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i
LOI CAM DOAN
To61 xin cam doan:

Day la cong trinh vé nhitng nghién ctru cua riéng to61 dudi sw hudng dan cua

PGS. TS. Lé Thi Phuong Quynh va PGS. TS. Nguyén Tién Dat.

Luén an c6 str dung mot ) thong tin trich dan tir nhiéu nguén tham khao khac
nhau va céc thong tin trich din d6 dugc ghi rd ngudn goc. Cac két qua nghién ciu
ctia t0i dugc cong bd chung voi cac tac gia khac di dugc sy nhit tri ciia dong tac gia
khi dua vao luin an. Cac sb liéu, két qua mdi dugc dua vao luan an la trung thuc
khach quan va chwa duoc cong b trong bat ky mot cong trinh nao khac ngoai cac
cong trinh cong bd cia tac gid. Luan an dugc thuc hién va hoan thanh trong thoi gian
to61 lam nghién ctru sinh tai Hoc vién Khoa hoc va Céng nghé - Vién Han 1am Khoa

hoc va Cong nghé¢ Viét Nam.

Ha Néi, ngay thang nam 2025

Tac gia luan an

Nguyén Vin Phuong



il

LOI CAM ON
Ludn an “Nghién ciru thanh phdn héa hoc va danh gia khd ndng trc ché sinh
trucng vi khudn lam Microcystis aeruginosa cua ciic hoa vang (Chrysanthemum
indicum) va keo tai twong (Acacia mangium)” dwoc thuc hién tai Hoc vién Khoa hoc
va Cong nghé - Vién Han lam Khoa hoc va Cong nghé Viét Nam. Toi xin tran trong
cam on Hoc vién Khoa hoc va Cong nghé da giup do toi trong qud trinh hoc tdp va

thwe hién lugn an nay.

Téi xin trdn trong cam on Ban lanh dao cing toan thé cdn b cia Trung tam
Nghién ciru va Phdt trién cong nghé cao (CHTD) dd quan tam givip dé t6i, tao moi

diéu kién cho toi hoc tdp va nghién curu.

T6i xin tran trong cam on PGS. TS. Lé Thi Phirong Quynh va PGS. TS. Nguyén

Tién Pat da tan tinh hwong dan t6i hoan thanh ludn én nay.

Toi xin trdan trong cam on cac quy co quan, doan thé cac trung tam, vién nghién

citu chuyén nganh da givip 6, ho tro téi thue hién ludn dn.

Dac biét toi xin chan thanh cam on toi gia dinh, ban be da luon quan tam, giup

do, khich 1é t6i trong sudt thoi gian hoc tap va nghién ciru.
Xin tran trong cam on!

Tac gia

Nguyén Vin Phuong
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Tén ciia cac hop chat dwoe sir dung nguyén goc theo tiéng Anh




MO DAU

Sy bung phat cua vi khuan lam, dic biét 1a Microcystis aeruginosa, da tro thanh
mot van dé nghiém trong ddi voi moi truong nude ngot trén toan thé gidi. Su phat
trién qua murc ciia vi khuan lam khong chi anh huong dén hé sinh thai nudc ma con
de doa dén strc khoe con ngudi do kha ning san sinh doc té cyanotoxin. Viéc kiém
soat sy phat trién ctia Microcystis aeruginosa hién nay chii yéu dira vao cac bién phap
hoa hoc, vat Iy va sinh hoc. Tuy nhién, cac phuong phap nay déu cé nhing han ché
nhat dinh nhu gy 6 nhiém thir cip, chi phi cao hodc khéng bén viing trong thoi gian
dai. Do d6, viéc tim kiém céc hop chat tu nhién c6 kha nang trc ché vi khuan lam ma
than thién v41 moi truong dang la hudng nghién ctiru duge quan tam.

Trong s6 cac ngudn thuc vat c¢é tiém nang, hoa cic (Chrysanthemum indicum)
va cay keo tai tuong (Acacia mangium) dugc biét dén voi thanh phan hoa hoc da
dang, dic biét 1a cac hop chat polyphenol, flavonoid, alkaloid va terpenoid, v4i nhiéu
hoat tinh sinh hoc dang chu y. Nhiéu nghién ctru trude day di chimg minh rang cac
hop chét tir thuc vat ¢ thé e ché su phat trién cta vi khuan lam thong qua nhiéu co
ché khac nhau, bao gom pha v& mang té bao, trc ché qua trinh quang hop va 1am gian
doan chu trinh sinh truéng cta chung. Tuy nhién, van chwa c6 nhiéu nghién ctru chi
tiét vé thanh phan hoa hoc ciing nhu kha nang tc ché Microcystis aeruginosa cia hai
loai thuc vat nay.

Xuét phat tir thue tién trén, ludn 4n tién si "Nghién ciu thanh phan héa hoc
va danh gia kha ning &c ché sinh trwéng vi khuin lam Microcystis aeruginosa
cua cuc hoa vang (Chrysanthemum indicum) va Keo tai twong (Acacia mangium)"
duoc thue hién nham xac dinh céc hop chét c6 hoat tinh sinh hoc va danh gia hiéu
qua trc ché cua ching d6i véi vi khuan lam. Két qua ca luan an khong chi déng gop
vao kho tang tri thuc vé thanh phén hoa hoc cua hai loai thyc vat ndy ma con mé ra
tiém ning tmg dung cac hop chét tu nhién trong kiém sot 6 nhiém vi khuan lam theo
huéng bén vitng va than thién vi moi truong.

Muc tiéu cia luan an

Lu4n 4n nham phan l4p, x4c dinh thanh phan hoa hoc cua cac hop chét trong

dich chiét tir hoa ctc vang (Chrysanthemum indicum) va keo tai tuong (Acacia

mangium), ddng thoi danh gia kha niang tre ché sinh trudng vi khuan lam Microcystis



aeruginosa cua cac hop chat va dich chiét tir hai loai cdy nay, gop phan dé xuat
phuong phap kiém soat vi khuan lam theo hudng bén viing va than thién véi méi
truong.
Noi dung chinh ciia luan an
1. Nghién ctru thanh phan hoa hoc ciia hoa ctc vang (Chrysanthemum indicum)
va la keo tai twong (Acacia mangium).

2. Dénh gia hoat tinh e ché Microcystis aeruginosa cta cac cao chiét, cac hop
chat duoc phan lap va hdn hop tir cao chiét cuc hoa vang (Chrysanthemum

indicum) va keo tai tuong (Acacia mangium)



CHUONG 1. TONG QUAN

1.1. Giéi thiéu vé loai ciic hoa vang (Chrysanthemum indicum)
1.1.1. Phan logi, hinh thdi va phéan b6

Cuic hoa vang (Chrysanthemum indicum L.) thudc ho Cuc (Asteraceae). Day la
mot loai cay than thao sdng 14u nim, c6 chiéu cao dao dong tir 0,25 dén 1 m. Cay co
than moc dtng hoic bo lan, phan nhanh, phi 16ng thua. La moc so le, hinh bau duc
hodc hinh mac, c¢6 rang cua va phu 16p 16ng méng. Hoa c6 mau vang, moc thanh cum
dang dau, vdi cac 14 bac xép thanh nhiéu 16p bao quanh. Qua thudc loai bé, kich thudc
nho [1].

Loai nay phan bd rong rai & chau A, dic biét 1a Trung Qudc, Nhat Ban, Han
Qubc, Viét Nam va An Da. Cay thuong moc & cac bai cd, suon ddi, ven song, rudng,
noi dat am hodc min ven bién, & do cao tir 100-2900 m [1].

1.1.2. Thanh phin héa hoc ciia loai Chrysanthemum indicum

Hon 100 hop chat ty nhién da duoc phan lap tir lodi ciuc hoa vang
Chrysanthemum indicum [2]. Cac nhom hop chat phd bién bao gom flavonoid,
terpenoid, phenylpropanoid va phenolic acid, polyacetylene, va mot s6 nhom hop
chat khac.
1.1.2.1. Céc hop chit flavonoid

Flavonoid 14 thanh phan chuyén hoa thir cap dic trung cia loai C. indicum.
Chiing dong vai trd quan trong trong bao vé C. indicum khoi tia UV va hd tro qua
trinh thu phan nho tao ra mau sic ruc rd ciia hoa. Mot sé hop chat flavonoid dugc
phan 1ap tur loai C. indicum dugc trinh bay trong bang dudi day.

Bang 1.1. Mt sé hop chat flavonoid tir loai C. indicum

STT Hop chit Hoat tinh sinh hoc | B¢ phan | TLTK
Khang viém, chong
. ung thu, chong oxy
1 Acacetin hoa, Chéng s&t rét, Hoa [3, 4]
gay doc t€ bao
2 | Acacetin-7-O--D-glucopyranoside | Chong oxy hoa Hoa [5]
3 | Acacetin-7-O-Rutinoside Hoa [6]
4 Acacet1n-7-OT(6 -O-acetyl)-f-D- Hoa [6]
glucopyranoside
5 Acacet1n-7-0—ﬁ-D- Hoa [6]
galactopyranoside
6 Acacinin-7-O-a-rhamnoglycosyl Ca [6, 7]
(1—>6)-4-D-glucoside Y
Acacetin-7-O-(6"-a-L-rhamnosyl)- A
/ sophoroside Cay 5]




Acacinin-7-0O-a-rhamnosel

8 | (1—6)-[2-O-acetyl-S-D- Cay [7]
glucosyl(1—2)-4 -D-glucoside
Khang viém, chong
9 | Apigenin ung thu, hoat tinh Hoa (8]
estr,ogen
10 | Apigenin-7-O-glucoside lfgong ung thu rudt Hoa 8]
11 | Apigenin-7-O-rutinoside Hoa [8]
12 | Diosmetin Hoa [8]
13 | Diosmetin-7-O-glucoside Hoa [8]
14 | Diosmetin-7-O-glucuronide Hoa [8]
Chéng ung thu da
15 | Eupatilin day, bach cau, chéng | Hoa [8]
di ing, khang viém
Chéqg oxy hoa, bao .
. v¢ than kinh, khang | Phan trén 4
16| (25)-Hesperetin viém, trc ché mat dat .
cholesterol
17 (25)-Hesperetin-7-0—ﬁ-D- Hoa (4]
glucuronide
Chédng oxy hoa,
khéang viém, bao vé
phoi, chong loang
. xuong, uc ché
18 | Linarin acetylgcholinesterase, Hoa [9-12]
an than, ha sot,
chbng tang huyét ap,
khang khuan
Chdng ung thur,
. khang viém, hoat
19| Luteolin tinh égstrogen, chdng Hoa [6]
oxy hoa
Khang viém, hen [6]
20 | Luteolin-7-O-glucoside suyén, tc ché Hoa
xanthine oxidase
21 | Luteolin-7-O-glucuronide Khang viém Hoa [6]
2 Luteolin-7-O-.(6"-O-acetyl)- Hoa [6]
glucopyranoside
Khéang ung thu, 13
23 | Tricin viém, khang Hoa ’
. ! 14]
leishmania
4 5,3",4'-Trihydroxy-6,7-dimethoxy Hoa (5]
flavone
25 | 5,4'-Dihydroxy-7-methoxy flavone Hoa [5]
26 | 5-Hydroxy-4',7-methoxy flavone Hoa [5]
27 5,'6,7-Trihydroxy-3’,4',5’- Hoa [5]
trimethoxy flavone
73 5,7,3',4'-Tetrahydroxy-6,5'- Hoa [5]

dimethoxy flavone




5-Hydroxy-7,8,3',4'-tetramethoxy

[5]

29 Hoa
flavone
Chong oxy hoa,
30 | Kaempferol khang viém, chong Hoa [6]
ung thu
Kaempferol-7-O-f-D-
31 glucosyl(1—6)-L-rhamnoside Hoa L]
Khang viém, chong
oxy hoa, dicu hoa
: mién dich, chéng [13,
32 | Quercetin ung thu bach cﬁu, Hoa 14]
tiéu dubqg, béo phi,
tang huy¢t ap
33 | Quercetin 7-0O-f-D-glucoside Hoa [15]
34 Quercetin 3,7-di-O-4-D- Hoa [16]
glucopyranoside
Cai thién chuyén hoa
. lipid va glucose, c | Phan trén
35 | Sudachitin ché tao xuong, khang | mat dat L16]
viém
36 | Isoquercitrin B.alo Ve gan, kha,n & Hoa [16]
viém, chong di ung
37 | Isorhamnetin Khang viém Hoa [16]
38 | Isorhamnetin-3-O-f-D-glucoside Hoa [11433’
Chédng oxy hoa, [15]
39 | Eriodictyol khang ung thu, bao Hoa
Ve tim
40 | Eriodictyol-7-O-f-D-glucuronide Chong oxy hoa Hoa [15]
5,7,3',5'-tetrahydroxyflavanone-7- £ , [13,
4 O-f-D-glucopyranoside Chong oxy hoa Hoa 14]
1 (2S5)-Eriodictyol-7-O--D- Hoa [15]

glucoside
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Hinh 1.1. Céu tric cac hop chat flavonoid tir C.indicum

Rs
39-42
RS RT7
H H
H GluC-0
OH Gle-O
H Gle-O

Céc nghién ctru vé loai C. indicum da xac dinh dugc nhiéu hgp chat flavonoid

v6i hoat tinh sinh hoc da dang, chi yéu tap trung & bo phan hoa va mot s6 & phan trén

mit dat cia cay (Bang 1.1). Cac flavonoid dédng chu y gdm acacetin , apigenin (9),

diosmetin (12), eupatilin (15), linarin (18), luteolin (19), kaempferol (30), quercetin
(32), sudachitin (35) va eriodictyol (39). Nhiing flavonoid ndy thé hién cac hoat tinh

quan trong nhu khang viém, chéng ung thu, chong oxy hoéa, bao vé than kinh, diéu

hoa mién dich, cai thién chuyén hoa lipid va glucose, chong di ung, bao v¢ gan va

tim mach. Trong d6, acacetin dugc bao cdo véi cac hoat tinh ndi bat gom khang

viém, chdng ung thu, chdng oxy hoa, chong sbt rét va giy doc té bao [3, 4]. Linarin

la flavonoid ndi bat khac voi pho hoat dong rat rong, bao gém an than, bao vé phoi,

chdng lodng xuong, ha sbt, ha huyét ap, khang viém va khang khuan [9-12]. Cac din



xuit glycoside nhu apigenin-7-O-glucoside (10) thé hién hoat tinh chéng ung thu rudt
két [30]; luteolin-7-O-glucoside (20) c6 kha ning khang viém, giam hen suy@én va tc
ché enzyme xanthine oxidase [8]. Quercetin-7-O-8-D-glucoside (33) ciing dugc ghi

nhan c6 nhiéu trién vong nghién ctru [15].
1.1.2.2. Céc hop chdt terpenoid

Céc nghién ctru vé thanh phan hoa hoc cua loai C. indicum d3 phat hién nhiéu
hop chit terpenoid c6 hoat tinh sinh hoc da dang, chi yéu tip trung trong bd phan
hoa va phan trén mat dat. Mot sé hop chat dang chii ¥ gom angeloylcumambrin B
(44), chrysanthemulide A—J (53-62), chrysanolide DI (63—65, 122-133), kikkanol
A—C (93-95) va chrysanthemumin A (66). Cac terpenoid niy thé hién nhirng hoat
tinh sinh hoc quan trong nhu chéng viém manh m¢€ (Chrysanthemulide A—J [21]; 8-
tigloyldesacety-lezonmontanin (117), 10-epijafainin (118) [21]), chdng ung thu
(angeloylcumambrin B (44) [17]; 8,8'-ditigloylchrysanolide D (126) [17]), khang
virus HBV (chrysanolide I (63), chrysanolide E (64), chrysanolide D (65) [59]) va
khang virus PEDV (chrysanthemumin A (66) [22]; 18-hydroxy-4(15),5E,10(14)-
germacratriene (108) [23]). Mot s6 hop chat khac nhu kikkanol A—C (93-95) thé hién
kha ning tc ché enzym aldose reductase, mé ra trién vong tng dung trong diéu tri

bién chung tiéu dudng [19] (Bang 1.2).

