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Abstract

The present study reported the isolation and identification of five flavonols named kaempferol, kaempferol 3-
rutinoside, kaempferol 3-neohesperidoside, quercetin-3-O-f-D-glucopyranoside and quercetin 3-rutinoside from the
leaves of Artocarpus tonkinensis A. Chev. ex Gagnep. Their structures were identified by combination of spectroscopic
methods (NMR, HR-ESI-MS) and comparison with reported data. Three flavonol glycosides kaempferol 3-rutinoside,
kaempferol 3-nechesperidoside and quercetin 3-rutinoside were found for the first time in the genus Artocarpus J.R.

Forst. & G. Forst.

Keywords. Artocarpus tonkinensis; astragalin; kaempferol 3-rutinoside; kaempferol 3-nechesperidoside; quercetin

3-rutinoside.
1. MO PAU

Loai Chay bic bo (Artocarpus tonkinensis A.
Cheval. ex Gagnep., thudc chi Artocarpus J.R. Forst.
& G. Forst) moc hoang va dugc trong phd bién ¢
cac tinh mién Bac nudc ta. La va ré céy Chay duoc
thu hai hau nhu quanh ndm dé lam thudc; vo va ré
mau d6 ding dé an trau. Theo kinh nghiém dan gian,
nuée sic 1a chay dung dé chita dau lung va viém
khop dang thip rat t6t [1]. Phan Chic Lam va cong
su da sir dung dich chiét tho cia 14 Chay dé diéu tri
bénh nhuogc co va nghién ctru chdng thai ghép trong
thi nghiém ghép da trén chudt thuc nghiém cho két
qua kha kha quan [2, 3]. Nghién ctru trude day cua
chung t6i cho thay thanh phan hoa hoc cua vo cy la
cac hop chét triterpenoid, oxyresveratrol, catechin va
artotonkin [4], trong khi thanh phan chu yéu tir ré
Chay thu & Trung Qudc 1a cac hop chét isoprenyl
flavonoid nhu artotonins A va B [5]. Trong cac bai
bao trudc, chling tdi da cong bd viée phan 1ap va xac
dinh cdu trac cia maesopsin  4-O-p-D-
glucopyranosid (hovetrichosid C), alphitonin 4-O-g-
D-glucopyranosid, kaempferol 3-O-glucopyranosid
(astragalin), artonkin-4’-O-4-D-glucopyranosid,
benzyl-O-p4-D-glucopyranosid va catechin [1, 6, 7].
Theo két qua nghién ciru cta ching ti va tra ciru tai

lidu cho thiy, cac hop chit flavonoid tir 14 chay déu
¢6 hoat tinh sinh hoc t6t [1, 6, 7], vi vay bai bao nay
thong bao viéc phan lap va xac dinh cdu trac cua 5
flavonol la kaempferol (1), kaempferol 3-rutinosid
(2), kaempferol 3-nechesperidoside (3), quercetin 3-
O-p-D-glucopyranoside (4) va quercetin 3-rutinosid
(5). Céu trac cia ching dugc xac dinh bang su két
hop cac phuong phap phé (NMR, HR ESI MS) va so
sanh véi tai liéu phd da cong bd.

2. THUC NGHIEM
2.1. Nguyén li€éu thuc vat

Mau Chay bic bd thu tai Chua Tam Trinh,
Phuong Bach Mai, Quan Hai Ba Trung, Ha Noi
(10/2013). Tén khoa hoc Artocarpus tonkinensis A.
Chev. ex Gagnep. do Th.S. Nguyén Thé Anh xac
dinh, tiéu ban s6 AT2013-VHH) duoc luu giit tai
Vién Hod hoc, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam (VAST).

