dung trong thir nghiém
1a Trolox v&i ndng dd sau cung la 0-15
pg/mL. Thir nghiém dugc 1ap lai 3 lan
va két qua duoc biéu dién bang gia tri
1Csp pg/mL.

3.KET QUA VA THAO LUAN

3.1. Két qua thanh phin héa hoc

Tir cao chiét chloroform, bang cac ki
thuat sic ki cot va sac ki ban mong diéu
ché da phan 1ap duoc 3 hop chét tinh
khiét. Cau trac héa hoc cia cac hop
chit duoc xac dinh bing cic phuong
phap phd 1D va 2D-NMR, khdi phd d6
phan giai cao HR-ESI-MS.

Hop chit AA1 1a chét ran dang sap,
mau vang. Phd HR-ESI-MS tim thay
mili ion gida phan to m/z 433,1920
[M+Na]’, tinh toan cho CssH3oOsNa:
433,1985, suy ra cong thirc phan tir 1a
CasH300s. Phé "H-NMR (600 MHz) &
ppm cho thiy c6 mot tin hiéu proton
kém ndi & 12,79 (1H, s); cac mili cong
huong ¢ 6 7,6 (1H; d; 9Hz); 6,39 (1H;
d; 2,4Hz) va 6,35 (1H; dd; 2,4Hz) dac
trung cho h¢ spin ABX cua céac proton
vong thom. Céc tin hiéu ¢ 6 6,72 (1H;
d; 8,4 Hz) va 6,68 (1H, d, 7,8 Hz) thuc
vé& mot cap proton & vi tri ortho cua mdt
vong benzene khac. MOt cdp proton
khac ¢ 6 3,10 (2H; ¢, 7,2 Hz) va 2,98
(2H, ¢, 7,2 Hz) thudéc v& 2 nhém
methylene nidm ké nhau >CH,-CH,<.
Céc tin hiéu proton con lai bao gdom 2
proton alkenyl =CH- tai 6 5,18 (1H, ¢,
6,6Hz); 5,03 (1H, ¢, 6Hz); 3 nhom
proton methylene —CH,— tai 6 3,41 (2H;
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d; 6,6 Hz); 2,09 (2H; t; 7,2 Hz) va 2,06
(2H, ¢, 6,6 Hz) cung voi 3 nhém methyl
—CH; ¢ 6 1,79 (3H; s); 1,66 (3H; s) va
1,58 (3H; s) la cac proton dac trung cho
nhom geranyl. Phé “C-NMR (150
MHz) két hop v6i phé DEPT & ppm cho
théy su hién dién ctia mdt nhom ketone
& 203,9; bdn carbon vong thom kiéu
>C-OH lan lugt tai § 1652; 162,7;
142,8 va 142,5; bay carbon methine o
132,3; 123,7;121,7; 121,5; 112,9; 103,5
va 107,8; nam nhom proton methylene
d 39,7; 39,6; 27,8; 26,3 va 25,9; ba
nhom proton methyl & 25,7; 17,7 va
16,3. Phd 2 chiéu HSQC két hop voi
HMBC cho thdy twong tic cula
H8—C10 va H9—C10,11,15 cung vdi
cac tuong tac H3,5,6—C1 cho phép xac
nhan sy hién dién cua khung sudn
dihydrochalcone. Hon thé nira, cac
twong tac cua HI16—Cl10,14,15 va
H17—-C15 cho phép quy két vi tri cta
nhanh geranyl la & C15. Tu nhiing dir
kién thuc nghiém thu duoc két hop so
sanh dbi chiéu véi tai ligu tham khao,
hop chit AAl duoc xac dinh 1a 2-
geranyl-3,4,2",4"-
tetrahydroxydihydrochalcone [11].

Hop chit AA2 1a chit rin dang sap,
mau vang. ESI-MS tim thiy miii ion gia
phan t& m/z 431,1 [M+Na]" tinh toan
cho C,sHys0sNa. Phé 'H-NMR (600
MHz) & ppm tuong ty nhu hop chat
AA1 voi mot tin hi€u proton kém ndi &
o 12,75 (1H; s); nam tin hi€u proton
vong thom bao gém & 7,57 (1H; d; 9,0
Hz); 6,37 (1H; d; 2,4 Hz); 6,34 (1H;
dd; 9,0 va 2,4 Hz); 6,73 (1H; d; 8,4
Hz); 6,62 (1H; d; 7,8 Hz); va hai tin
hiéu proton methylene 6 3,11 (2H; ¢, 7,8
Hz); 2,99 (2H; t; 7,6 Hz). Tét cac cac
tin hi¢u nay cho phép xac nhan su co
mit cua cdu tric khung tetrahydroxy
dihydrochalcone tuong tu nhu AAL.
Ngoai ra, phd proton con cho thiy céac