Bdng 1.2. Mot s6 hop chdt terpenoid tir lodi C. indicum

STT Hop chit Hoat lt::ch sinh B§ phan TLTK
43 | Angeloylajadin Phan trén mat dat | [17]
44 | Angeloylcumambrin B Chéng ung thu | Phan trén mat dat | [17]
45 | Arteglasin A Phan trén mat dat | [17]
46 | Chrysetunone Than cay [17]
47 | Chrysanthemol Hoa [18]
48 | Chrysanthetriol Hoa [18]
49 | Chrysanthetriol A Hoa [18]
50 | Chrysanthetetrol Hoa [19]
51 | Chrysantherol Hoa [20]
52 | Clovanediol Hoa [19]
53 | Caryolane 1,9-f-diol Hoa [19]
54 | Chrysanthemulide A Chédng viém Phan trén mat dat | [21]
55 | Chrysanthemulide B Chéng viém Phan trén mat dat | [21]
56 | Chrysanthemulide C Chédng viém Phan trén mat dat | [21]
57 | Chrysanthemulide D Chéng viém Phan trén mat dat | [21]
58 | Chrysanthemulide E Chéng viém Phan trén mat dat | [21]
59 | Chrysanthemulide F Chédng viém Phan trén mat dat | [21]
60 | Chrysanthemulide G Chéng viém Phan trén mat dat | [21]
61 | Chrysanthemulide H Chédng viém Phan trén mit dat | [21]
62 | Chrysanthemulide I Chéng viém Phan trén mat dat | [21]




63 | Chrysanthemulide J Chéng viém Phan trén mat dat | [21]
64 | Chrysanolide A Chdéng HBV Hoa [22]
65 | Chrysanolide B Chéng HBV | Hoa [22]
66 | Chrysanolide C Chdéng HBV Hoa [22]
67 | Chrysanthemumin A Hoa [23]
68 | Chrysanthemumin B Chdéng PEDV | Hoa [23]
69 | Chrysanthemumin C Hoa [23]
70 | Chrysanthemumin D Hoa [23]
71 | Chrysanthemumin E Hoa [23]
72 | Chrysanthemumin F Hoa [23]
73 | Chrysanthemumin G Hoa [23]
74 | Chrysanthemumin H Hoa [23]
75 | Chrysanthemumin | Hoa [23]
76 | Chrysanthemumin J Hoa [23]
77 | Chrysanthemumin C ketone Hoa [24]
78 | Chrysanthemumin D ketone Hoa [24]
79 | Chrysanthemumol | Hoa [24]
80 | Chrysanthemumol J Hoa [24]
81 | Chrysanthemumol K Hoa [24]
82 | Chrysanthenediol A Hoa [24]
83 | Canusesnol E Hoa [24]
84 | Cumambrin A Hoa [25]
85 | Disesquiterpenoid B Hoa [25]
86 | Eudesmene-4(14)-ene-3,11-diol Hoa [24]
87 | Eudesm-4(15)-ene-1p,6a-diol Hoa [23]
88 | Indicumolide A Hoa [5]
89 | Indicumolide B Hoa [5]
90 | Indicumolide C Hoa [5]
91 | Indicumenone Phan trén mit dat | [26]
92 | Intermedeol ] ] Hoa [23]
93 | Kikkanol A Ucchealdose | o, [19]
rpductglse
94 | Kikkanol B Ucchealdose | 1y [19]
r,eductgse
95 | Kikkanol C Ucchealdose | 1y [19]
reductase
96 | Kikkanol D Hoa [27]
97 | Kikkanol D monoacetate Hoa [27]
98 | Kikkanol E Hoa [27]
99 | Kikkanol F Hoa [27]
100 | Kikkanol F monoacetate Hoa [27]
101 | Ligucyperonol Hoa [23]
102 | Matricarin Hoa [23]
103 | Oplopanone Hoa [20]
104 | Spathulenol Hoa [23]
105 | Tunefulin Phan trén mat dat | [26]
106 | Yejuhua Lactone (Handelin) Hoa [17]
(1R,35,3a8,5R,7aS)-3-acetyl-3a-
107 | hydroxy-5-(2-hydroxypropan-2-yl)-7a- Hoa [25]

methyloctahydro-1H-inden-1-ylacetate




18-hydroxy-4(15),5E,10(14)-

108 . Chéng PEDV | Hoa [23]
germacratriene
15,35,5a-trihydroxyl-7-isopropenyl-

109 gfrrfacren-4(}i 5 10014)-diors Hoa 28]

110 15,3p,5p-trihydroxyl-7-isopropenyl- Hoa [28]
germacren-4(15),10(14)-diene

111 15,3a,5p-trihydroxyl-7-isopropenyl- Hoa [28]
germacren-4(15),10(14)-diene

112 (38,5a,68,7p,14f)-Eudesmen-3,5,6,11- Hoa 28]
tetrol
(3R,6S5)-6-[(1R,2R)-2-hydroxy-3-

113 | methylene cyclopentyl] C-methyl-2,2,6- Hoa [25]
trimethyltetrahydro-2H-pyran-3-ol

114 (4R,5R)-4,5-dihydroxycaryophyll- Hoa 23]
8(13)-ene

115 | Sa-hydroxy-$-eudesmol Hoa [23]

116 | 6,8-cycloeudesm-4(15)-en-1-ol Hoa [23]

117 | 8-tigloyldesacety-lezonmontanin Chéng viém Phan trén mat dat | [21]

118 | 10-epijafainin Chéng viém Phan trén mat dat | [21]

119 | 11(7—6)abeo-14-norcabrane-4,7-dione Hoa [23]

120 l-hydrox'y- 1-oxo0-4a,5a,76,104- Hoa [23]
eremophilane

121 | 11,13-dehydrodesacetylmatricarin Hoa [23]

122 | Chrysanolide D Phan trén mit dat | [17]

123 | Chrysanolide E Phan trén mit dat | [17]

124 | 8'-tigloylchrysanolide D Phan trén mat dat | [17]

125 | 8-angeloyl-8'-hydroxychrysanolide D Phan trén mat dt | [17]

126 | 8,8'-ditigloylchrysanolide D Chéng ung thu | Phan trén mat dat | [17]

127 | 8-tigloylchrysanolide D Phan trén mat dat | [17]

128 | Chrysanolide F Phan trén mit dat | [17]

129 | 8-Tigloylchrysanolide F Phan trén mat dat | [17]

130 | Chrysanolide G Phan trén mat dat | [17]

131 | Chrysanolide H Phan trén mat dat | [17]

132 | 8-angeloylchrysanolide H Phan trén mat dat | [17]

133 | Chrysanolide | Phan trén mit dat | [17]

134 | Artanomaliide C Phan trén mit dat | [17]

135 | tigloylcumambrin B Phan trén mat dat | [17]
7-epi-eudesm-4(15),11(13)-diene-

136 |, ﬁg ol (15),11(13) Hoa [29]

137 | 7-epi-1p-hydroxy-f-eudesmol Hoa [29]
100-hydroxy-8af(S-D-glucopyranosyl)-

138 | 1aH,5aH,6H,86H,70H,115H,110- Hoa [30]

methylguaia-3-enolide




10

Hinh 1.2. Céu tric cdc hop chat terpenoid tir C.indicum
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1.1.2.3. Cdc hop chdt phenylpropanoid va phenolic acid

Céc nghién ctru di ghi nhan nhiéu hop chit thuéc nhom phenylpropanoid va
phenolic acid tir hoa cta loai C. indicum, trong d6 ndi bat 1a caffeic acid (139),
chlorogenic acid (140), chrysophanol (143), syringaresinol (147) va vanillic acid
(149). Cac hop chat nay thé hién cac hoat tinh sinh hoc da dang nhu chdng oxy hoa,
chdng viém, khang khuén, chéng ung thu va bao vé gan. DPang chu v, caffeic acid
(139) thé hién kha ning cai thién kha ning hoc tip trong mé hinh Alzheimer, wrc ché
di can té bao ung thu, chéng virus HCV va HIV [31]. Chlorogenic acid (140) c6 tac
dung trc ché kich hoat tiéu cau, ha lipid mau, ha duong huyét va ha huyét ap [3].
Chrysophanol (143) di duoc ching minh c6 kha ning chdng ung thu [13].
Syringaresinol (147) thé hién hoat tinh gidn mach, chong viém va giam dau [5].
Vanillic acid (149) c6 hoat tinh bao vé gan, chéng giun chi, khang khuan va chong
oxy héa [5]. Cac két qua ndy gop phan khang dinh gia tri tiém ning cia céc
phenylpropanoid va phenolic acid trong loai C. indicum dé phat trién thanh cac san

pham cham soc strc khoe va duge pham.

Bang 1.3. Mot so phenylpropanoid va phenolic acid tir loai C. indicum

STT Hop chit Hoat tinh sinh hoc B0 phian TLTK
D6i khang
endothelin, chong
oxy hoa, cai thién
kha nang hoc tap
trong mo hinh
Alzheimer, khang
viém, khang khuan,
chéng HCV, chéng
HIV, trc ché di can té
bao ung thu

Uc ché kich hoat tiéu
cau va huyét khoi,
khang khuan, chng
140 | Chlorogenic acid oxy hoda, khang Hoa [3]
viém, ha lipid mau,
ha duong huyét, ha

139 | Caffeic acid Hoa [31]

huyét ap

141 Chlorogenic acid methyl Hoa [13]
ester

14> | Cryptochlorogenic acid Hoa [13]
methyl ester

143 | Chrysophanol Chong ung thu Hoa [13]

144 Me':thyl 3,4-di-O-cafteoyl Hoa [13]
quinate

145 | Syringin Hoa [13]

146 | Dihydrosyringin Hoa [13]
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147 | Syringaresinol G.lfl " rr{ach: chong Hoa [5]
viém va giam dau
Syringaresinol-4"-O-f-D-
148 G}llucogside g Hoa [3]
Bio vé gan, chong
149 | Vanillic acid giun chi, chéng oxy | Hoa [3]
hoa, khang khuan
150 | Zhebeiresinol Hoa [32]
151 | p-hydroxybenzoic acid Hoa [5]
152 | 1,3-dicaffeoylquinic acid Hoa [15]
153 | 1,5-dicaffeoylquinic acid Hoa [15]
154 | 3,5-dicaffeoylquinic acid Hoa [15]
155 3,5-dicaffeoylquinic acid Hoa [15]
methyl ester
156 3,§—cis-dicaffeoquuinic Hoa [15]
acid
157 | 4-O-caffeoylquinic acid Hoa [5]
158 | 5-O-caffeoylquinic acid Hoa [5]
4-0-4-D-
159 glucfseoxylbenzoic acid Hoa (3]

Hinh 1.3.Cau triic cac hop chdt phenylpropanoid va phenolic acid tir C.indicum

1.1.2.4. Céc hop chdt polyacetylene

Céc nghién ctru da ghi nhan mot s6 hop chat polyacetylene tir hoa cia loai C.
indicum, ndi bat nhat 1a cac chrysindins A-D (160—163), cis-spiroketalenolether
polyyne (164), trans-spiroketalenolether polyyne (165), va cac din xuat spirodecane
gom  (+)-(35*,45* 5R* 85*)-(E)-8-acetoxy-4-hydroxy-3-isovaleryloxy-2-(hexa-2,4-
diynyliden)-1,6-dioxaspiro[4,5]decane (166), (+)-(35*,45*,5R*)-(E)-4-hydroxy-3-
isovaleryloxy-2-(hexa-2,4-diynyliden)-1,6-dioxaspiro[4,5]decane (167), (—)-
(35*,45* 5R*)-(E)-3,4-diacetoxy-2-(hexa-2,4-diynyliden)-1,6-dioxaspiro[4,5]
decane (168), Z/E-1,6-dioxaspiro[4.4]non-3-ene (169-170), va (1R,9S,105)-10-
hydroxyl-8(2,4-diynhexylidene)-9-isovaleryloxy-2,7-dioxaspiro[5,4]decane  (171).
Tuy cac hop chét ndy chua duoc béo cdo nhiéu vé hoat tinh sinh hoc cu thé, nhung
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su da dang vé cau trac hoa hoc cua chung cho thiy tiém ning cao trong viéc phat hién
cac hoat tinh sinh hoc mai tir loai C. indicum [33][19][23].

Badng 1.4. Mt sé polyacetylene tir lodi C. indicum

STT Hop chit Bo phin | TLTK
160 Chrysindins A Hoa [33]
161 Chrysindins B Hoa [33]
162 Chrysindins C Hoa [33]
163 Chrysindins D Hoa [33]
164 cis-Spiroketalenolether polyyne Hoa [19]
165 trans-Spiroketalenolether polyyne Hoa [19]

(+)-(35*,45*,5R*,85*)-(E)-8-acetoxy-4-hydroxy-3-
166 isovaleryloxy-2-(hexa-2,4-diynyliden)-1,6- Hoa [23]

dioxaspiro[4,5]decane
(+)-(35*,45*,5R*)-(E)-4-hydroxy-3-isovaleryloxy-2-

167 (hexa-2,4-diynyliden)-1,6-dioxaspiro[4,5]decane Hoa 23]
(—)-(35*,45*,5R*)-(E)-3,4-diacetoxy-2-(hexa-2,4-

168 diynyliden)-1,6-dioxaspiro[4,5]decane Hoa 23]

169 Z-1,6-dioxaspiro[4.4]non-3-ene Hoa [23]

170 E-1,6-dioxaspiro[4.4]non-3-ene Hoa [23]

171 (1R,9S8,105)-10-hydroxyl-8(2,4-diynhexylidene)-9- Hoa 23]

isovaleryloxy-2,7-dioxaspiro[5,4]decane

]

H, —,

1]

162 R=Ac RO
163 R=H

Hinh 1.4.Cadu triic cdc hop chdt polyacetylene tir C.indicum

1.1.3. Hoat tinh sinh hoc cua loai Chrysanthemum indicum

1.1.3.1. Hoat tinh chong oxy héa

Cao chiét tir cay Cuc hoa vang (Chrysanthemum indicum L.) c6 hoat tinh chong
oxy héa rd rét [35], trong d6 dich chiét methanol c6 kha nang quét goc tuw do DPPH
v6i gid tri ICso 1a 87,64 pg/mL. Nghién ciru cia Yan va cong su chi ra rang khi chudt
dugc udng dich chiét nude ¢ lidu lwong 2 g/(kg ngdy) trong 7 ngay lién tuc thi hoat
tinh cia cac enzyme glutathione peroxidase (GSH-Px) va catalase (CAT) trong méau
toan phan duoc ting cudng 1 rét (p < 0,05) [36]. Mot nghién ctru khac ciing cho thay

dich chiét tr C. indicum L. ¢6 kha nang uc ché hién tuong chét té bao, lam giam sy
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tao thanh céc loai gbc ty do ROS, tc ché sy phén cit enzyme PARP va diéu chinh ty
1¢ Bax/Bcl-2 trong té bao SH-SY5Y duoc giy doc boi MPP* & cac liu 1, 10 va 100
g [37].

1.1.3.2. Hoat tinh chéng viém

Nghién ctru ciia nhém tac gia Li va cong sy ndm 2009 chi ra rang, cao chiét tir
cay Cuc hoa vang (C. indicum L.) c6 tac dung trc ché 13 rét cic chit gay viém trong
co thé nguoi. Dich chiét ethanol 70% tir C. indicum L. c6 kha niang @c ché hoat tinh
ctia IL-1, TNF-a va lam giam su tich tu bach cau khi ding véi lidu luong 200 mg/kg
(tiém phuc mac) [38]. Cao chiét methanol tir ctc hoa vang thé hién kha ning @c ché
TNF-a, PGE:2 va COX-2 [39]. Cao chiét methanol ctia ctc hoa vang ciing trc ché yéu
t6 phién ma NF-kB (P65 va P50), theo d6, Akt 1 va Akt 2 c6 thé 1a cac dich tac dong
truc tiép, va hop chit chinh c¢6 hoat tinh c6 thé 1a Luteolin [40]. Ngoai ra, cao chiét
methanol cta cic hoa vang con tc ché su hoat hoa cta cac thy thé gay viém NLRP3
va AIM2 [41]. Trong mot nghién ctru khéc, cao chiét sir dung chat 1ong CO: siéu t&i
han ciing ¢6 thé 1am ting hoat tinh cta cic enzyme chong oxy hoa nhu superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), d6ng thoi 1am giam
hoat hoa NF-«kB va trc ché su biéu hién ctia con duong tin hiéu TLR4/MyDS88 [42].