2.3. Phan lap cac hop chit

Mau thu vé dugc tach riéng 14 va canh, loai bo 1a
vang ua, phoi kho tu nhién va xay nho. 12 kg bot 1a
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Chay dugc chiét bang con 70 % (EtOH/H,0, 70:30,
v/v, x3 1an), & nhiét d6 50-60 °C. Loc dich chiét va
cat quay loai EtOH dudi ap sudt giam thu dugc cao
chiét EtOH-H,0 dang sén sét. Thém nudc vao cao
ndy va chiét phan 16p bang hexan, etyl axetat va
n-BuOH thu duoc 138, 240 va 525g cin chiét, twong
tmg. Can chiét n-BuOH (105g) duoc hoa tan trong
nude cat, dua 1én cot DIAION HP-20, giai hap lan
luot bang hdn hgp MeOH-H,0 (ti 18 1:9 va 1:1, v/v),
cho 2 phan doan chinh (Frl, Fr2). Phan doan Fr2
(74g) duoc sic ky trén cot Sephadex LH-20, dung
moi ria giai MeOH, thu dwoc 5 tiéu phan doan
(Fr2.1—Fr2.5). Phan doan Fr2.2 (34 g) dugc lam
sach lai trén cot silicagel, dung mdi CHCIl;-MeOH-
H,O (40:10:1+70:30:2+65:35:5) cho 5 phan doan
nho (Fr2.2.1—»Fr2.2.5). Phin doan Fr2.2.1 dugc
phéan tach trén cot silicagel (CH,Cl,-MeOH, 85:15)
thu dugc chit 1 (65 mg). Phan doan Fr2.2.2 (10 g)
dugc phan tach trén cot silicagel (CH,Cl,-MeOH,
85:15) va sac ky cot 1ap lai 2 lan trén cot RP-18,
dung m6éi MeOH-H,0O (40:60) thu dugc phan doan
gdm hdn hop hai chét 2 + 3 (98 mg). Chat 4 (28 mg)
va 5 (10 mg) dugc phan lap tir phan doan Fr2.2.5 va
lam sach bang sic ky cot RP-18, dung mdi MeOH-
H,O (50:50) va sephadex LH-20 (MeOH).
Kaempferol (1): Bot vang nhat, hap thu tr ngoai
UV. Pho khbi ESI-MS (positive ions, m/z): 287

2:R;=H

3: R;=a-rhamnosyl R,=H

Trinh Thi Thuy va cong su

[M +H]*; Ph6 'H- va ®*C-NMR (bang 1 va 2).

Kaempferol 3-rutinosid (2, kaempferol 3-O-[a-
L-rhamnopyranosyl-(1—6)--D-glucopyranoside]),
va kaempferol 3-neohesperidoside (3, kaempferol
3-O-[a-L-rhamnopyranosyl-(1—2)-5-D-
glucopyranoside]): bot vang nhat, hip thu tir ngoai
UV. HPLC, thoi gian luu Rt: 15,29 phat (HPLC-
Waters Alliance 2695, My; Detector: PDA-3D; cét:
RP-C18, 250%4,6 mm, ¢& hat 5 um; dung moi:
MeOH-H,0 (75:25, v/v); Tdc d6 dong: 1 ml/phut;
thoi gian chay 60 phut). HR-ESI-MS, ion duong: m/z
617,1478 [M+Na]", (tinh toan cho CyH30;:sNa la
617,1477), ion &m m/z 593,1484 [M-H], tinh toan
cho Cy7Hp015 12 593,1506). Phd 'H- va *C-NMR
(bang 1 va 2).

Quercetin  3-O-p-D-glucopyranosid  (4): Ph
khéi ESI-MS (positive ions, m/z): 465 [M+H]*, 303
[M-Glc+H]"; HR-ESI-MS (ion duong), m/z:
487,0847[M+Na]” (tinh toan cho C,H,0,,Na la
487,0852). HR-ESI-MS (ion am), m/z 463,0863 [M-
H] (tinh toén cho C,H1401, 13 463,0877). Phd 'H-
va ®C-NMR (bang 1 va 2).

Quercetin  3-rutinosid  (quercetin = 3-O-[a-L-
rhamnopyranosyl-(1—6)-4-D-glucopyranoside], 5):
Phé khéi ESI-MS (positive ions, m/z): 633 [M+Na]".
Phé 'H- va *C-NMR (bang 1 va 2).

OH OH
4 R=H
5 R= g-rthamnosyl

R,= a-rhamnosyl

Hinh 1: Céu trac cta cac flavonol 1-5 tach tir 1a Chay bac bo (A. tonkinensis)

3. KET QUA VA THAO LUAN

Biang sic ky cot lap lai nhiéu 1in, v6i cac hé
dung mdi thich hop, da phan lap dugc thém 5 chét 1-
5 tir cn chiét BuOH, ngoai cac chit di phan lap
truge ddy [1, 5]. Chat 1-5 déu hap thy anh sang dudi
deén tor ngoai UV (254 nm) va hién mau vang khi
phun thudc thir vanilin/H,SO,, goi ¥ cho biét chiing
déu 1a cac hop chét flavonoid.