tin hi€u ctia 3 nhém proton alkenyl &
5,09 (1H; tm; 6,6 Hz) bao gdm mdt cip
proton ghép cis 6 6,55 (1H; d; 10,2 Hz);
5,64 (1H; d; 10,2 Hz); hai nhom
methylene 6 2,11 (2H; m) va 1,71 (2H;
m) va 3 nhém methyl 6 1,67 (3H; s);
1,57 (3H; s) va 1,40 (3H; s). Phd "C-
NMR (150 MHz), DEPT két hop cung
v6i HSQC cho thdy ngoai céac tin hiéu
dic trung cua 15 carbon cua cdu tric
khung tetrahydroxydihydrochalcone
con ¢o cac tin hi€u cua 3 carbon alkenyl
nhat cdp & 130,1; 123,9 va 119,4, mot
carbon alkenyl t&r cAp & 132,0; hai nhom
methylene 6 40,8 va 22,8; ba nhoém
methyl & 26,1; 25,7; 17,7 va con lai 1a
mot carbon tir cfip 0 78,8 thudc loai >C-
O-. Phé HMBC cho thdy twong quan
cia H16—C10,14,15 va H17—Cl15,18
[Hinh 1. Cac twong taic HBMC quan
trong cua AAI va AA2

] cho thdy nhanh geranyl & AA1 da két
hop véi nhom —OH cua C14 hinh thanh
nén vong chromene. Tu nhirng dir ki¢n
thue nghiém két hop véi tai liéu da
cong bd cho phép xac nhan hop chat
AA2 la [1-(2,4-dihydroxyphenyl)-3-[§-
hydroxy-2-methyl-2-(4-methyl-3-
pentenyl)-2H-1-benzopyran-5-yl]-1-
propanone [11].
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Hinh 1. Cac twong tac HBMC quan
trong cua AAI va AA2

Hop chit AA3 1a chit ran dang sap,
mau vang. HR-ESI-MS tim thdy mii
ion gia phan tir m/z 431,1771 [M+Na]"
tinh toan cho C,sH,gOsNa: 431,1828.
Phé 'H-NMR (600 MHz) & ppm c6 mdt
tin hiéu proton kém ndi & 11,99 (1H, s);
mdt cap tin hiéu ¢ 6 7,32 (2H; dd; 9Hz)
va 6,88 (2H; dd; 8,4Hz) dugc quy cho 4
proton cua vong benzene mang hai
nhom thé & vi tri para va cac tin hi¢u
dac trung cia mot nhadnh geranyl tuong
tu nhu AA1. Ph6 13C-NMR (150 MHz)
két hop voi phd DEPT & ppm cho thiy
tong cong 23 tin hiéu bao gdm 10C cia
nhanh geranyl, 13 tin hi€u con lai bao
gém mot carbon ketone & 196,5; bon
carbon vong thom mang oxy tai 0
164,0; 162,3; 159,7 va 155,9; ba tin
hiéu carbon methine vong thom o
127,8; 115,6 va 97,0; mot tin hiu
carbon nhi cfip 0 43,2 va mdt tin hiéu
carbon nhit cip khac & & 78,8. Céc tin
hiéu nay dic trung cho cu truc khung
flavanone. CAu hinh lap thé & vi tri C2
dugc xac dinh théng qua hing sb ghép
H2-H3, tuong tac truc-truc H2-H3p véi
J =10,2 Hz va tuong tac truc-xich dao
H2-H3a vo1 J = 2,4 Hz cho phép xéc
nhan H2 ndm & vi tri truc va cau hinh



tuyét dbi cua C2 1a S [Hinh b]. Vi tri
cua nhém geranyl dugc xéc dinh thong
qua phd HMBC véi tuong quan
H1”—C8. So sénh ddi chiéu véi tai lidu
da cong bd, hop chit AA3 duoc nhan
danh la 8-geranyl-5,7,4-(S)-
trihydroxyflavanone hay (S)-

SophoraflavanoneA [12].
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Geranyl flavonoid 13 din xuét cta cac
flavonoid vé6i geranyl (10C) dong nhiéu
vai tro sinh hoc khic hin véi cac
flavonoid thong thuong. Con dudng
sinh tong hop ctia chung c6 thé chia lam
hai giai doan 14 sinh tong hop flavonoid
va geranyl hoa cac flavonoid dudi su
xic tac cua enzyme  aromatic
prenyltranferase hay PTase [13]. Tién
chit dé tong hop nén hau hét cac
flavonoid la malonyl-CoA 2 va p-
courmaroyl-CoA 1 xudt phat tr qua
trinh chuyén héa cta carbohydrate va tir
con duong chuyén hoa
phenylpropanoid. Qua trinh sinh tong
hop céc geranyl flavonoid AA1-3 dugc
dé nghi nhu [Hinh ] duéi tac dung cia
mdt loat enzyme oxy hdéa — khu, hop
chit AA1 hinh thanh rdi tiép tuc vong
héa htaoinh thanh AA2. Con duong
hinh thanh AA3 ciing tuong tu AAl
nhung khac nhau & chd chalcone 7 trai
qua qud trinh vong hoa hinh thanh
khung flavanone trudc khi két hop cing
GPP 6 dudi tic dung cua chalcone
isomerase [14].