1.1.3.3. Hoat tinh chong ung thir

Mot nghién ctru vao nam 2009 chi ra rang, cao chiét ethanol 95% tir C. indicum L.
thuc day qué trinh apoptosis cua t& bao MHCC97H thong qua con duong phu thudc
ty thé lién quan dén Caspase-3 va gay ngimg chu ky té bao ung thu ¢ pha S bang cach
tang biéu hién protein P21 va giam biéu hién CDK4 [43]. Phan doan CH:CL tir C.
indicum L. c6 kha ning tc ché duong truyén tin hiéu JAK1/2 va STAT3, giy
apoptosis t& bao, tir d6 tao ra hiéu ting chong ung thu tuyén tién liét [44]. Cao chiét
ethanol 70% tir C. indicum c ché sy hoat hoa NF-«xB do protein LMP1 gay ra [45],
dong thoi e ché con dudng tin hiéu MAPK/ERK 1/2 thong qua thu thé f2-adrenergic
(52-AR) duoc kich hoat boi isoprenaline trong cac té bao ung thu, tao nén tac dung
chéng ung thur gan [46]. Cao chiét methanol ciing c6 kha ning trc ché té bao ung thur
phdi A549 (tic ché 27% & ndng do 100 pg/mL) theo cach phu thudc vao lidu lugng
va thoi gian [45]. Ngoai ra, cao chiét tir C. indicum L. con c6 tiém ning trd thanh
thudc chéng ung thu va c6 kha ning lam giam doc tinh trén than cia thudc chong ung
thu cisplatin [47]. Cao chiét sir dung chat long CO: siéu t6i han co thé ting cudng
hiéu qua chdng khéi u cta thudc Bleomycin trén chudt mang khdi u va giam doc tinh

ctia thude nay [48].



15

1.1.3.4. Hoat tinh khdng khudn va khdng virus

Tinh dau tir C. indicum L. c6 kha ning trc ché sy phat trién cta Staphylococcus
aureus, Escherichia coli, Salmonella typhi thong qua viéc 1am ton thuong qua trinh
chuyén héa cia vi sinh vat [49], va cac hop chit s§ 174-182 c6 thé 1a nhing thanh
phan hoat tinh chinh cua tinh du hoa cuc vang [50]. Cao chiét ethanol c6 tac dung
trc ché nhét dinh d6i voi S. aureus va E. coli, voi ndng d6 tc ché tdi thiéu lan luot 1a
64,9 mg/mL va 16,17 mg/mL, nhung c6 tac dung rat yéu dbi véi Bacillus subtilis, véi
ndng do we ché t6i thiéu 1a 258,75 mg/mL [51].

Vé mat khang virus, vién nang bao vé gan c6 ngudn gbc tir C. indicum L. cho
thiy hoat tinh chdng virus viém gan B (HBV) trong nghién ctru in vitro [52]. Cao
chiét nude ciing c6 tac dung nhét dinh trong viéc ngan chin va e ché virus cam gia
cam (AIV), virus gdy bénh Newcastle (NDV), va virus gdy viém phé quan truyén
nhiém ¢ gia cAm (IBV) [53]. Co ché tac dong co thé do ngan can virus bam 1én té bao
vat chu, trc ché sy nhén 1én hodc lan truyén cua virus trong chu ky sinh san. Ngoai ra,
cao chiét nudc con co tac dung e ché dang ké qua trinh xdm nhap va hap phu cia
virus hop bao ho hip (RSV) in vitro [54].

1.2. Tong quan vé chi Acacia va loai keo tai twong (Acacia mangium)

1.2.1.  Phan logi, hinh thdi va phin bé ciia lodi Acacia mangium

Chi Acacia thudc ho Fabaceae, phan ho Mimosoideae, 1a mot chi thuc vat cé
khoang 1350 loai phan b rong rii trén toan cau [55]. Lodi Acacia mangium, thudng
duoc goi 1a keo tai tugng, 1a mot trong nhiing loai quan trong trong chi nay. Loai cay
nay cé nguén géc tur khu vyc Dong Nam A, dic biét phé bién & Papua New Guinea,
Indonesia, Malaysia, va mién bac Australia [55]. V& mat hinh thai, 4. mangium 1a cay
than gS c6 thé dat chiéu cao tir 20-30 m, than théng, tan 14 rong. La cay thuc chit 1a
cac phién 14 bién ddi (phyllodes) v6i hinh dang elip thudn dai. Hoa cta loai nay c6
mau tring dén vang nhat, moc thanh cum day dic va c6 huong thom nhe. Qua 1a dang

qua dau, dai va chura nhiéu hat nhé [55].

1.2.2. Thanh phdn héa hoc ciia chi Acacia va loai Acacia mangium

1.2.2.1. Céc hop chdt flavonoid

Chi Acacia (Fabaceae: Mimosoideae) la mgt nhém thuc vat phong phti véi hon
1000 loai phan bd rong rii & cac ving nhiét déi va can nhiét d6i trén thé gidi. Nhicu
loai trong chi nay tir 14u da dugc sir dung trong y hoc ¢d truyén nho chira cac hop
chét thir cfip c6 hoat tinh sinh hoc da dang, dac biét 1a flavonoid — nhoém hop chét

dong vai trd quan trong trong bao vé thuc vat va co nhiéu tmg dung tiém ning trong
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duoc phém. Cac nghién ctru hoa hoc thuc vat da ghi nhan su hi¢n dién phong phu cia
flavonoid trong cac bo phan khac nhau ctia Acacia, dic biét 1a 14, hoa va gd 16i. Tu
phan 14 cua loai Acacia mangium, cac flavonol glycoside nhu quercetin-3-glucoside
(172), quercetin-3,4’-diglucoside (173), kaempferol-3,7-dirhamnoside (31) va
kaempferol-7,4’-digalactoside (174) da dugc phan lap bdi Kalsom va cong su [56].
Tuong tu, cac flavonoid, bao gdm isorhamnetin (37), quercetin-7-glucoside (33) va
kaempferol-3-dixyloside (175) ciing duoc phat hién trong phan 14 cia cac loai Acacia
auriculiformis va Acacia richii [56]. Tu hai loai A. galpinii va A. giraffae, Malan va
cong su da phat hién cac hop chat flavan-3,4-diol gdm teracacidin (176), melacacidin
(177), leucofisetinidin (178), leucocyanidin (179) va catechin (180). Pay la nhiing
hop chét tién chat trong qua trinh hinh thanh tannin ngung tu [57]. Cac flavan-3-ol
nhu catechin (180), epicatechin (181), afzelechin (182), epiafzelechin (183),
mesquitol (184) cung véi cac flavonol nhu kaempferol (30), quercetin (32), quercetin
3-methyl ether (185) va caryatin (186) cling da dugc phat hién tir loai Acacia catechu,
mot dugc liéu duge str dung phé bién & mot s nude chau A [58]. Tur hoa Acacia
saligna, cac nha nghién ctru xac dinh duoc ba flavonoid chinh gdm naringenin (187),
quercetin (21) va kaempferol (20) véi hoat tinh chong oxy hoa va khang khuan dang
ké [59]. Mot s6 flavonoid glycoside ciing duoc phan l4p tir phan trén mit dat cua loai
Acacia pennata nhu quercetin-3-O-f-D-glucopyranosyl-4’-O-f-D-glucopyranoside
(188), (2R,35)-3,5,7-trihydroxyflavan-3-0-a-L-rhamnopyranoside (189), chrysin-7-
O-fp-D-glucopyranoside ~ (190),  quercetin-3-O-f-D-glucopyranoside  (172),
kaempferol-3-O-a-L-rhamnopyranoside (191), epiafzelechin-3-O-gallate-(40—8)-
flavanoglycoside (192), pinocembrin-7-0-f-D-glucopyranoside (193) [60]. Trong gb
161 cua loai Acacia confusa, mdt s6 flavonoid cling da dugc phat hi¢n bao gém
3,7,8,3',4'-pentahydroxyflavone (194), 7,8,3',4'-tetrahydroxy-3-methoxyflavone
(195), 3,4,2',3",4'-pentahydroxy-trans-chalcone (196) va 3,7,8,3'-tetrahydroxy-4'-
methoxyflavone (197) [61].
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(176) R; = OH, R, = H
(177) R, = OH, R, = OH
(178) Ry =H,R,=H
(179) Ry = H, R, = OH

OH

ﬁ"\OH
(175) HoO

@[ O HO
oH (180) R=OH \Q/\J ‘OH (181) R=OH
OH

o (182) R=H (183) R=H

HO

X

0 (195) O (197)

Hinh 1.5.Cdu tric céc hop chd'z‘ﬂavonoid tr mot s6 lodi thudc chi Acacia
1.2.2.2. Céc hop chdt phenolic khdc

Trong hat Acacia victoriae, cadc phenolic acid nhu gallic acid (198) va 3.,4-
dihydroxybenzoic acid (199) di duoc xac dinh [62]. Trong khi do, tir dich chiét nuéc

ctia loai Acacia catechu, cic hop chét phenolic ciing duoc phat hién, gom ellagic acid
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(200), 5-hydroxy-2-[2-(4-hydroxyphenyl)acetyl]-3-methoxybenzoic acid (201) va 4-
hydroxyphenylethanol (202) [63]. Trong nghién ctru gan déy trén hoa cta 4. mearnsii
va A. retinodes, cic nha khoa hoc da dinh danh mét loat hop chét phenolic théng qua
cac phuong phap sic ky 1ong hiéu ning cao két hop khdi phé (UHPLC-QTOF-MS)
va HPLC-DAD. Cac hop chit duoc phat hién bao gdm catechol (203), 4-
hydroxybenzoic acid (204), 4-hydroxybenzaldehyde (205), wvanillin (206),
syringaldehyde (207), caffeic acid (208), p-coumaric acid (209), trans-cinnamic acid
(210), trong d6, vanillin va syringaldehyde 1a cac dan xuat aldehyde thom c6 hoat
tinh sinh hoc dang chu ¥ va thuong xuét hién trong cac chiét xuat c6 tinh chat khang

khuan va bao vé té bao [64].
OH

(0]
o ) i 7 O
HO
OH OH HO OH
HO HO

OH (198) (199) o (200)

O ©E°” @* o
(202) OH (203 (204) (205) ° (zos)

\
Hojij\/ HOJCI/\AOH /@/\AOH wOH
~o /0(207) HO (208) HO (209) (210)

Hinh 1.6.Cdu tric cdc hop chd'tphenolic tr mot s6 lodi thudce chi Acacia

1.2.3. Hoat tinh sinh hoc cua loai Acacia mangium va chi Acacia
1.2.3.1. Hoat tinh chéng oxi hod

Nhiéu nghién ctru da ghi nhan kha ning chdng oxy hoéa manh mé cia céc loai
thudc chi Acacia, chu yéu nho sy hi¢n dién cua cac flavonoid glycoside va phenolic
acid. Chiét xuat methanol tir 14 Acacia mangium va Acacia auriculiformis cho thay
hoat tinh chdng oxy hoa dang ké qua thir nghiém DPPH, véi cac thanh phan chinh
gdm quercetin-3-glucoside, quercetin-3-diglucoside, kaempferol-3,7-dirhamnoside
va kaempferol-7,4'-digalactoside. Nhitng hop cht nay déng vai trd trung tAm trong
kha ning quét gbc tu do va bao vé té bao khoi stress oxy hoa [56]. Tuong tu, chiét
xuét ethanol tir hoa Acacia retinodes va Acacia mearnsii ciing thé hién ham luong
polyphenol rit cao, dao dong tir 300 dén 350 mg GAE/g dich chiét, trong d6 flavonoid
chiém t&i hon 130 mg QE/g. Cac hop chat nhu catechol, gallic acid, caffeic acid, p-
coumaric acid va trans-cinnamic acid dugc xac dinh bang UHPLC-QTOF-MS, gop
phan quan trong vao tac dung chong oxy héa cua chiét xuat hoa, dic biét & giai doan
né mudn ctia hoa [64]. Chiét xuat 16i gd A. catechu chira cac flavan-3-ol nhu catechin,

epicatechin, afzelechin va mesquitol thé hién hiéu qua cao trong viéc quét gbc DPPH
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va hydroxyl, bao v¢ lipid va protein khoi qua trinh peroxid héa [58]. Ngoai ra, nghién
clru trén hat A. victoriae chi ra rang qué trinh rang lam gia ting ham luong cic
phenolic acid nhw gallic acid va succinic acid, tir 46 1am ting dang ké kha ning chong
oxy hoa ciia chiét xuit methanol tir hat d3 xu 1y nhiét [62]. Tir 4. catechu, hai hop
chét phenolic méi 13 5-hydroxy-2-[2-(4-hydroxyphenyl)acetyl]-3-methoxybenzoic
acid va 4-hydroxyphenylethanol ciing dwgc ching minh c6 hiéu qua quét gbc DPPH
va superoxide, mé ra tiém ning tng dung trong bao vé té bao va thuc pham chirc
nang [63].
1.2.3.2. Hoat tinh khang khudn va khding nam

Hoat tinh khang khuan ndi bat dugc ghi nhan trong chiét xuit vo cdy Acacia
mearnsii, von giau tannin ngung tu (condensed tannins). Cac nghién ciru cho thay
chiét xuat nay c6 kha ning trc ché sy phat trién cua nhiéu vi khuin duong rudt nhu
Clostridium perfringens, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris
va Serratia marcescens, ddng thoi khong anh huong dén cac vi khuan co loi nhu
Bifidobacterium va Lactobacillus, cho thdy kha ning tmg dung nhu mot chét diéu
hoa hé vi sinh duong rudt [65]. Ngoai ra, cac hgp chit nhu catechol va vanillin, dugc
phat hién trong hoa A. mearnsii va A. retinodes, ciing dugc biét dén nhu nhirng chat
khang khuan va khang nim tu nhién, gbp phan ning cao hiéu qua bao vé cua chiét
xuat thuc vét nay [64].
1.2.3.3. Hoat tinh khdng viém va gdy déc té bao ung thu

Mot s6 flavonoid phan 1ap tir A. pennata dugce chimg minh c6 kha ning tac dong
1én con duong tin hiéu Hedgehog—GLI, mét trong nhiing co ché diéu hoa ting sinh
va biét hoa té bao co lién quan mat thiét dén ung thu tuyén tién liét va tuyén tuy. Dic
biét, quercetin-3-0O-f-D-glucopyranosyl-4-O-f-D-glucopyranoside dugc xac dinh la
hop chat chinh trc ché tin hidu GLI, tir d6 cho thiy tiém ning phat trién lam thudc
diéu tri ung thu hudng dich [60]. Ngoai ra, sy hién dién cta cac flavone va flavanone
glycoside khac nhu chrysin-7-O-glucoside, pinocembrin-7-O-glucoside, kaempferol-
3-O-rhamnoside... ciing gop phan vao tac dung chéng viém va {rc ché ting sinh té
bao da dugc ghi nhan qua cac thir nghiém sinh hoc [60].

1.3. Giéi thiéu veé vi khuan lam Microcystis aeruginosa
1.3.1. Dac diém sinh hoc ciia Microcystis aeruginosa

Microcystis aeruginosa 13 mot loai vi khuan lam (cyanobacteria) phd bién trong
moi truong nudc ngot, dac biét 1a ¢ nhiing vung nudc ¢6 ham luong dinh dudng cao.
Loai nay c6 kha ning sinh truong manh trong diéu kién giau phosphorus, lam gia
tang nguy co bung phat tdo nd hoa (harmful algal blooms - HABs), anh hudng tiéu

cuc dén chét luong nudce va hé sinh thai [66].
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1.3.1.1. Hinh thdi va cdu triic té bao

M. aeruginosa c6 hinh théi va cau trac té bao dic trung, giup chung thich nghi
va phat trién manh trong méi trudng nude ngot. Vi khuan nay co kich thudc tir 2 dén
7 um, thudng c6 dang hinh cau hoic elip [67]. Cac té bao thudng ton tai don 1¢ hodc
lién két thanh tap doan, tao nén cac cum vi khuén 16n duoc bao boc boi 16p chét nhéy
ngoai bao (EPS - extracellular polymeric substances). Lép chat nhay nay giup vi
khuén chéng lai dong vat phu du an tdo va bao v¢ chung khoi cac diéu kién moi
truong bat loi [67]. Mot dac diém quan trong cua M. aeruginosa 1a sy hi¢én dién cua
tai khi noi bao (gas vesicles), cho phép ching diéu chinh kha nang ndi. Nho vao dic
diém nay, vi khuan c6 thé kiém soat vi tri ctia chiing trong cot nudce, gitip tdi uvu hoa

viéc tiép nhan 4nh sang va chat dinh dudng dé phat trién [66].

Hinh 1.7. Hinh thdi ciia tdp dodn vi khudn lam M. aeruginosa [67]

Thanh té bao cua M. aeruginosa chira peptidoglycan, gitip bao vé vi khuan khoi
cac yéu td moi truong bat lgi [67]. Lop chat nhdy ngoai bao (EPS) ciing dong vai tro
quan trong trong viéc bao vé vi khuan khoi dong vat phu du, dong thoi giup duy tri
tinh on dinh ctia tap doan vi khuan [67]. Ngoai ra, M. aeruginosa c6 kha nang luu trix
dinh dudng nodi bao dé ton tai trong diéu kién khic nghiét. Vi khuan nay du trir
phosphorus dudi dang polyphosphate (poly-P), giup chung séng sot trong diéu kién
thiéu hut phosphorus[66]. Pong thoi, chung ciing luu trit glycogen nhu mot ngudn
nang lugng du trir dé str dung khi ngudn carbon bi han ché [67].