Phé khbi ESI-MS (ion duong) cua 1 ¢6 pic ion &
m/z 287 [M+H]", két hop véi dit liéu phd ‘H-NMR
va DEPT, xac dinh duogc cong thirc phan tir ciia chat
nay 1a Ci5H100g. Phd *C-NMR va DEPT cua chat 1
cho tin hi¢u cta 15 nguyén tir C trong dé c6 6 nhom
CH, 9 cacbon bac 4 (c6 1 nhém C=0 ¢ &177,3).
Ph6 'H-NMR c6 cip doublet ctia 4 proton thom cé
hé tuwong tac spin AA’-XX’ ¢ o4 = 8,08 (H-2’ va H-
6’) va & = 6,91 (H-3" va H-5") cho thay vong B ¢6
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nhém thé & C-4’. Hai doublet & & 6,23 (H-6) va &,
6,42 (H-8) c6 cung hang sb tuong tac (J = 2 Hz)
chimg t6 vong A c6 hai nhom thé & vi tri meta voi
nhau. Tt dit liéu phd phén tich & trén va so sanh véi
sO lidu phd ciia kaempferol cho thdy phd cua ching
hoan toan phu hop ¢ ting vi tri twong ung [7, 12].
Kaempferol co nhiéu trong thuc vat va c6 tac dung
{rc ché ting sinh té bao, khang khuan va chdng oxi
hoa tot [8, 9]. Dan xuat mono glucosid ciia n6 la
kaempferol 3-O--D-glucopyranosid (astragalin), c6
hoat tinh khang ung thu va khang viém, da duogc
ching t6i tim thay trong 14 chay [10].

Chat 2 va 3 cho mot vét khi phan tich bing sic
ky 16p mong (TLC) v6i nhiéu hé dung moi khac
nhau, khong thé phén 1ap timg chit sach bang sic ky
cot 1ap lai nhiéu lan va sic ky léng hiéu ning cao
(HPLC, xem phan thuc nghiém). Phé HR-ESI-MS
(ion dwong) cua hdn hop chat 2 va 3 cho pic ion gia
phan tir tai m/z 617,1476 [M+Na]" (tinh toan cho
CyH3015Na 1a 617,1477) va pho HR-ESI-MS (ion
am) cho pic m/z 593,1484 [M-H] (tinh toan cho
Cz7H26015 12 593,1506). Nhu vdy hai chit nay c6
cung cong thire phan tir 14 CyHge0:s. Phd 'H- va
BC-NMR xuét hién timg cdp tin hiéu c6 hing sb
tuong tac va do chuyén dich hoa hoc kha giéng nhau

Kaempferol, quercetin va dan xuat...

nhung c6 cuong dd khac nhau (ty 1& chat 2:3 =
53:47), dugc xac dinh qua dudng tich phan & phd *H
NMR. Cip doublet (dd) c6 hing sé tuwong tic hé
AA'BB' véi cuong do tin hidu gap doi xuét hién tai
Oy 8,12 va 6,90 (mdi tin hiéu 4H, dd, J = 2,2 va 8,5
Hz, H-2'/ H-6' va H-3/H-5', twong tmg), cho biét
vong B ¢6 nhém OH & C-4°. Hai doublet c6 hang sb
tuong tac meta J = 2,2 Hz tai Jy 6,22/6,23 (d, H-6)
va 6,41/6,42 (d, H-8), cho thay vong A ¢6 nhém OH
& C-5 va C-7. So sanh phd NMR cua chit 2+3 voi 1
cho thdy ngoai trir ¢o su khac biét dang ké ¢ C-3,
cac tin hiéu con lai kha phu hop, cho phép khang
dinh nhan aglycon la kaempferol va chiung chi khac
nhau & phan duong. Piéu nay dugc khang dinh thém
qua pic ion phan tir ctia nhan aglycon tai m/z 286 &
phé khéi EI-MS. Phd khéi HR-ESI-MS (ion duong)
c6 peak ion phan manh & m/z 487,0847 [M+Na-
130]" ([M-Rham+Na]*, tinh toan cho C,;H,,0,,Na la
487,0852) va phit hop v6i phan manh & phd khéi ion
am (m/z 463,0863[M-Rham-H], tinh toan cho
C,H,,0,, la 463,0877) va m/z 447,0915 [M-Rham-
H] (tinh todn cho C,;H,,0,, 1a 447,0927). Tin hiéu
cua proton anomeric (H-1") la doublet (J = 7,5 Hz),
trong khi H-1" 1a singlet cho phép xac dinh duogc
hai duong la f-glucopyranose va a-rhamnopyranose.