3.2. Két qua hoat tinh khang oxi hoa

Hoat tinh khang oxi hoa in vitro
ctia cac cao chiét 14 sa ké duoc danh gia
bang hai phwong phap DPPH va ABTS.
Trong ca 2 phuong phap [Bang 1] va [

Hinh /], cao ethyl acetate déu thé hién
hoat tinh khang oxi h6a manh nhit véi
I1Cso 79,39 pug/mL trong phuong phap
DPPH va 9,32 ug/mL trong phuong
phap ABTS, manh hon so véi ddi ching
duong Trolox 11,80 pug/mL. Ngoai ra,
cao methanol ciing thé hién hoat tinh
khang oxi hoa voi ICsp 99,77 va 11,62
lan Iwot cho ca 2 phuong phap. Trai lai,
cac cao hexane va nudc cho hoat tinh
khang oxi hoa yéu hodc khong thé hién.



Hoat tinh khang oxi hdéa cua cac cao
chiét trong ca hai phuong phap kha
twong dong theo thir tu: ethyl acetate >
methanol > hexane > nudc. Piéu niy
duoc giai thich 1a do ca DPPH va ABTS
déu 1a nhitng gbc tu do [15] nén co ché
gdy nén hoat tinh khang oxi héa déu la
co ché lam sach gbc tu do. Cao ethyl
acetate co hoat tinh khang oxi hda cao
nhit pht hop véi két qua khao sat thanh
phﬁn hoéa hoc khi xac dinh duoc su hién
dién cua 3 hop chit thudc nhoém geranyl
flavonoid trong d6 khung suon flavonoid
von duoc biét dén la nhiing chét co hoat
tinh khang oxi hdéa manh [16]. Bén canh
do, cac nghién ctru trudc ddy vé thanh
phan hoa hoc cua sa ké ciing cho thdy
cac geranyl- hay prenyl flavonoid déu
thé hién hoat tinh khang oxi héa manh
[17]. Bang 1. Ké qua hoat tinh khang
oxi hoa cuia cac cao chiét 14 sa keé.

X ICso (g/mL)

Cao chiét DPPH ABTS
Methanol 99,77 £3,50 11,62+0,26
Hexane 117,40 £425 47,01 £1,49
Ethyl acetate 79,39 +2.42 9,32 £0,20
Nudce 411,07 £ 14,50 136,58 £ 1,34
Doi chirng
dwong
Vitamin C 439+0,12
Trolox - 11,80 + 0,07

450 41107

400 - ™

330 1 ODPPH

300 BABTS

250 4

g/l 200 4
136,58
150 - 11740

99,717
100 -

50 4
0-

79,39
47,01

11,62 9,32 11,80

4,39

Methanol Hexane Ethyl Nudc Vitamin Trolox
acetate C

Hinh 1. Kha nang khang oxi hoa cua
cdc cao chiét la sa ké
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4. KET LUAN

Tir cao chiét ethyl acetate cua la sa ké da
phan 1ap va xac dinh ciu trac cua 3 hop
chit thudc loai geranyl flavonoid. Con
duong sinh tong hop cua cac hop chit
AA1-3 duoc d& nghi v6i chia khoa la
phan Ung ngung tu gita geranyl
pyrophosphate va flavonoid. Két qua
danh gid hoat tinh khang oxi hoa in vitro
cho thiy ca 2 cao chiét methanol va ethyl
acetate déu cho hiéu qua khang oxi hoa,
trong do cao ethyl acetate c6 hi€u qua
khang oxi hoa tot nhat v&i ICsy 79.3 va
9.32 (ug/mL) so voi chit dbi ching
duong Vitamin C ICsp 4.39 va 11.80
pg/mL tuong tng lan luot véi hai phwong
phéap DPPH va ABTS. Thu ty kha nang
khang oxi hoa cta cac cao chiét lan luot
la ethyl acetate > methanol > hexane >
nudc.

LOI CAM TA

Tac gid xin chan thanh cam on GS.
Kaeko Kamei, GS. Kenji Kanaori, Vién
Cong Nghé Kyoto dd gip d& do phd
NMR va xac dinh céu triic hoa hoc cac
hop chét.
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