M. aeruginosa c6 mang thylakoid, chira chlorophyll a, gitp thuc hi¢n qué trinh
quang hop va chuyén hoa ning lugng tir anh sang [66]. Ngoai ra, vi khuan nay ciing
chtra céc sic t6 quang hop nhu phycoerythrin va phycocyanin, gitip hap thu anh sang

hiéu qua ngay ca trong diéu kién anh sang yéu [67].
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1.3.1.2. San xudt ddc t6 va chién luoc sinh ton

M. aeruginosa 13 mot trong nhirng loai vi khuan lam c6 kha ning san xuit cac
hop chit microcystin, mot nhom doc td peptide c6 vong, gdy anh huéng nghiém trong
dén hé sinh thai va sitc khoe con ngudi [68]. Microcystins duogc tong hop thong qua
mot cum gen chuyén biét goi 1a mcy (microcystin synthetase gene cluster). Cum gen
nay mé hoa cac enzyme can thiét cho qua trinh téng hop doc t6 [68]. Biéu hién cia
cac gen mcyA, mcyB, mcyC c6 xu hudng ting cao khi mirc dinh dudng trong moi

truong giam, gitp vi khuan thich nghi voi diéu kién khan hiém phosphorus [68].

Microcystins ¢6 nhi€u chirc nang quan trong giup M. aeruginosa canh tranh va

tdn tai trong hé sinh thai nudce ngot:

- Uc ché sinh trudng cua vi sinh vat canh tranh, giup M. aeruginosa chiém uu thé so
vo1 cac loai vi khuan khac [68].

- Chéng lai dong vat phu du an tao, 1am giam kha ning bi tidu thu boi cac loai nhu
Daphnia [68].

- Thich nghi véi méi truong: Khi ndng dd phosphorus trong nuéc giam, M.
aeruginosa ting cudng san xuit cac hop chit microcystin dé bao vé tap doan vi khuan
khoi su suy gidm nhanh chong [69, 70].

Vi du thyc té: Tai H) Erie (My¥), hién tuong tdo né hoa do M. aeruginosa bung
phat manh mé& da dan dén ndng d6 cac microcystin cao, gy 6 nhiém nghiém trong
ngudn nude [68]. Mot nghién ctru khac tai Trung Qudc cho thay, khi mtrc phosphorus
giam, M. aeruginosa phan ing bang cach gia ting san xuit cac hop chat microcystin
dé duy tri su séng [71].

1.3.1.3. Tinh linh hoat di truyén va thich nghi méi truong

M. aeruginosa c6 kha ning thich nghi cao véi cac diéu kién moi truong nhd bo
gen linh hoat. Vi khuan nay co bd gen 5,8 tri¢u cap base, vd1 hon 12.000 gen duoc
du doan, giup chung c6 thé diéu chinh nhanh chong dé thich nghi véi cac diéu kién
song khac nhau [71].

Pé t6n tai trong moi truong co6 ndng dd phosphorus thap, M. aeruginosa kich
hoat biéu hién ctia cac gen phoX, pstS, sphX, gitip ting cudng hap thu phosphorus
hiéu qua. Ngoai ra, vi khuan nay ciing c6 thé st dung urea va cac hop chit hitu co
1am ngudn nitrogen thay thé khi ngudn nitrogen v co khan hiém [67]. M6t s6 dong
vi khuan con c6 kha nang trao doi vat chat di truyén, gitip ching dé dang thich nghi
v6i diéu kién moi truong thay d6i [70].
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M. aeruginosa c6 kha ning hinh thanh tap doan té bao, gitip bao vé ching khoi
dong vat phu du an tdo va cac diéu kién moi truong bét loi [67]. Khi diéu kién tro nén
khic nghiét, chang han nhu khi muc oxy hoa tan trong nude giam, vi khuan cé thé
giam tdc do trao ddi chat va str dung glycogen va polyphosphate 1am ngudn ning
lwong duy trit [67]. Nghién ctru tai H6 Taihu (Trung Quéc) phat hién ring cac dong
M. aeruginosa c6 kha niang hap thu nitrogen va phosphorus hiéu qua hon da phat trién

manh, ngay ca trong diéu kién méi trudng bién doi [71].
1.3.2. Tdc dpng ciia Microcystis aeruginosa dén moi truong va sirc khée.

1.3.2.1. Tac déng dén méi truong

Hién tuong tdo nd hoa (harmful algal blooms - HABs) do Microcystis
aeruginosa giy ra c6 thé 1am mét cin bang hé sinh thai nudc ngot theo nhiéu cach
khac nhau, anh huong nghiém trong dén hé sinh thai va chat luong nudc. Mot trong
nhimg hau qua nghiém trong nhat 1 sy suy giam ham luong oxy hoa tan, din dén
hién tuong thiéu oxy cuc bd (hypoxia) hodc tham chi tao ra ving nudc chét (dead
zones). Khi M. aeruginosa phat trién manh, chung tiéu thu mot luong 16n chét dinh
dudng trong nudc. Khi tao chét di, qua trinh phan huy sinh hoc tiéu thu nhiéu oxy,
khién mtic oxy trong nudc sut giam manh, 1am suy giam chét luong méi truong séng

clia ca va dong vat khong xuong song [67].

Ngoai ra, M. aeruginosa con anh hudng tiéu cuc dén hé sinh thai thaty sinh. Céc
tap doan vi khuan nay c6 thé tao ra mot 16p mang day trén mit nude, can trd anh sang
xuyén xudng phia dudi, 1am suy giam quang hop cua thuc vat thay sinh. Pidu nay
dan dén su suy giam mat d§ va da dang cua thyc vat dudi nudce, lam anh hudng dén
cac sinh vat séng phu thude vao chiing [67]. Hon nita, cac chit doc do M. aeruginosa
tiét ra co thé gy anh huong dén ca, dong vat phu du va céac vi sinh vat khac, 1am mat
can bang chudi thic in trong hé sinh thai [67]. Pic biét, Microcystis con c6 kha ning
chdng lai su tn cong cta dong vat phit du va cac loai hai manh vo (nhu hén, trai) nho
co ché bao vé sinh hoc, gitip chung duy tri mat do cao trong tu nhién [69]. Chung
cling co thé né tranh céc virus ky sinh bang cach thay doi cu triic té bao hoc tao 16p
nhay day hon[69], gop phan ting kha ning bung phat lau dai va dai dang trong tur

nhién.

Nhitng tac dong nay di dugc ghi nhan trong nhiéu nghién ctru thue tién. Vi dy,
tai hd Erie (M¥) ndm 2011, M. aeruginosa bung phat trén dién rong, 1am suy giam
nghiém trong murc oxy hoa tan trong nudc va gy chét hang loat ca [67]. Mot trudng

hop khac xay ra tai San Francisco (M¥) nim 2014, khi sy phat trién b at cua M.
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aeruginosa da lam gian doan h¢ sinh thai song va ctra bién, anh hudng dén dong vat

phu du va cé trong khu vuc [67].
1.3.2.2. Téc dong dén sirc khée con nguoi

Mot trong nhitng mdi nguy hiém 16n nhéat tir M. aeruginosa 1a cac hop chat
microcystin, nhoém ddc td duoc san xuat boi loai nay. Cac chit doc nay co thé anh
huong nghiém trong dén stc khoe con nguoi, dac biét khi tiép xuc truc tiép vO1 nudc
bi 6 nhiém hodc tiéu thu thuc phém va nudc uéng bi nhiém doc. Ngo doc cép tinh co
thé xay ra khi con ngudi tiép xac truc tiép véi nudce bi 6 nhidm M. aeruginosa thong
qua cac hoat dong nhu tdm, boi 101 hodc hit phai giot nudc cd chira doc td. Céc triéu
chtirng thuong gip bao gém kich ting da, do mét, budn ndn, ndn mira, tiéu chay, dau

bung va sbt [68].

Mot van dé dang lo ngai khac la sy tich tu doc to trong chudi thtc an.
Microcystin do M. aeruginosa san xuat cé thé tich lity trong co thé ctia cac loai ca va
dong vat c6 vo nhu trai, hén. Khi con nguoi tiéu thy nhing loai thity san nay, doc to
c6 thé di vao co thé va gay ra cac van dé strc khoe nghiém trong [68, 69]. Cac nghién
ctru cling chi ra rang cac hop chat microcystin c¢6 thé 1am thay doi cau trac mé gan
clia c4, gay ton thuong gan nghiém trong, thim chi c6 thé dan dén tir vong [68]. Ngoai
ra, cic doc to vi tao co6 thé anh huong dén hoat dong cua h¢ théng cép nudc: khi mat
do tao cao, s€ gay tac nghén bd loc, lam tang nhu cau sir dung hoéa chit xir 1y nudc,

tdng chi phi va giam hiéu qua van hanh [72].

Bén canh ngd doc cép tinh, ngd doc man tinh do céc hop chat microcystin cling
12 mot mdi quan ngai lén. Viéc tiéu thy nudc uéng bi nhiém microcystin trong thoi
gian dai c6 thé din dén ton thuong gan va 1am ting nguy co ung thu gan. Mot nghién
ctru tai Trung Qudc cho thiy c6 mdi lién hé chit ché giita ndong d6 hop chat
microcystin cao trong nudc udng va ty 16 mic ung thu gan cao hon & cac khu vuc bi
6 nhiém ning [68]. Ngoai ra, cac hop chat microcystin c6 thé anh hudng dén hé than
kinh va sinh san. Mt s6 nghién ctru di chimg minh rang chit doc nay c6 thé tac dong
dén hé than kinh trung wong, gy rdi loan nhan thirc, mat tri nhé va suy giam kha
nang hoc tap [68]. Pic biét, microcystin ciing c6 thé gy rdi loan noi tiét, anh hudng
dén hé thong sinh san, bao gdm giam sb luong tinh tring & nam gidi va gy ton

thuong té bao trimg ¢ nit gidi [68].

Mot sd nghién ctru méi con cho thdy cac hop chit microcystin c6 thé giy suy

giam chirc ning than va anh huong dén hé mién dich néu tich tu trong thoi gian dai
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[69, 73]. Nhitng anh hudng ndy dic biét nghiém trong & nhom dan cu dé bi tén thuong

nhu tré nho, ngudi cao tudi va ngudi cd bénh nén.

Céc tac dong nghiém trong clia M. aeruginosa ddi véi sirc khoe con ngudi da
dugc ghi nhan trong nhiéu sy kién thyc té. Mot trong nhitng trudng hop dién hinh 1a
su kién ngd doc tai Caruaru, Brazil ndm 1996, khi khoang 60 bénh nhan chay than
nhan tao di tir vong do sir dung nude bi nhiém cac hop chit microcystin [68, 69].
Mot nghién ctru khac tai Nhat Ban ciing phat hién rang ty 1é méc bénh gan cao hon &

nhitng ngudi song gan cac hd nude bi 6 nhiém M. aeruginosa [68].

Su phat trién manh mé ctia Microcystis aeruginosa khong chi gay anh hudéng
nghiém trong dén h¢ sinh thai nudc ngot ma con tiém an nhiéu rai ro do1 voi stic khoe
con nguoi. Vi¢c giam sat va kiém soat sy phat trién cua M. aeruginosa la v cung can

thiét dé bao vé moi truong nudce cling nhu strec khoe cong dong.

1.3.3. Cdc phwong phdp kiém sodt Microcystis aeruginosa trong méi truwong

Viéc ki€m soat Microcystis aeruginosa trong moi truong nudce 1a mot thach thirc
16n do kha ndng sinh truéng manh mé va san xuat doc to6 cua loai nay. Bé dat hi¢u
qua kiém soat t61 vu ma khong lam anh hudng ti€u cuc dén hé sinh thai, cac phuong

phap hién nay chii yéu duoc chia thanh ba nhom chinh: vat 1y, hoa hoc va sinh hoc.
1.3.3.1. Phwong phap vat ly

Céc phuong phap vt 1y gitp giam thiéu sy phat trién cua M. aeruginosa thong
qua céac bién phap co hoc hodc cong nghé tién tién. Mot s6 hé thdng loc nude nhu
mang siéu loc hodc loc nano cé thé loai bo hiéu qua té bao M. aeruginosa khoi nudc
uéng, dam bao an toan cho nguén nuodc sinh hoat [68, 69]. Ngoai ra, tai mot s6 ho
nuée & Trung Qudc, hé thdng thu gom tao bang ludi co hoc di duogce trién khai nhim

giam mat dé M. aeruginosa trén bé mat nude[69, 70].

Bén canh do, phuong phap suc khi gitip pha v tdp doan M. aeruginosa, giam
kha ning phat trién cua ching bang cach tang cudng hoa tan oxy trong nudc [70].
Trong khi d6, cong nghé siéu 4m st dung séng am voi tan s6 20-40 kHz c6 thé lam
v té bao M. aeruginosa va ngin chin kha ning quang hop ciia chiing, gitp kiém soat
mat d6 vi khuan lam hiéu qua. Mot nghién ctru tai Nhat Ban cho thay rang p dung
siéu am c6 thé giam téi 90% mat 46 M. aeruginosa trong vong 48 gid [70].

Bén canh cac phuong phap da dé cap, mot nghién ciru di cho thay rang qua trinh
tuyén noi khi hoa tan (Dissolved Air Flotation - DAF) c¢6 hiéu qua rat cao trong viéc

loai bd cac t€ bao Microcystis aeruginosa ra khoi nudc ma khong gay pha vo t€ bao
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va giai phong doc td microcystin vao nude. Theo nghién ciru ndy, phuong phap tuyén
no6i khi hoa tan dat hiéu suit loai bo té bao Microcystis 1én dén 93-98%, dong thoi

1am giam dang ké nguy co phat tan doc td ra méi trudng [74].

Céc phuong phap vit Iy twong d6i don gian vé mit cong nghé, tuy nhién, nhugc
diém cua cac phuong phap nay 1a kho ap dung trén quy mé 16n hodc cac thuy vuc cd
dia hinh phtrc tap. Do do, dé diét vi khuéan lam trén mét dién tich 16n, can cd nhitng

phuong phap hi¢u qua hon.
1.3.3.2.  Phwong phap sinh hoc

Céc phuong phap sinh hoc ngay cang dugc quan tam do tinh an toan va than
thién v6i moi trudng. Mot trong nhing chién luge quan trong 1a sir dung vi khuan ddi
khang, gitip tc ché sy phat trién ctia M. aeruginosa bang cach tiét ra enzyme hodc
hop chit sinh hoc. Vi du, vi khuan Streptomyces sp. HJC-DI c6 kha niang pha huay
mang té bao ctia M. aeruginosa, lam giam 53,5-62,6% ham luong Chlorophyll-a sau
72 gio [75]. Mot vi khuan khac, Aeromonas sp., c6 thé giam hon 70% mat do té bao
M. aeruginosa trong vong 5 ngay bang cach tiét ra cac hop chat khang khuan tu nhién
[76].

Ngoai ra, thuc vat thity sinh cling dugc sir dung dé kiém soat M. aeruginosa nhd
kha ning tiét ra cac hop chat c6 tinh chat khang vi khuan lam. Mot nghién ctru da
chtrng minh rang dich chiét tir Eucalyptus va Vallisneria c6 thé 1am giam 80-90%
sinh khéi M. aeruginosa sau 7 ngay tiép xtc [77]. Mot loai tao khac, Chara vulgaris,
c¢6 kha nang tiét ra hop chat e ché quang hop ctia M. aeruginosa, giup giam 80%
ham lugng chlorophyll-a sau 7 ngay xu 1y [78].

Mot phuong phap sinh hoc ty nhién khac 1a str dung dong vat phu du dé kiém
soat mat d6 M. aeruginosa. Céac loai Daphnia magna c6 thé tiéu thu M. aeruginosa
ngay ca khi vi khun nay san xuat doc tb microcystin. Mot nghién ctru da chi ra rang

Daphnia magna c6 thé 1am giam 50% mat 46 M. aeruginosa trong vong 3 ngay[69].

Ngoai vi khuan va thuc vat thiy sinh, cac phage diét tao ciing duoc sir dung dé
kiém soat M. aeruginosa. Cyanophage 1a mot nhom virus c6 kha niang lay nhiém va
tiéu diét M. aeruginosa ma khong 1am anh huéng dén cac vi sinh vat khac trong hé
sinh thai. Mot nghién ctru cho thdy rang cyanophage c6 thé lam giam 90% mat do M.
aeruginosa trong vong 5 ngay [71].