Bdng I: S6 liéu phd *H-NMR cua chit 1-5 (500 MHz, CD;0D, dppm, J Hz)

Vi tri 1 2" 3 4 Z >
O S
H-6 6,19d(20) | 622d(2,2) | 6,23d(2,2) | 6,22d(22) | 621d(20) | 622d(22)
H-8 640d(20) | 641d(2,2) | 642d(22) | 640d(22 | 640d(20) | 642d(22)
H-2’ 8’09;‘;)(2’0; 8’1280";)(2'2; 7.66d(2,1) | 7.73d(25) | 7.66d(21) | 7.64d(22)
| 691dd(24; |690dd (22
H-3 89) 85) 6,88 d (8,5)
H-5° 6’91;;')(2’4; 6’908012)(2’2; 6,88d (8.5) | 6,89d(85) | 687d(85) | 684d(84)
.| 809dd(20; | 812dd (2.2 7.60dd (85, | 7,62dd (8,5, | 7,60 dd (8,4,
H-6 8,9) 8,5) 766d(21) 2,2) 2,1) 2.2)
G'TZ,H' - 514d(7,5) | 526d(7,5) | 526d(7,5) | 510d(7,7) | 506d(7,5)
qu‘ﬂ*' i 454brs | 454brs 451brs 4,54 brs
RZ?:!*' - 1,15d (6,2) | 1,20d (6,2) 1,21d(6,2) | 1,20d(6,2)

“Tin hiéu c6 cudng d6 16n hon; ~ Tin hiéu c6 cudng d6 nhé hon; 8" cua quercetin 3-rutinosid [11].

Tuwong tiac cua proton anomer H-1"" voi C-3
trong phd HMBC cho thiy duong glucose cua ca
chat 2 va 3 déu gin véi C-3. So sénh tin hiéu cia 2
va 3 trong phé *C NMR ta thay chi co tin hiéu cua

C-6" khac nhau rd rét (chat 2 8¢ 67,45, chit 3 §¢
62,65, C-6"", Adc~ 3,8 ppm), cac tin hi¢u con lai kha
phit hop (bang 2). Phdé HMBC cho tuong tic giita
C-6" (8¢ 67,45) v6i H-1" (8 5,06) & chat 3, trong
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khi & chét 2 (8¢ 62,65, C-6") khong thay c6 twong téc
nay, goi y cho thay chat 3 ¢c6 duong rhamnose gin
v6i C-6>. Tir dir kién phd MS, két hop véi phd H-,
BC-NMR, HSQC, HMBC va so sanh véi s6 liéu da
cong bd (bang 1 va 2) [11], céu tric cua chat 2 duoc
xac dinh la kaempferol 3-O-[a-L-rhamnopyranosyl-

Kaempferol, quercetin va dan xuat...

rutinoside) va chat 3 la kaempferol 3-O-[L-
rhamnopyranosyl-(1—2)-4-D-glucopyranoside

(kaempferol 3-neohesperidoside). Hai chit nay
thuong duoc tim thay trong thuc vat va gan day
ching cung dugc phan lap tur loai Clitoria ternatea
[11], nhung day 1a 1an dau ching duoc xac dinh c6

(1—6)-p-D-glucopyranoside

(kaempferol

3-

trong chi Artocarpus [13].

Bdng 2: S6 liéu phd *C-NMR ciia chét 1-5% va chit tham khao (125 MHz, CD;0D, 5ppm)