Mot s6 hop chat ty nhién tir vi sinh vét ciing dugc nghién ctru dé kiém soat M.
aeruginosa. Vi dy, L-lysine c6 thé 1am v& mang té bao M. aeruginosa, gitp giam

80% mat do té bao sau 4 ngay tiép xtic [79]. Ngoai ra, amentoflavone tir Selaginella
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tamariscina ciing dugc chimg minh c6 thé pha v& mang té bao cia M. aeruginosa,
v6i hidu qua diét tao 1én dén 95% trong vong 3 ngay [80]. Mot nghién ciru khac cho
thiy rang polyphenol tir Myriophyllum spicatum cb thé e ché quang hop cua M.
aeruginosa, 1am giam 80-90% sinh khdi sau 7 ngay [81].

1.3.3.3.  Phwong phap hoa hoc

Phuong phap hoa hoc st dung cac hop chit hoa hoc dé tiéu diét hodc trc ché sy
phat trién ctia M. aeruginosa. Mot trong nhitng giai phap phd bién nhat 1a oxy hoa
hoéa hoc, str dung cac chat nhu hydrogen peroxide (Hz0:) va ozone (Os) dé pha huy
cAu trac té bao cua M. aeruginosa, giup loai bo ca té bao va doc t do vi khuan nay
tiét ra [69, 75].

Ngoai ra, cac chit diét tao hoéa hoc nhu déng sunfat (CuSOQa.),
peroxymonosulfate (PMS) va peroxydisulfate (PDS) ¢ thé ph4 hily mang té bao cta
M. aeruginosa, ngan chin su phat trién cua ching. Tuy nhién, mot sé hoa chat nhu
ddng sunfat co thé gay anh hudng tiéu cuc dén hé sinh thai thuy sinh, lam tich liy
kim loai nang trong nudc [68]. Mot nghién ctru tai Ha Lan cho thay rang st dung
hydrogen peroxide v&i nong do 2-5 mg/L d3 lam giam mat d6 M. aeruginosa xudng
dudi ngudng gay hai trong vong 24 gio [70]. Bén canh d6, Microcystis aeruginosa
con rat nhay cam voi stress oxy héa va cac tac nhan héa hoc nhu permanganate kali
(KMnOs). Chat nay giy ton thuong dén cdu trac mang té bao, lam giam kha ning
quang hop va gy suy giam manh téc d6 phat trién cta tao, din dén kha ning sir dung

KMnOs dé kiém soat tao nd hoa trong moi truong nude [82].

Viéc sur dung cac chit hoa hoc c6 thé tao ra hiéu qua nhanh chong trén mot
pham vi rong 16n. Tuy nhién, phan 16n cic chit ndy ciing giy ra 6 nhiém thir cp sau
qua trinh tiéu diét vi khuan lam. Do d6, can phai c6 nhitng phuong phap cho hiéu qua
tuong duong, dong thdi, ddm bao tinh than thién v6i moi truong dé xir Iy van dé 6

nhiém do vi khuan lam gay ra.
1.3.3.4.  Phuong phdp sir dung cdc ché pham tir tw nhién

Céc hop chét ty nhién nhu gramine (m6t alkaloid ty nhién) ciing cho thdy kha
nang wc ché sy phat trién ctia M. aeruginosa thong qua viéc tao stress oxy hoa va gay
t6n thuong mang té bao cia tao [83]. Mot nghién ctru khac vé chiét xuét tir Chara
vulgaris, mot loai tdo luc 16n, cling chi ra réng chiét xuét ethyl acetate tir loai tdo nay
6 thé tc ché hiéu qua su phat trién ctia M. aeruginosa, véi ty 18 tc ché 1én dén hon
97% sau 7 ngay xt ly. Két qua phan tich cho thay chiét xuit nay chira cac hop chat
phenolic ¢6 kha ning {rc ché manh sy phat trién cta vi khuan lam, chtimg minh tiém

nang cua Chara vulgaris trong kiém soat tu nhién cac loai tao doc hai [72].
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Ngoai ra, cac hop chét phenolic tir cAy man tu6i (Eupatorium fortunei) ciing da
dugc chimg minh c6 hiéu qué tc ché sy phat trién ciia M. aeruginosa. Pic biét, hop
chét 8,9,10-trihydroxythymol tir loai cdy ndy c6 hiéu qua trc ché manh hon dong
sunfat (CuSOs), mé ra kha ning sir dung cic hop chat ty nhién nay nhu nhitng chét
diét tdo hi¢u qua va than thién vo1 moi truong [84].

Céc nghién ciru trén cho thiy rang viéc sir dung cac chat ty nhién va hop chat
c6 ngudn gdce tw nhién 13 nhimng giai phap day trién vong va than thién v6i méi trudng

de kiém soat su phat trién cua M. aeruginosa trong céac thuy vuc.

1.3.4. Tinh hinh nghién civu vé vi khudin lam M. aeruginosa va cdc phwong phdp
xuw ly 6 Viét Nam

O Viét Nam, nghién ctru vi khuan lam doc ngdy cang dugc quan tim, dic biét
trong hai thip nién tré lai ddy. vi khuan lam doc co thé giy ra nhiing tac dong tiéu
cuc dén da dang sinh hoc va hoat dong cua chudi thirc an trong céac hé sinh thai dudi
nuée, cling nhu viée st dung cac ving nude nay dé 1am thuc pham, nuée udng va
cac muyc dich giai tri khac c6 kha nang gdy nguy hiém. Mot s6 nghién ctru da cho thay
phu dudng va né hoa vi khuan lam ddc hai trong nhiéu ving nuée noi dia & Viét Nam
[85-88]. Cac két qua nghién ctru tai cac hd Ba Bé, ho Tay, hd Hoan Kiém, hd Thac
Mo, hd Nui Cdc, hd Lang, hd Dau Tiéng, ho Tri An ...déu quan sat théy su hién dién
ctia vi khuan lam doc chu yéu 1 cac loai thudc chi Microcystis. Mat d6 vi khuan lam
tai mot sd ho va ho chira & Viét Nam thay ddi rat 16n phu thudc vao thoi gian va dia
diém lay mau. V& doc t6, két qua khao sat tai hd Nti Cdc cho thay co thoi diém, ham
luong microcystin trong nude hd vigt quéa gia tri cho phép cia WHO (> 1pg/L), tiém
an nguy co gy anh huong dén sirc khoe con nguoi, dong vat nudi va dong vat hoang
da khi cung cp nudc hd cho cac muyc dich str dung nhu nude in udng va sinh hoat
[85]. Gan day, cac nghién ctru da cho thiy Microcystis chiém wu thé trong quan xa vi
khuan lam tai ho Dau Tiéng v6i ham lugng microcystin trong nudc dao dong tir 1,10
— 7,48 pg/L, thudng xuyén dat gia tri cao nhét trong khoang tir thang 4 dén thang 7
[86].

Nhiéu phuong phap khac nhau da duoc ap dung dé kiém soat bung né tao & Viét
Nam. St dung vt liéu nano dé kiém soat bung nd vi tao doc M. aeruginosa da duoc
trién khai trong quy mo phong thi nghiém nam 2015 [89]. Nhom nghién ctru da khao
sat anh hudng ctia nano bac, nano déng, nano titandioxide va nano sit 1én sinh truéng
ctia M. aeruginosa. Két qua cho thdy nano dong tai nong do 1 mg/L c6 kha ning tc
ché sinh trudng chon loc 1én ddi twong M. aeruginosa so véi C. vulgaris, tuy nhién

nghién ctru cling chua danh gié toan dién vé mirc d0 an toan sinh thai cua vat liéu Ién
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cac dbi twong khac trong méi truong. Cac két qua sang loc tim kiém cao chiét thuc
vat khac cho théy ¢ kha nhiéu thue vat sin c6 & Viét Nam co tac dung manh nhu cay
c6 130, huong phy, lugc vang, keo, chum ngay, cuc hoa vang,...cho thiy hiéu qua cta
dich chiét tir Bidens pilosa & nong do 250 va 500 mg/L c6 tic dung wrc ché dang ké
dbi voi su phat trién cta M. aeruginosa [90]. Gan day, Pham Thi Thanh va cong su
(2021) di nghién ciru kha ning kiém soat vi khuan lam M. aeruginosa cia dich chiét
tir rom ¢ Viét Nam nham thtr nghiém giai phap xir Iy 6 nhiém tao doc tir ngudn vat
lidu than thién méi trudng [91]. Hai loai nAm Myrothecium verucaria va Emericella
nidulans duoc thir nghiém dé ning cao hiéu qua tach chiét cic hop chit khang tao tir
rom. Dich chiét dugc thu hoach sau cac médc thoi gian 15, 30 va 60 ngay xir ly. Kha
nang tc ché tao cua dich chiét dugc thir nghiém ¢ cac mat d6 10° va 107 té bao tao/L.
Thoi gian kiém soat vi khudn lam cta dich chiét dugce danh gia voi 13 méc thoi gian
(0 gio, 1 gio, 3 gio, 1 ngay, 2 ngay, 3 ngay, 4 ngay, 5 ngay, 6 ngay, 7 ngay, 8 ngay, 9
ngay va 10 ngay sau khi xir ). Két qua nghién ctru cho thdy, dich chiét & nghiém
thirc 60 ngay c6 bd sung ndm M. verucaria thu duoc ham luong cac hop chét khang
vi khuan lam cao nhat va c6 kha ning @c ché sy phat trién cta vi khuan lam trong 6

ngay dau thir nghiém.

Nghién ctru str dung cac cao chiét va hop chit c6 ngudn gdc thyc vat e ché su
sinh trudng cta vi khuan lam doc M. aeruginosa di dugc nhom nghién ciru cua PGS.
TS. Nguyén Tién Pat bat dau tir naim 2013 [92]. Cao chiét cAy man tuéi c6 tac dung
trc ché hiéu qua su sinh truong M. aeruginosa ma tac dong khong dang ké dén
Daphnia magna trén md hinh md phong moéi truong ty nhién véi ngudn nude hd Hoan
Kiém va hd Lang di duoc chimg minh [84, 92]. Két qua thir nghiém sinh hoc cho
thiy cao chiét ethanol toan phan tir bd phan trén mit dt cua ciy man tudi thé hién
kha nang tc ché 16 rét ddi v6i M. aeruginosa, véi gia tri ICso dat 119,3 pg/mL sau 96
gid xtr Iy. O ndng d6 200 pg/mL, ti 1 e ché dat 62,48%, va ting 1én dén 84,66% khi
noéng d6 dugc nang 1én 400 pg/mL. Pang chu ¥, ciing nong do nay hau nhu khong
gy anh huéng dén sy sinh trudng cia cac loai phi myc tiéu nhu Chlorella vulgaris

va Lemna minor, cho théy tinh chon loc sinh hoc cao [84].
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CHUONG 2. POI TUQNG, PHUONG PHAP NGHIEN CUU VA
THUC NGHIEM

2.1. Poi twong nghién ciru

Mau hoa cua cdy Cuc hoa vang Chrysanthemum indicum duogc thu hai vao thang
12 nam 2021, thoi diém hoa né ro (Hinh 2.1), tai Hung Yén. Mau 14 keo tai tuong
(Acacia mangium) duge thu hai vao thang 06 nim 2020 tai Thach That, Ha Noi. Cac
mau thyc vat do TS. Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén sinh vat, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam giam dinh. Cac mau tiéu ban duoc luu
giit tai Vién Hoa hoc cac Hop chat thién nhién va Trung tAm nghién ctru va Phat trién
cong nghé cao, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

(b)
Hinh 2.1.Mau (a) hoa ciic vang va (b) keo tai twong

2.2. Nguyén liéu, vat liéu va thiét bi

2.2.1. Thiét bi, dung cu va héa chit ding trong phén ldp va xdc dinh ciu triic

cdc hop chit

—  Ban méng trang sdn TLC Silica gel 60 Fas4 (Merck).

—  Silica gel 60 v6i kich thude hat 0,040-0,063 mm (240-430 mesh ASTM)
(Merck, CHLB btic); LiChroprep® RP-18 (40-63 pm) (Merck, CHLB btic); Diaion
HP-20 (Merck, CHLB brc).

—  Thiétbi do phé NMR: Cac phd cong hudng tir hat nhan duoc do trén may Bruker
Advance 500 MHz va Bruker Advance 600 MHz (chat chuan noi 1a Tetramethylsilane
- TMS) tai Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

—  Thiét bi HR-ESI-MS: Agilent 6530 iFunnel Q-TOF LC/MS cua Vién Hoa sinh
bién.

—  Thiét bj ESI-MS: Thermo LCQ Fleet LC/MS tai Trung tim Nghién ctru va Phat

trién cong nghé cao, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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—  Thiét bi do dd quay cuc: May JASCO P-2000 polarimeter, tai Vién Hoa sinh
bién, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

—  Hé théng sic ky 1ong hiéu nang cao Thermo Ultimate 3000 két ndi véi detector
DAD cung loai.

—  Cot sac ky diéu ché YMC ODS-A 250x20 mm, 5 pm.

—  Dung cu, thiét bi tach chiét, phan 1ap: bé rung si€u am (Daihan Scientific), hé
théng cat quay chan khong (Buchi R300), hé théng hing mau ty dong (EYELA
fraction collector DC-1200), dén tir ngoai hai budc song 254 nm va 365 nm, cot sic
ky, binh trién khai sic ki va cac dung cu thi nghiém khac.

—  Hoba chit: cac dung moéi methanol, n-hexane, ethyl acetate, dichloromethane,

acetone, thudc thir cerin sulphate, thude thir vanillin, thude thir H2SO4 10%.
2.2.2. Thiét bi, dung cu va héa chit diing trong phép thir hoat tinh sinh hoc
—  May doc phién 96 giéng (BioTek Synergy HTX, Agilent, M¥).
—  Bé 6n nhiét.
—  Phién 96 giéng da xir Iy bé mat (SPL Life Sciences, Han Qudc).
—  Micropipetes, pipettes da kénh; dau tip micropipette (Isolab, Dric).
—  Eppendorf tube 1,5 va 2,0 ml.
2.3. Phuong phap nghién ciru
2.3.1. Cdc phwong phdp phan lgp cdc hop chit tw nhién
Céc phuong phap dugc str dung trong qué trinh phan 14p cac hop chit bao gém:
—  Séc ky 16p mong (TLC).
—  Sicky cot (CC) voi cac chat hdp phu phd bién nhu silica gel, RP-C18, Sephadex
LH-20, Diaion HP20.
—  Séc ky 16ng hiéu ning cao diéu ché (prep-HPLC)
—  Sic ky long hiéu nang cao (HPLC)
2.3.2. Cdc phwong phdp xdc dinh céu triic cdc hop chit
Céu tric ctia cac hop chét phan lap duoc xac dinh cau tric dua vao dit liéu cia
cac phuong phép phan tich hoa 1y hién dai nhu cong hudng tir hat nhan (NMR), khéi
phé (ESI-MS), phuong phap do d6 quay cuc.
2.3.3. Phwong phdp téi wu hod ty 1¢ phoi tron
Céc hdn hop chira day di ba loai cao chiét tir 14 man tudi (Eupatorium fortune
hay Ef), 14 keo tai tugng (Acacia mangium hay Am) va hoa cuc vang

(Chrysanthemum indicum hay Ci). Ti 18 phdi tron cac cao chiét trong thi nghiém dugc
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xac dinh bang cach st dung mé hinh Simplex Lattice Design (SLD) trén phin mém
Design Expert 12.0 (Stat-Ease, Inc., Minneapolis, M¥). Theo do, ti 1& phan trim vé
khéi lugng ciia mdi cao chiét trong hdn hop dao dong trong khoang 5-90%.

A: Eupatoriumfortune (%)
90

R4,R5

R18 RS

®_R12,R19

R15,R20 R2,R17

0 R6 5 R16 90

B: Acaciamangium (%) C: Chrysanthemum indicum

Hinh 2.2. Thiét ké thi nghiém theo mé hinh SLD
Ti 1é chi tiét mdi cao chiét trong hdn hop trong thi nghiém duoc xay dung nhu
bang biéu dién dudi day:

Bdng 2.1. Ti Ié phan tram cdc cao chiét trong hon hop khdo sdt

STT % Eupatorium %Acacia %Chrysanthemum
fortune mangium indicum
1 5,00 61,67 33,33
2 5,00 5,00 90,00
3 90,00 5,00 5,00
4 61,67 19,17 19,17
5 33,33 5,00 61,67
6 90,00 5,00 5,00
7 33,33 61,67 5,00
8 19,17 19,17 61,67
9 19,17 61,67 19,17
10 33,33 33,33 33,33
11 5,00 90,00 5,00
12 61,67 5,00 33,33
13 5,00 33,33 61,67
14 5,00 90,00 5,00
15 5,00 61,67 33,33
16 33,33 33,33 33,33
17 61,67 33,33 5,00
18 5,00 5,00 90,00
19 61,67 33,33 5,00
20 61,67 5,00 33,33
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Két qua cac thi nghi¢m trén dugc sir dung lam co s¢ dir liéu dé xac dinh ti 18
phéi tron tdi wu cta ché phém diét tdo. Sau do, ty 1€ t8i wu ctia mdi cao chiét thuc vat
trong cac ché pham diét tao dugc xac dinh bing phwong phap Bé mit dap ung
(Response surface method - RSM). Céc thi nghiém thiét ké hdn hop dugc thiét ké va
phan tich bang phin mém Design Expert 12.0 (Stat-Ease, Inc., Minneapolis, M¥).

Danh gia chit luong cua cac mé hinh dugc kiém tra bang phan tich phuwong sai
(ANOVA) théng qua kiém dinh Fisher (F-value), gia tri xac suit (p-value), va y nghia
ctia d6 khong phu hop (lack-of-fit) dé xac dinh liéu mé hinh c6 tom tit chinh xéac két
qua cua thiét ké thi nghiém hay khong. Ngoai ra, cac hé s6 hdi quy da tuyén tinh (R?),
hé s6 du doan (R? prdicted), va hé sb diéu chinh (R? adjusted) ciing dugc sir dung dé

kiém tra chat lugng du bao cua cac moé hinh dugc chon.

2.3.4. Phwong phdp ddnh gid hoat tinh irc ché vi khudn lam Microcystis

aeruginosa

M. aeruginosa thudc nhém tao don bao, nén mat do té bao c6 thé dém truc tiép
& budng dém Sedgewick- Rafter (20 mn x 50 nm x 1 nm). S6 luong té bao dugc dém
trong 1ml dudi kinh hién vi quang hoc Olympus-BX51, Japan va két qua mat do té
bao dugc tinh theo cong thirc nhu sau:
No(mL™)=(Cx1000)/(L-D-W-S)

Trong do:

- C:s0 lugng t€ bao dém duoc
- L: chiéu dai ctia mdi thuée

- D: chiéu sau cua thudce

W: chi€u rong cta thude

- S:56 06 dém
- Xac dinh sinh truéng thong qua do méat do quang:

M. aeruginosa dugc nudi trong moi trudng dinh dudng Sorokin va Krauss. Mau
nudi cay ching M. aeruginosa c6 bd sung hop chat tai cac nong do twong tng duoc
thu & cac thoi diém khao sat (TO, T3, T6, va T10). Mau dich nubi cdy dugc 1iy vao
giéng cua dia 96 giéng & cac thoi diém thu miu. Sau d6 mau dugc dem do mat do
quang ¢ may doc khay da ning ¢ budc séng 680 nm véi d6 lap 3 lan. Hiéu qua tc
ché sinh truong IE (Inhibition efficiency) duoc tinh theo cong thirc:

5,1 _ OD (Vo)—0D(Vt)
IE (%) oD(Vo) x 100




33

Trong do:

« OD(Vo): gia tri do mat d6 quang ctia mau ddi chirng khong bd sung hop chat
(coi néng do cac hop chat 13 0 pg/mL)

« OD(V)): gi tri do mat do quang ctia mau bd sung hop chét véi ndng do tuong
ung
2.4. Thuc nghiém
2.4.1. Phan lap cdc hop chit tir ciic hoa vang (Chrysanthemum indicum)

Trudc khi nghién ctru vé thanh phan hoa hoc, thir nghiém sang loc da duoc tién
hanh dé so sanh hiéu qua e ché vi khuan lam M. aeruginosa cta cao chiét ctic hoa
vang bang phuong phap thudng quy (st dung methanol) va cta cao chiét theo phuong
phap dun hdi lwu v6i HCI IN (phuwong phap cu thé duge mé ta & phan sau). Két qua
sang loc di cho thdy, cao chiét theo phwong phap dun hdi luu véi HCI IN cho thay
hoat tinh @rc ché M. aeruginosa tét hon c6 ¥ nghia thong ké (p < 0,01) so v&i cao chiét
theo phwong phap thong thudng. Mic du viy, viée st dung HC1 IN c¢6 thé giy ra
nhirng thay d6i vé thanh phan hoa hoc cia miu thuc vat. Do d6, dé dam bao tinh
khach quan cua dir li¢u vé thanh ph?m hoé hoc ctia mau thyc vat, ciing nhu tinh da
dang vé thanh phan cta cac cao chiét ching t6i tién hanh phan l4p va xac dinh ciu

triic cua cao chiét bang ca hai phuwong phap.

D6i voi phuong phap dun hoi luu trong HCl IN, miu hoa clc vang
(Chrysanthemum indicum) sau khi dugc sdy kho va nghién thanh bot (1,2 kg) duoc
dun hoi lvu véi dung dich HCI IN (2 lit) trong vong 4 gio. Sau khi 1am nguoi, dung
dich axit duoc trung hoa vé pH 7,0 bang dung dich NaOH 1N, r6i dugc chiét bang
ethyl acetat (EtOAc) ba lan, mdi lan 1 lit. Cac 16p dung méi hitu co dugc gop lai va
o dic dudi ap suat giam, thu duoc cao chiét tho (232 g). Cao thd nay duoc phéan tach
bang sac ky cot silica gel, sit dung hé dung moi methanol trong dichloromethane véi
gradient tir 0 dén 100%, thu dugc nam phan doan chinh (F1-F5). Hop chat CI1 (20,0
mg) dugc phan lap tir phan doan F1 qua sac ky cot silica gel, 1an luot sir dung dung
moi dichloromethane 100% va hdn hop n-hexane:ethyl acetat (2:1, v/v). Phan doan
F2 tiép tuc duoc tach bang siac ky cot silica gel v6i hé dung méi
dichloromethane:methanol (6:1, v/v), thu dugc hai phan doan phu F2.1 va F2.2. Hop
chat CI2 (6,5 mg) dugc tinh ché tir phan doan F2.2 bang sic ky dao pha (RP-C18),
st dung hé dung mo6i methanol:nudc (1:3, v/v). Phan doan F3 dugc phan tach bﬁng
sac ky cot silica gel, str dung hé dung mdi dichloromethane:methanol (5:1, v/v) thu
dugc hop chat CI3 (7,2 mg) va sau phan doan khac (F3.2-F3.7). Phan doan F3.2 dugc
phan tach trén hé thong sic ky diéu ché prep-HPLC véi chuwong trinh dung méi 120
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phut, gradient methanol 40-100% (trong nudc) véi toe do dong 4 mL/phut thu duoc
hai hop chat CI4 (2,0 mg) va CI5 (4,8 mg).

Hoa cac vang (Chrysanthemum indicum) (1,2 kg bot kho )
1. +HCIIN (2L x4h)
2 +NaOH IN 3 pH7
3. +EtOAc (1L x 3 lén)
[ .
Dich nuéc (bd) Cao chigt EA
CC, silica gel, D/ 10040 — /100, vy

[ I [ I 1

E1 E2 E3 E4 ES
cc, silica gel, | CC, silica gel, DM 571, wiv

D 100% > HEA r—l—\ T T T 1

(241, wiv) E2.1 E2.2 Cl3 E3.2 E3.3-3.6 E3.7

ci cc, RP-C18 (7.2 mg) prep-HPLC, 120 phit,
MWV 173, vio) MeOH 40-100%
(20,0 mg)
cl2 cl4 Ci5
(6,5 mg) (2,0 mg) (4,8 mg)

Hinh 2.3. So dé phan lgp ciic hoa vang dwoc chiét xudt bang HCI IN

Doi véi phuong phap chiét xuat thuong quy véi methanol, 1,5 kg bot hoa cic
vang duoc chiét v6i 10L methanol dudi tac dung ciia song siéu am trong 1h sau do
loc 14y dich. Quy trinh chiét duoc lap lai thém ba 1an d6i v6i ba thu duoc. Phan dich
loc duoc cat loai bét dung mdi vé thé tich 3L dudi ap sudt giam rdi chiét phan bd voi
hexane (3L). Sau d6, tién hanh tach hai pha va cit loai hoan toan dung méi, thu duoc
can hexane (45 g) va cin MeOH (78 g). Cao chiét MeOH dugc phan tach trén cot sic
ky silica gel, sir dung h¢ dung modi methanol trong dichloromethane véi gradient tir O
dén 100%, thu duoc bay phan doan chinh (MF1-MF7). Phian doan MF3 dugc phin
tach trén coOt sic ky silica gel voi hé dung moéi dichloromethane:methanol (10:1, v/v),
thu duogc hop chat CI4 (3,0 mg). Phan doan MF2 dugc phan tach trén cot sdc ky
silica gel vo1 hé dung moi ethyl acetate:methanol (20:1, v/v), thu duoc hop chat CI5
(5,2 mg). Phan doan MF6 dugc phan tach trén cot sic ky silica gel voi hé dung moi
dichloromethane:methanol:nuéc (5:1:0,1, v/v/v) thu dugc hop chat CI6 (4,5 mg).
Phan doan MF4 dugc phan tich trén cot sic ky silica gel v&1 hé dung modi
dichloromethane:methanol:nuéc (7:1:0,05, v/v/v) sau d6 tinh ché lai trén hé théng
sic ky diéu ché prep-HPLC véi chuong trinh dung méi 120 phut, gradient methanol
30-80% (trong nudc) véi toc do dong 4 mL/phat thu duge ba hop chat CI7 (3,1 mg),
CI8 (3,8 mg) va CI9 (2,5 mg).
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1. +MeOH10Lx3ldn
2. Catloai bot MeOH ve the tich 3L

Dich chiét MeOH (376.9 g)
1. +3L hexane x 3 lan

L
Cao chiét Hexane (45 g) Can MeOH (78g)
| CC, silica gel, D/M 10040 — 0/100, v/v
I I I I I I I

MF1 MF2 MF3 MF4 MF5 MF6 MF7
CC, silica gel, ‘ CC, silica gel, D/M | 1. CC, silica gel, DAMW 7/1/0,05, viiv ‘ CC, silica gel,
EAM 2071, viv 10/1, viv 2. prep-HPLC, MeQH 30-80%, 4 mL/min D/MW B/1/0,1, viviv
[ T 1
CI5 Cl4 cr7 cis cl9 Cl6
(5,2 mg) (30mg) (45mg)  (3,8mg) (2,5 mg) (4,5 mg)

Hinh 2.4. So dé phdn Idp ciic hoa vang dwoc chiét xudt bang methanol

2.4.2. Phan ldp cdc hop chit tir loai keo tai twong (Acacia mangium)

Mau 14 keo tai twong sau khi duoc siy kho va xay nhé (3,8 kg) dugc tién hanh
chiét vai dung méi methanol (MeOH, 8 L x 3 lﬁn). Dich chiét thu dugc duoc ¢o dic
dudi ap suat giam, thu dugc 367,9 g cao chiét methanol. Cao nay duoc hoa tan trong
nudc, sau d6 tién hanh chiét phan doan tuan ty véi n-hexane (H) va ethyl acetate (E),

thu dugc cao chiét n-hexane (130,8 g) va cao chiét ethyl acetate (55,5 g).

Phan dich nuéc duge xir Iy qua cot Diaion, loai bo dich rira v6i nude va thu hdi
phan rira bang MeOH 100%. Tiép tuc phan tach bang sic ky cot silica gel, sir dung
hé dung moi gradient dichloromethane va methanol tir 100:0 dén 0:100 (v/v), thu
duoc sau phan doan, ky hiéu tr AMW1 dén AMW6. Phan doan AMW1 dugc phan
tach trén sic ky diéu ché prep-HPLC vé&i chuwong trinh dung mdi 20-65% MeOH trong
120 phut, téc do dong 4 mL/phit, sir dung c6t YMC-ODS-A (250 x100 mm, 5 pwm)
thu duoc ba hop chat AM1 (2,5 mg), AM2 (3,6 mg) va AM3 (6,1 mg). Phan doan
AMWS3 duogc tiép tuc phan tach trén cot RP-C18 va rira giai v6i hé dung moi gdm
methanol va nudce (1/1, vA/) thu duge hop chit: AM4 (4,0 mg). Phan doan AMW4
dugc phén tach trén cot sic ki silica gel voi pha dong 1a dichloromethane/acetone
(2/1, vAv/) sau d6 tinh ché lai trén cot sic ki Sephadex LH-20 rira giai bang hé dung
moi methanol/nude (1/1, vA/) thu dugc hop chat AMS (5,5 mg).

Cao ethyl acetate dugc phan tach trén cot silica gel thuong voi hé dung méi
gradient n-hexane/acetone (50/1— 1/1, v/v), thu dugc chin phan doan AME 1 dén
AME 9. Phan doan AME 2 tiép tuc duoc phan tach trén cot silica gel voi véi gradient
dung méi ethyl acetate/methanol (10/1 — 1/1, v//) phén 1ap duoc 2 chat sach 1a AM6
(5,8 mg) va AM7 (6,8 mg). Tr phan doan AME4, hop chit AM8 (7,2 mg) dugc phan
1ap bang cach phan tach trén cot sic ki silicagel va rira giai bang hé dung méi gdm
dichloromethane/ methanol/nuéc (8/1/0,05, v/A/). Hop chat AM9 (7,4 mg) duoc phan
tach tir phan doan AMES5 trén cot sdc ki v6i pha tinh 1a silica gel va rira giai bing pha

dong gom dichloromethane va ethyl acetate (2/1, v/). Phan doan AME7 dugc phin
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tach trén hé thong sic ky diéu ché (prep-HPLC) v6i chuong trinh dung méi 25-55%
MeOH trong 120 phut, tbc d6 dong 4 mL/phut, sir dung cot YMC-ODS-A (250 x100
mm, 5 um) thu duoc hop chat AM10 (3,6 mg). Phian doan AME 1 dugc phan tach
trén cot silica gel voi voi gradient dung moi n-hexane/acetone (10/1, v/v) thu cht
sach 1a AM11 (5,1 mg)

L4 keo tai twrgng (Acacia mangium)
3,8 kg
+MeOH 8L x 3 Ién
Cao chiét MeOH (3769 g)
|+ H,0
+ n-Hexane

) [ |
Cao chiét Hexane (130,8 g) Dich nwéc

+EA
I ]
Dich nwoc Cao chiet EA (55,5 g)
CC, Diaion HP-20, MA 07100 — 100/0, v/ | CC, silica gel, H/A 50¢1 — 1/1, viv
Phén doan nwéc ‘ ‘ l | | ! l l
‘ CC ;@, A 1000 — /100, v AME1 AME2 AME3  AME4 AME5 AME6 AME7 AMES-9
; d - ) , 3 prep-HPLC,
‘ I I ‘ | oy e | cc, siica get, Ead CC, siicagel | GG, sica ge, 1eOH 25-
AMWY  AMW2  AMWE  AMWA AMW5-6 01, i | 1011 1620,1, wire| OF Y s
prep-HPLC, MeOH C%C: A’;fa’[ 1. CC, silica gel, DA 2/1, viv
30-80%, 4 mL/mir : 2. CC, Sephadex LH-20,
el I Yy et AME AM7 AMS AMO AM10
AW AMZ AM3 AN AMS (5,8 mg) (6,8 mg) (7,2mg) (7,4 mg) (3,6 mg)
2,5 mg) (3,6 mg) (6,1 mg) (4,0 mg) (5,5 m:
( 9) ( g)( g) ( g) ( g) AMT1
(5,1 mg)

Hinh 2.5. So dé phdn ldp mdu keo tai twong
2.4.3. Théng sé vt Iy va cdc dit liéu phé cdc hop chit phin lip dwoc
2.4.3.1. Théng s6 vdt Iy va dir liéu phé cdc hop chdt phan ldp tiv ciic hoa vang
(Chrysanthemum indicum)

Methyl (E)-3-((5-(methoxymethyl)furan-2-yl)methylene)-4-oxopentanoate
(CI1): chét ran mau trang; "H NMR (500 MHz; CDCls): du 7,35 (1H; s; H-4); 6,69
(1H; d; J = 3,5 Hz; H-6); 6,45 (1H; d; J = 3,5 Hz; H-7); 4,18 (2H; s; H-9); 3,80 (2H;
s; H-2); 3,38 (3H; br s; 9-OCH3); 3,67 (3H; br s; COOCH3); 2,44 (3H; br s; H-11),
13C NMR (125 MHz; CDCls): ¢ 171,5 (C-1); 32,0 (C-2); 130,7 (C-3); 128,4 (C-4);
150,7 (C-5);117,6 (C-6); 111,7 (C-7); 155,1 (C-8); 66,4 (C-9); 197,9 (C-10); 25,2 (C-
11); 58,2 (OCH3); 51,9 (COOCH3), HR-ESI-MS m/z: 253,1071 [M + H]" (calcd
253,1076; Ci3H170s5).