C 1 2+3 4 5
Sca,b Sca 800 Sca*’ 2 SCa,d 5(;&**, 3 5(; a,e Sca Sca'f Sca

2 148,5 | 147,99 | 161,49 | 161,47 | 161,29 | 161,57 | 1585 | 159,03 | 158,52 | 158,46
3 135,4 | 137,06 | 13551 | 13553 | 134,44 | 13565 | 135,63 | 13563 | 13562 | 1356
4 177,4 | 177,27 | 179,43 | 179,42 | 179,39 | 179,42 | 1795 | 179,48 | 179,44 | 179,42
5 1615 | 162,40 | 163,01 | 162,97 | 163,20 | 163,02 | 163,0 | 163,03 | 163,98 | 163,02
6 99,25 [ 99,25 [99,96 [99,99 [99,69 |[9991 99,9 99,95 [9995 |9991
7 166,1 | 165,48 | 166,02 | 165,99 | 165,62 | 165,99 | 166,0 | 166,15 | 166,01 | 166,03
8 94,8 |94,48 94,91 [94,93 |9456 |94,73 94,7 94,76 | 94,87 | 94,73
9 159,0 | 158,18 | 158,56 | 158,54 | 158,43 | 158,46 | 159,0 | 158,48 | 159,35 | 159,38
10 | 104,3 | 104,52 | 105,68 | 105,54 | 105,99 | 105,68 | 104,4 | 104,38 | 105,66 | 105,68
1 1227 | 123,70 | 122,76 | 122,77 | 123,14 | 122,66 |123,2 | 123,20 | 123,15 | 123,09
2' 132,2 | 130,65 | 132,37 | 132,45 | 132,09 | 132,37 |116,0 | 116,01 | 117,69 | 117,60
3 117,2 | 116,27 | 116,13 | 116,13 | 116,09 | 117,60 | 146,0 | 14590 | 145,84 | 146,0
4' 158,4 | 158,18 | 159,44 | 159,42 | 158,52 | 159,38 | 149,8 | 149,85 | 149,81 | 1498
5' 117,2 | 116,27 | 116,13 | 116,13 | 116,09 | 117,60 | 117,5 | 117,58 | 116,06 | 116,02
6' 132,2 | 130,65 | 132,37 | 132,45 | 132,09 | 132,37 |123,0 | 123,08 | 123,55 | 123,09
Gluc

1" |- - 104,58 | 104,38 | 100,30 | 99,99 105,7 | 105,66 | 104,69 | 104,61
2" |- - 75,76 | 75,76 |80,06 | 75,7 75,73 | 7574 | 75,73
3" |- - 78,15 | 78,36 |7894 |78,15 78,1 78,12 |7820 | 78,15
4" |- - 7146 | 7146 |7185 |71,23 71,2 7123 [ 7142 |71.23
5 |- - 7722 | 7721 |7835 |78,36 784 7837 |7725 |77.21
6" |- - 68,57 | 6745 |62,66 |62,65 65,57 | 6557 | 68,56 | 68,58
Rham

1" |- - 102,42 | 102,42 |102,60 |101,92 |- - 102,42 | 101,92
" |- - 72,09 [7208 |[7241 |7231 - - 72,12 [ 72,31
3" |- - 7230 |7232 |7231 |73,00 - - 72,26 | 73,00
4| - - 73,80 | 7391 |7406 7388 - - 73,94 | 73,89
5" |- - 67,73 | 69,72 |6991 |69,72 - - 69,71 | 69,72
6" |- - 1791 [1795 |1753 |17,90 - - 17,87 | 17,95

*Po trong do trong CD;0D, 125 MHz; 8c*° Sbliéu phd cua kaempferol, 100 MHz [12], 8¢° ciia kaempferol 3-rutinosid
[11]; 8c° ciia kaempferol 3-neohespreidoside [11]; 8¢ cua quercetin 3-glucosid; ¢ cua quercetin 3-rutinosid [11]; *Tin

hi€u c6 cuong do 16n hon; Tin hi¢u c6 cudng ¢ nhd hon,

Ph6 kh6i HR-ESI-MS (ion duong) cua chat 4
cho pic ion gia phan tir tai m/z 487,0847[M+Na]*
(tinh to&n cho C,,H,,0,,Na la 487,0852) va phd ion
am cho pic ion tai m/z 463,0863 [M-H] (tinh toan
cho C21H19012 la 463,0877), nhu Vﬁy c()ng thac
phan tr cua 4 1a C,;H,,0,,. So sanh phd 'H-NMR
cia 4 v6i 1 ta thiy phia truong thap khong cé tin

““Tin hiéu bi chdng lap.