Methyl (£)-3-((5-(methoxymethyl)furan-2-yl)methylene)-4-oxopentanoate
(CI2): chat ran mau trang; 'H-NMR (500 MHz; CDCl3): 3,43 (2H; d; J = 1,0 Hz; H-
2); 6,46 (1H; br s; H-4); 6,53 (1H; d; J = 3,5 Hz; H-6); 6,36 (1H; d; J = 3,5 Hz; H-
7); 4,36 (2H; s; H-9); 2,37 (3H; br s; H-11); 3,35 (3H; br s; 9-OCHs); 3,69 (3H; br s;
COOCH3), *C-NMR (125 MHz; CDCl3): 171,1 (C-1); 41,0 (C-2); 133,0 (C-3);
122,0 (C-4); 149,8 (C-5); 113,7 (C-6); 111,3 (C-7); 153.,4 (C-8); 66,3 (C-9); 204,3
(C-10); 29,9 (C-11); 58,0 (9-OCH3); 52,1 (COOCH3), HR-ESI-MS m/z: 253,1084 [M
+ H]" (caled 253,1076; C13H170s5).
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Methyl (E)-3-(furan-2-ylmethylene)-4-oxopentanoate (CI3): chit rin mau
tréng; "H-NMR (500 MHz; CDCl): 3,82 (2H; s; H-2); 7,36 (1H; s; H-4); 6,72 (1H;
d; J = 3,5 Hz; H-6); 6,52 (1H; dd; J = 3,5; 1,5 Hz; H-7); 7,57 (1H; d; J = 1,5 Hz; H-
8); 2,45 (3H; br s; H-11); 3,67 (3H; br s; COOCH3), *C-NMR (125 MHz; CDCls):
171,6 (C-1); 32,0 (C-2); 130,7 (C-3); 128,4 (C-4); 150,7 (C-5); 117,0 (C-6);, 112,4
(C-7); 145,3 (C-8); 198,1 (C-10); 25,5(C-11); 52,0 (COOCH3), HR-ESI-MS m/z:
208,0742 [M + H]" (caled 208,0736; C11Hi204).

Acacetin (CI4): chat bot mau vang, "H NMR (500 MHz; DMSO-d): § 6,84 (1H;
s; H-3); 6,20 (1H; d; J = 2,0 Hz; H-6); 6,50 (1H; d; J = 2,0 Hz; H-8); 8,04 (2H; d; J
= 9,0 Hz; H-2"; H-6'); 7,10 (2H; d; J = 9,0 Hz; H-3'; H-5"), 3,86 (3H,s,H-7"). 13C
NMR (125MHz; DMSO-dg): 163,3 (C-2); 103,5 (C-3); 181,7 (C-4); 161,4 (C-5); 98,9
(C-6); 164,2 (C-7); 93,9 (C-8); 157,3 (C-9); 103,7 (C-10); 122,8 (C-1"); 128,3 (C-2");
114,6 (C-3"); 162,3 (C-4"); 114,6 (C-5"); 128,3 (C-6"), 55,5 (C-7").

Apigenin (CI5): tinh thé mau vang, '"H NMR (500 MHz; DMSO-ds): J 6,76
(1H; s; H-3); 6,18 (1H; d; J = 2,0 Hz; H-6); 6,47 (1H; d; J = 2,0 Hz; H-8); 7,91 (2H;
d;J = 8,5 Hz; H-2'; H-6"); 6,91 (2H; d; J = 8,5 Hz; H-3'; H-5"), *C NMR (125MHz;
DMSO-ds): 163,7 (C-2); 102,8 (C-3); 181,6 (C-4); 161,4 (C-5); 98,8 (C-6); 164,1 (C-
7); 93;9 (C-8); 157,2 (C-9); 103,6 (C-10); 121,1 (C-1"); 128,4 (C-2"); 115,9 (C-3");
161,1 (C-4"); 115,9 (C-5"); 128,4 (C-6").

Acacetin 7-O--D-glucopyranoside (CI6): Chat bot mau vang, ESI-MS m/z
447,1 [M+H]", '"H NMR (500 MHz; DMSO-dg): 6 8,05 (2H; d; J = 9,0 Hz; H-2'; H-
6"); 7,12 (2H; d; J = 9,0 Hz; H-3'; H-5"); 6,94 (1H; s; H-3); 6,85 (1H; d; J = 2,0 Hz;
H-8); 6,45 (1H; d; J = 2,0 Hz; H-6); 5,07 (1H; d; J = 6,5; H-1"); 3,86 (3H; br s;
OMe), 3C NMR (125 MHz; DMSO-ds): 163,8 (C-2); 103,7 (C-3); 181,9 (C-4); 161,0
(C-5); 99,4 (C-6); 163,8 (C-7); 94,9 (C-8); 156,9 (C-9); 105,3 (C-10); 122,6 (C-1");
128,4( C-2'"; 6"); 114,6 (C-3'; 5"); 162,4 (C-4"); 99,7 (C-1"); 73,0 (C-2"); 77,1 (C-3");
69,5 (C-4"); 76,4 (C-5"); 60,6 (C-6").

Acacetin 7-O-rutinoside (CI7): Chat bot mau vang, ESI-MS m/z 593,3 [M+H]",
"H NMR (500 MHz; DMSO-ds): & 6,93 (1H; s; H-3); 6,45 (1H; d; J = 1,5 Hz; H-6);
6,79 (1H; br s; H-8); 8,06 (2H; d; J = 8,5 Hz; H-2'; 6); 7,16 (2H; d; J = 8,5 Hz; H-
3';5"; 5,06 (1H; d; J = 7,0 Hz; H-1"); 4,54 (1H; br s; H-1"""); 1,08 (3H; J = 6,0 Hz;
H-6"); 3,86 (3H; 4'-OCH3), *C NMR (125 MHz; DMSO-dc): & 164,0 (C-2); 103,8
(C-3); 182,0 (C-4); 157,0 (C-5); 100,5 (C-6); 162,9 (C-7); 94,9 (C-8); 161,1 (C-9);
105,5 (C-10); 122,7 (C-1"); 128,5 (C-2'; 6); 114,7 (C-3"; 5"); 162,4 (C-4"); 99,7 (C-
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1"); 73,1 (C-2"); 76,2 (C-3"); 69,6 (C-4"); 75,7 (C-5"); 66,5 (C-6"); 100,0 (C-1");
70,7 (C-2""); 70,3 (C-3""); 72,1 (C-4""); 68,3 (C-5"); 17,7 (C-6""); 55,6 (4'-OCHj).

Apigenin 7-O--D-glucopyranoside (CI8): Chit bot mau vang, '"H NMR (500
MHz; DMSO-ds): 6 12,9 (1H; s; 5-OH); 7,95 (2H; d; J = 8,5 Hz; H-2'; 6'); 6,98 (2H;
d; J = 8,5 Hz; H-3"; 5"); 6,85 (1H; s; H-3); 6,83 (1H; d; J = 2,0 Hz; H-8); 6,43 (1H;
d; J = 2,0 Hz; H-6); 5,06 (1H; d; J = 8,0 Hz; H-1"), '3C NMR (125 MHz; DMSO-
ds): 162,9 (C-2); 103,0 (C-3); 182,0 (C-4); 161,5 (C-5); 99,5 (C-6); 164,3 (C-7); 94;8
(C-8); 156,9 (C-9); 103,0 (C-10); 120,8 (C-1"); 128,5 (C-2";6"); 116,0 (C-3";5"); 161,0
(C-4); 99,8 (C-1"); 73,1 (C-2"); 77,1 (C-3"); 69,5 (C-4"); 76,4 (C-5"); 60,5 (C-6").

p-Hydroxybenzoic acid (CI9): chat bot mau tring, '"H NMR (500 MHz; DMSO-
de): 7,79 (2H; d; J = 8,5 Hz; H-2; 6); 6,82 (2H; d; J = 8,5 Hz; H-3; 5), 3C NMR
(125MHz; DMSO-ds): 167,1 (COOH); 161,5 (C-4); 131,4 (C-2; 6); 115,0 (C-3; 5);
121,2 (C-1).

2.4.3.2. Théng s6 vdt Iy va dir liéu phé cdc hop chdt phén Idp tir keo tai twong (Acacia

mangium)

Acacienoside A (chat méi AM1): Chét dang bt mau tring, [a]2° -12,6 (¢ 0,1,
MeOH). HR-ESI-MS m/z: 515,2417 [M+CI] (caled 515,2411; CaHaoOsCl). 'H-
NMR (600 MHz, CD;OD): ¢ 1,14 (1H; m; H-1a), 1,82 (1H; m; H-1b), 1,75 (1H; m;
H-2a), 2,05 (1H; m; H-2b), 3,22 (1H; dd; J = 1,2; 7,6 Hz; H-3), 0,95 (1H; m; H-5),
1,54 (1H; m; H-6a), 1,80 (1H; m; H-6b), 1,15 (1H; m; H-7a), 2,23 (1H; m; H-7b),
2,45 (1H; m; H-8), 1,09 (1H; m; H-9), 1,20 (1H; m; H-11a), 2,15 (1H; m; H-11b),
4,50 (1H; br m; H-12), 2,52 (1H; m; H-15a), 2,63 (1H; m; H-15b), 2,40 (2H; m; H-
16), 1,08 (3H; s; H-18), 0,91 (3H; s; H-19), 0,97 (3H; s; H-20), 4,34 (1H; d; J = 7.8
Hz; H-1"), 3,22 (1H; m; H-2"), 3,37 (1H; m; H-3"), 3,27 (1H; m; H-4"), 3,31 (1H; m;
H-5"), 3,69 (1H; dd; J = 5.,4; 12,0 Hz; H-6'a), 3,87 (1H; dd; J = 2,4; 12,0 Hz; H-6'b).
BC-NMR (150 MHz, CD30D): 6 38,1 (C-1), 27,3 (C-2), 90,4 (C-3), 40,5 (C-4), 55,6
(C-5), 22,4 (C-6), 31,4 (C-7), 40,3 (C-8), 53,1 (C-9), 37,2 (C-10), 32,8 (C-11), 66,4
(C-12), 140,3 (C-13), 182,3 (C-14), 27,8 (C-15), 36,3 (C-16), 211,3 (C-17), 28,4 (C-
18), 16,8 (C-19), 14,5 (C-20), 106,7 (C-1"), 75,6 (C-2"), 78,3 (C-3"), 77,7 (C-4"), 71,7
(C-5"), 62,8 (C-6").

Acacionoside 3-glucoside (chit m&i AM2): Chit rin mau tring. HR-ESI-MS
m/z: 425,1948 [M+CI] (caled 425,1942; Ci9H3405Cl). 'H-NMR (600 MHz,
Pyridine-ds): 0 2,14 (1H, m; H-2a), 2,00 (1H; m, H-2b), 4,81 (1H; m; H-3), 2,41 (1H,
m; H-4a), 2,16 (1H, m; H-4b), 2,35 (1H, m; H-7a), 1,93 (1H, m; H-7b), 1,84 (1H, m;
H-8a), 1,43 (1H, m; H-8b), 4,01 (1H; m; H-9), 1,20 (3H; d; J = 7,2; H-10), 0,94 (3H;
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s; H-11), 1,3 (3H; s; H-12), 1,34 (3H; s; H-13), 5,00 (1H; d; J = 9,0 Hz; H-1"), 4,45
(1H, m, H-2"), 4,34 (1H, m, H-3"), 4,26 (1H, m, H-4"), 4,18 (1H, m, H-5"), 4,04 (2H,
m, H-6'). 3C-NMR (150 MHz, Pyridine-ds): 6 41,1 (C-1), 45,3 (C-2), 72,4 (C-3),
43,3 (C-4), 76,2 (C-5), 89,9 (C-6), 27,7 (C-7), 35,9 (C-8), 77,1 (C-9), 21,0 (C-10),
28,4 (C-11), 25,1 (C-12), 28,3 (C-13), 102,5 (C-1"), 78,6 (C-2"), 76,1 (C-3"), 75,4 (C-
4, 71,7 (C-5"), 62,8 (C-6").

5-megastigmene-3,9-diol 3-O-8-D-glucopyranoside (AM3): Chit ran khong mau. 'H
NMR (600 MHz; CD3;OD) ¢: 1,85 (1H; m; H-2a), 1,54 (1H; m; H-2b), 4,08 (1H;
dddd; J = 12,0; 9,0; 5,4; 3,6 Hz; H-3), 2,37 (1H; ddd; J = 4,8; 15,6; 12,6; H-4a), 2,01
(1H; ddd; J = 4,8; 15,6; 1,2; H-4b), 2,03 (1H; m; H-7a), 2,16 (1H; m; H-7b), 1,49
(2H; m; H-8), 3,71 (1H; m; H-9), 1,17 (3H; d; J = 6,1 Hz; H-10), 1,09 (3H; s; H-11),
1,07 3H; s; H-12), 1,61 (3H; s; H-13), 4,45 (1H; d; J = 7,8 Hz; H-1"), 3,18 (1H; m;
H-2"), 3,40 (1H; m; H-3"), 3,30 (1H; m; H-4"), 3,34 (1H; m; H-5"), 3,89 (1H; dd; J =
2,4;12,0; H-6'a), 3,73 (1H; dd; J = 6,0; 12,0; H-6'b). 3C NMR (150 MHz; CD30D),
0: 39,0 (C-1), 47,2 (C-2), 73,2 (C-3), 39,7 (C-4), 125,0 (C-5), 138.,4 (C-6), 25,7 (C-
7), 40,8 (C-8), 69,4 (C-9), 23,1 (C-10), 28,7 (C-11), 30,4 (C-12), 20,4 (C-13), 102,1
(C-1", 75,3 (C-2"), 78,1 (C-3"), 71,5 (C-4"), 77,8 (C-5"), 62,8 (C-6").