hiéu cua H-3’ ma thay vao do la tin hi¢u cta 3
proton cé tuong tac spin hé ABX ¢ 67,60 (dd, J =
2,2; 8,5 Hz, H-6), 66,87 (d, J = 8,5 Hz, H-5) va
7,66 (d, J = 2,1 Hz, H-2") cho biét vong B c6 nhom
thé & C-3' va C-4". Hai proton & vi tri meta véi nhau
dugc thdy o qua 2 tin hidu & 646,22 va 6,40 (d, J =
2,2 Hz, H-6 va H-8). Nhu vy, céu tric cua aglycon
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dugec dy kién 1a 3'4'5,7-tetrahydroxyflavonol
(quercetin). Ngoai cac tin hiéu cua quercetin, phd
NMR cutia 4 con c6 tin hi¢u cua duong glucose & oy
3,3-3,8 ppm, 8¢ 65-75 (C-2"-C-6") va ¢ 105,7 (C-
1””). Tin hiéu ¢ 64 5,26 (d, J = 7,5 Hz, H-1”) va tin
hiéu cia C-3 chuyén vé phia truong thip hon
(6c179,48), so voi quercetin (8¢ 177,35, Adc =
2,13ppm), khing dinh dugc dudng S- glucose gin
v6i C-3. Qua phén tich phd va so sanh véi sb lidu
phé cua quercetin 3-O-f-D-glucopyranoside ta thiy
hoan toan phu hop & ting vi tri tuong tng va ciu
trac cua 4 chinh & quercetin 3-O-5-D-
glucopyranoside [11].

So sénh phd *H- va *C-NMR cuia 5 voi 4 ta thiy
nhan aglycon hoan toan phu hop véi quercetin,
nhung gbc dudng ngoai tin hiéu cua duong S-
glucopyranoside con cé thém tin hiéu dédc trung cia
duong rhamnose & &y 4,54 (br s, H-1""")/6.101,92
(C-1") va dy 1,20 (d, J = 6,2 Hz, H-6""/5.17,95, C-
6"). Tin hiéu cua C-6" & chat 5 (8¢ 68,56) chuyén
vé phia truong thip hon so véi quercetin-fB-D-
glucopyranoside (6¢65,57, Adc = 3,01 ppm), goi v
cho thay C-6" gin véi C-1"" qua nguyén tir oxy va
gdc duong cua 5 14 rutinoside. S liéu phd ctia 5 phu
hop vdi  quercetin - 3-O-[a-L-rhamnopyranosyl-
(1—6)-4-D-glucopyranoside] (quercetin 3-
rutinoside) ¢ tirng vi tri tuong tmg (bang 1 va 2) va
chit nay chinh 1a quercetin 3-rutinoside [11, 12].

Céc hop chét flavonoid diglycosid duoc phan lap
tir 14 chay déu c6 hoat tinh sinh hoc nhu chdng oxy
hoa, hoat tinh chéng viém va co kha niang khang ung
thu va rc ché mién dich t6t [13]. Hai chat auronol
glucosid va céc flavonol 3-O-diglycosides déu tan
tbt trong nudc, tao co sé khoa hoc giai thich viéc str
dung nudc sic cua la cdy dé chira bénh trong y hoc
co truyén.

4. KET LUAN

Tur 14 chay bic bd (Artocarpus tonkinensis A.
Chev. ex Gagnep.) da phén lap dugc ndm chét 1-5
ngoai cac chat da phén 13p dugc trude day [1] Chat
1-5 déu 1a cac hop chat flavon-3-ol co nhiéu trong
cac ho thuc vat khac nhau va c6 hoat tinh sinh hoc
tht vi [8, 9], nhung theo ching chung t6i dugc biét,
day 1a lan dau tién 3 chit flavonol 3-O-diglycosid la
kaempferol  3-rutinoside (2), kaempferol 3-
neohesperidoside (3) va quercetin 3-rutinoside (5)
duogc phat hién tir chi Artocarpus J. R. Forst. & G.
Forst. [14, 15]. Két qua nghién ctru nay cho thiy
thanh phan héa hoc ciia 14 chay c6 su khac nhau
dang ké so v6i thanh phan ctia vo than va ré cia loai
nay [4, 5].

Trinh Thi Thuy va cong su

Loi cam on. Cong trinh nay dwoc hoan thanh voi sy
tai tro kinh phi cua nhiém vu Hop tdac Quéc té Viét
Nam-Italy (MS.1/39/2013/NDT) va mét phan tir Bo
Ngoai giao Y (Italian Ministero degli Esteri and
AIRC; Tdc gia xin chan thanh cam on ThS. Ddng
Vii Lwong dd do phé NMR, ThS. Nguyén Thé Anh dd
xdc dinh mau thuc vdt.
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