Kaempferol-3-O-a-L-rhamnopyranosyl-(1->6)-O-[a-L-rhamnopyranosyl
(1>2)]-0-p-D-galactopyranoside (AM4): Chét rin mau tring, ESI-MS m/z 741,22
[M + HJ". CTPT C33H4NO19. 'H-NMR (600 MHz, CD30D): 6 6,20 (1H, d,J = 1,8
Hz, H-6), 6,39 (1H, d, J = 1,8 Hz, H-8), 8,08 (2H, d, J = 9,0 Hz, H-2' va 6'), 6,92
(2H,d,J=9,0 Hz, H-3'va 5"), 5,62 (1H, d, J = 7,8 Hz, H-1"), 3,95 (1H, dd, J = 9,6;
7,8 Hz, H-2"), 3,73 (1H, m, H-3"), 3,52 (1H, dd, J = 7.8; 3,5 Hz, H-4"), 3,66 (1H, t,
J=6,0Hz, H-5"), 3,47 (1H, dd, J = 10,2; 7,2 Hz, H-6a"), 3,79 (1H, d, J = 3,0 Hz, H-
6b"), 5,24 (1H, d, J = 1,8 Hz, H-1"), 4,02 (1H, dd, J = 3,6; 1,8 Hz, H-2"), 3,82 (1H,
dd, J =9,6; 3,0 Hz, H-3"), 3,36 (1H, t,J = 10,2 Hz, H-4"), 4,10 (1H, dq, J = 9,6; 6,0
Hz, H-5"), 1,01 (3H, d, J = 6,0 Hz, H-6"), 4,55 (1H, d, J = 1,2 Hz, H-1""), 3,60 (1H,
dd, J = 3,6; 1,8 Hz, H-2""), 3,53 (1H, m, H-3""), 3,29 (1H, t, J = 9,6 Hz, H-4""), 3,56
(1H, m, H-5""), 1,20 (3H, d, J = 6,0 Hz, H-6""). 3C-NMR (150 MHz, CD;0D): ¢
158,4 (C-2), 134,4 (C-3), 179,4 (C-4), 161,3 (C-5), 101,8 (C-6), 165,8 (C-7), 94,7 (C-
8), 158,7 (C-9), 105,8 (C-10), 123,1 (C-1"), 132,2 (C-2"), 116,2 (C-3"), 161,3 (C-4"),
116,2 (C-5"), 132,2 (C-6"), 102,6 (C-1"), 77,6 (C-2"), 75,7 (C-3"), 70,7 (C-4"), 75,7
(C-5"), 67,1 (C-6"),100,8 (C-1"), 72,3 (C-2"), 72,4 (C-3"), 73,9 (C-4"), 69,8 (C-5"),
17,9 (C-6"), 101,8 (C-1""), 72,1 (C-2""), 72,3 (C-3""), 73,8 (C-4""), 69,7 (C-5""), 17,5
(C-6"").
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Quercetin-3-0-a-L-rhamnopyranosyl-(1->6)-O-[a-L-rhamnopyranosyl
(1>2)]-0-p-D-galactopyranoside (AMS5): Tinh thé trong sudt hinh kim, ESI-MS m/z
757,21 [M + HJ", CTPT C33H4oNO2. 'H-NMR (600 MHz, CD3;0D): 6 6,21 (1H, d,
J =2,4 Hz, H-6), 6,40 (1H, d, J = 1,8 Hz, H-8), 7,72 (1H, d, J = 9,0 Hz, H-2"), 6,91
(1H, d, J = 9,6 Hz, H-5"), 7,59 (1H, dd, J = 9,6; 1,8 Hz, H-6"), 5,68 (1H, d, J = 7,8
Hz, H-1"), 3,97 (1H, dd, J = 9,6; 7,8 Hz, H-2"), 3,73 (1H, d, J = 3,6 Hz, H-3"), 3,52
(1H, d, J = 3,0 Hz, H-4"), 3,69 (1H, t, J = 6,0 Hz, H-5"), 3,50 (1H, dd, J = 10,2; 6,6
Hz, H-6a"), 3,79 (1H, dd, J = 6,0; 4,8 Hz, H-6b"), 5,23 (1H, s, H-1""), 4,02 (1H, dd,
J =3,0; 1,8 Hz, H-2"), 3,80 (1H, d, J = 3,6 Hz, H-3"), 3,36 (1H, d, J = 9,0 Hz, H-
4™, 4,07 (1H, m, H-5"), 0,98 (1H, d, J = 6,6 Hz, H-6"), 4,57 (1H, d, J = 1,2 Hz, H-
1", 3,60 (1H, dd, J = 3,6; 1,8 Hz, H-2""), 3,53 (1H, m, H-3""), 3,29 (1H, t, J = 9,0
Hz, H-4"), 3,56 (1H, m, H-5""), 1,20 (1H, d, J = 6,0 Hz, H-6""). *C-NMR (150
MHz, CD3;0D): ¢ 158,4 (C-2), 134,6 (C-3), 179,4 (C-4), 163,2 (C-5), 99,7 (C-6),
165,6 (C-7), 94,6 (C-8), 158,5 (C-9), 105,9 (C-10), 123,1 (C-1"), 116,2 (C-2"), 145.9
(C-3"), 149,6 (C-4"), 116,2 (C-5"), 123,1 (C-6"), 102,6 (C-1"), 77,5 (C-2"), 75,7 (C-3"),
70,9 (C-4"), 75,3 (C-5"), 67,1 (C-6"), 101,1 (C-1"), 72,3 (C-2"), 72,4 (C-3"), 73,9
(C-4"), 69,9 (C-5"), 18,0 (C-6"), 101,9 (C-1"), 72,1 (C-2""), 72,3 (C-3""), 73,9 (C-
4", 69,7 (C-5"), 17,4 (C-6"").

Afzelin (AM6): Chat dang bot mau vang, ESI-MS m/z 433,11 [M + H]", CTPT
C21H20010. 'TH-NMR (600 MHz, CDsOD): 6 6,23 (1H, d,J = 2,4 Hz, H-6), 6,40 (1H,
d,J = 2,4 Hz, H-8), 7,79 (2H, d, J = 10,8 Hz, H-2', 6'), 6,96 (2H, d, J = 10,8 Hz, H-
3.,5"), 5,40 (1H, d, J = 1,2 Hz, H-1"), 4.24 (1H, dd, J = 4,2; 1,8 Hz, H-2"), 3,78 (H,
dd, J =9,6; 3,6 Hz, H-3"), 3,36 (1H, m, H-4"), 3,36 (H, m, H-5"), 0,95 3H, d, J =
6,6 Hz, H-6"). 3C-NMR (150 MHz, CD;0D): 6 158,7 (C-2), 136,2 (C-3), 179,4 (C-
4),163,4 (C-5),100,1 (C-6), 166,7 (C-7), 94,9 (C-8), 159,2 (C-9), 105,7 (C-10), 122,6
(C-1"), 131,9 (C-2', C-6"), 116,5 (C-3', C-5"), 161,6 (C-4"), 103,5 (C-1"), (C-2"), 72,0
(C-3"M), 73,2 (C-4"), 72,1 71,9 (C-5"), 17,7 (C-6").

Quercitrin (AM7): Chét rin mau vang, ESI-MS m/z 449,10 [M + H]". CTPT:
C21H20011. 'H-NMR (600 MHz, CD;0D): 6 6,21 (1H, brs, H-6), 6,38 (1H, brs, H-
8), 7,36 (1H, d, J = 8,4 Hz, H-2"), 7,32 (1H, dd, J = 8,4; 1,8 Hz, H-5"), 6,93 (1H, d,
J = 8,4 Hz, H-6"), 5,37 (1H, brs, H-1"), 3,78 (1H, dd, J = 9,6; 4,2 Hz, H-2"), 3,44
(1H, m, H-3"), 3,37 (1H, m, H-4"), 3.32 (1H, m, H-5"), 0,96 (3H, d, J = 6,0 Hz, H-
6"). 3*C-NMR (150 MHz, CD;0D) 6 158,5 (C-2), 136,2 (C-3), 179,6 (C-4), 163,2 (C-
5), 99,8 (C-6), 165,8 (C-7), 94,7 (C-8), 159,3 (C-9), 105,9 (C-10), 123,0 (C-1"), 116,4
(C-2", 146,3 (C-3"), 149,7 (C-4"), 117,0 (C-5"), 122,9 (C-6"), 103,5 (C-1"), 72,0 (C-
2"), 72,1 (C-3"), 73,3 (C-4"), 71,9 (C-5"), 17,6 (C-6").
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Astragalin (AMS8): Chét bot mau vang, ESI-MS m/z 449,10 [M + H]*, CTPT
C21H20011. '"H-NMR (600 MHz, CD;0D): ¢ 6,41 (1H; d; J = 2,4 Hz; H-6), 6,22
(1H; d; J =2,4 Hz; H-8) 8,07 (1H; d; J = 8,4 Hz; H-2",6") 6,91 (1H; d; J = 8,4 Hz;
H-3"5") 5,23 (1H; d; J = 9,0 Hz; H-1") 3,72 (1H; dd; J = 13,8; 2,4 Hz; H-2") 3,56
(1H; m; H-3") 3,86 (1H; m; H-4") 3,32 (1H; m; H-5") 3,24 (1H; m; H-6"). 3*C-NMR
(150 MHz, CD30OD) ¢ 159,1 (C-2), 135.4 (C-3), 179,5 (C-4), 163,0 (C-5), 104,1 (C-
6), 166,0 (C-7), 94,8 (C-8), 158,5 (C-9), 105,8 (C-10), 122,818 (C-1"), 132,3 (C-
2'/6"), 116,1 (C-3'/5"), 161,6 (C-4"), 99,9 (C-1"), 75,8 (C-2"), 78,1 (C-3"), 71,4 (C-
4", 78,4 (C-5"), 62,7 (C-6").

Isoquercetin (AM9): Chit dang bdét mau vang nhat, ESI-MS m/z 465,10
[M+H]", CTPT C21H20012. '"H-NMR (600 MHz, CD3;0D): 6 6,21 (1H, d, J = 2,4
Hz, H-6), 6,39 (1H, d, J = 1,8 Hz, H-8), 7,73 (1H, d, J = 2,4 Hz, H-2"), 7,58 (1H, dd,
J=1284,24Hz, H-5"), 6,88 (1H, d, J = 8,4 Hz, H-6"), 5,25 (1H, d, J = 9,0 Hz, H-
1"), 3,74 (1H, m, H-2"), 3,60 (1H, m, H-3"), 3,50 (1H, m, H-4"), 3,46 (1H, m, H-5"),
3,26 (2H, m, H-6"). 3C-NMR (150 MHz, CD30D) ¢ 158,4 (C-2), 135,6 (C-3), 179.,4
(C-4), 163,0 (C-5), 104,4 (C-6), 166,0 (C-7), 94,7 (C-8), 159,0 (C-9), 105,7 (C-10),
123,2 (C-1"), 116,0 (C-2"), 145,9 (C-3"), 149,8 (C-4"), 117,6 (C-5"), 123,0 (C-6"), 99,9
(C-1"), 75,7 (C-2"), 78,3 (C-3"), 71,2 (C-4"), 78,1 (C-5"), 62,6 (C-6").

Nudiposide (AM10): chit dang dau mau vang nhat. [a]2® -32,6 (¢ 0,1, MeOH).
'H-NMR (600 MHz, CD;0D): § 6,39 (1H; br s; H-2), 6,41 (1H; br s; H-6), 4,40
(1H; d; J = 6,6 Hz; H-7), 2,08 (1H; m; H-8), 3,42 (1H; dd; J = 10,8; 4,8 Hz; H-9a),
3,85-3,77 (1H; m; H-9b), 6,55 (1H; s; H-5"), 2,65 (1H; dd; J = 15,0; 12,6 Hz; H-7'a),
2,73 (1H; dd; J = 15,0; 4,2 Hz; H-7'b), 1,72 (1H; m; H-8"), 3,66 (1H; dd; J = 10,8;
7,2 Hz; H-9'a), 3,56 (1H; dd; J = 10,8; 6,6 Hz; H-9'b), 4,21 (1H; d; J = 7,8 Hz; H-
1", 3,21 (1H; dd; J =9,0; 5,4 Hz; H-2"), 3,38 (1H; m; H-3"), 3,49 (1H; ddd; J = 10,8;
9,0; 4,8 Hz; H-4"), 3,85-3,77 (1H; m; H-5"a), 3,19 (1H; dd; J = 10,8; 4,8 Hz; H-5"D),
3,73 (3H; s; 3-OCHa3), 3,73 (3H; s; 5-OCH3), 3,88 (3H; s; 2'-OCH3), 3,30 (3H; s; 4'-
OCHj3). BC-NMR (150 MHz, CD;OD): ¢ 139,4 (C-1), 107,0 (C-2), 149,0 (C-3),
134,5 (C-4), 149,0 (C-5), 107,0 (C-6), 43,0 (C-7), 46,7 (C-8), 71,1 (C-9), 130,2 (C-
1", 147,6 (C-2"), 148,7 (C-3"), 138,9 (C-4"), 107,8 (C-5"), 126,4 (C-6"), 33,9 (C-7"),
40,6 (C-8"), 66,1 (C-9"), 105,5 (C-1"), 78,0 (C-2"), 75,0 (C-3"), 71,3 (C-4"), 67,0 (C-
5"), 56,9 (3-OCH3s), 56,9 (5-OCH3), 56,6 (2'-OCHs), 60,0 (4'-OCHas).

Acacienone (AM11): chét rin mau tring. '"H-NMR (600 MHz, CD;0D): §
3,66 (1H; dt; J = 11,4; 5,4 Hz; H-1), 1,21(1H; m; H-2), 1,85 (1H; dt; J = 12,4; 4,8
Hz; H-3), 2,15 (1H; m; H-4), 1,69 (1H; m; H-5), 1,75 (2H; m; H-6), 1,17 (1H; m; H-
7), 2,20 (1H; m; H-8), 2,40 (1H; m; H-9), 1,44 (1H; t; J = 10,3 Hz; H-10), 1,25 (1H;
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m; H-11), 3,33 (1H; dd; J = 12,0; 5,4 Hz; H-12), 4,65 (1H; m; H-13), 2,55 (1H; m;
H-14), 2,65 (1H; m; H-15), 2,44 (2H; m; H-16), 4,56 (1H; s; H-17), 4,80 (1H; s; H-
18), 1,06 (3H; d; J = 5,4 Hz; H-19), 0,78 (3H; s; H-20) .">*C-NMR (150 MHz,
CD30D): ¢ 80,1 (C-1), 43,6 (C-2), 37,7 (C-3), 154,6 (C-4), 50,6 (C-5), 25,8 (C-6),
30,2 (C-7), 41,9 (C-8), 51,4 (C-9), 44,6 (C-10), 36,1 (C-11), 66,5 (C-12), 140,4 (C-
13), 182,2 (C-14), 28,0 (C-15), 36,2 (C-16),211,5 (C-17), 104,9 (C-18), 18,3 (C-19),
7,5 (C-20).

2.4.4. Téi wu hod ty 1¢ phéi tron cdc thanh phén cao chiét

Trong cac nghién ctru trude day do nhom ching toi thue hién, cdy man tudi
(Eupatorium fortunei Turcz.) da dugc xac dinh 1a mdt nguén nguyén li¢u thyc vat
tiém nang trong viéc kiém soat sy phat trién ctia vi khuan lam Microcystis aeruginosa
— loai sinh vat gdy nd hoa tao doc phd bién & méi trudng nude ngot, anh hudng
nghiém trong dén chét lugng nudce va da dang sinh hoc thuy sinh [84, 93, 94]. Mac
du cac két qua dat duoc rat kha quan, tuy nhién, sau qué trinh quan sat va thir nghiém
chuyén siu, chung t6i nhan thiy viéc tmg dung don 1¢ cao chiét tir man tudi trong
moi truong thuc té gap mot sd thach thire, bao gom: kha ning thich nghi sinh hoc cua
M. aeruginosa khi tiép xtc kéo dai voi mot loai hop chat don doc; giGi han pho tac
dong cia mot s6 hop chét chinh trong man tudi, chi yéu gay trc ché ¢ giai doan dau
chu ky sinh truéng tao; tic dong khong 6n dinh khi méi trudng thay ddi vé pH, anh

sang hodc ham luong chat hitu co hoa tan.

Dé khic phuc cac han ché nay va hudng téi phat trién mot ché pham thuc vt
¢6 hiéu luc 6n dinh, phé tac dong rong va an toan sinh thai, nghién ctru hién tai cua
chung t6i dugc trién khai theo hudng phdi tron cao chiét man tudi voi hai thanh phan
nguyén li¢u thyc vat khac: hoa cic vang (Chrysanthemum indicum) va la keo tai

tuong (Acacia mangium).

Hiéu qua @c ché ctia hdn hop cao chiét voi ty 18 thiét ké theo mo hinh SLD , &
ndéng do thir nghiém (200 pg/mL), dugc trinh bay dudi day

Bdng 2.2. Hiéu qua ikc ché ciia cdc hon hop cao chiét theo ty 1é

STT %Eupatorium %Aca_cia %Chtjysa.nthemum % IE
fortune mangium indicum
1 5,00 61,67 33,33 61,43 £3,61
2 5,00 5,00 90,00 38,13 £2,08
3 90,00 5,00 5,00 32,37 £ 1,53
4 61,67 19,17 19,17 62,29 £2,49
5 33,33 5,00 61,67 49,27+ 2,26
6 90,00 5,00 5,00 32,47 £1,33
7 33,33 61,67 5,00 42,81 + 1,58
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8 19,17 19,17 61,67 59,88 +£4,29
9 19,17 61,67 19,17 59,9 £ 3,06
10 33,33 33,33 33,33 71,48 £3,19
11 5,00 90,00 5,00 40,23 + 2,62
12 61,67 5,00 33,33 44,71 £ 3,53
13 5,00 33,33 61,67 63,42 £ 4,09
14 5,00 90,00 5,00 39,86 £ 1,46
15 5,00 61,67 33,33 61,62 + 3,82
16 33,33 33,33 33,33 71,65 £ 5,62
17 61,67 33,33 5,00 40,51 +£2,02
18 5,00 5,00 90,00 39,63 +£1,76
19 61,67 33,33 5,00 49,01 +2,29
20 61,67 5,00 33,33 44,9 £ 2,36

Két qua chi tiét vé mo hinh va ty 1¢ t6i wu dugc trinh bay trong Chuong 3.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Xac dinh cau triic cac hop chit tir clic hoa vang (Chrysanthemum indicum)

3.1.1. Hop chiit CII (chit méi)

0
o 4 ,O. 2
10°~.3 NPT -
11 : 5.‘:‘ < (0]
2} N
—’O\ 1 -7 6 7
" CI1
0

Hinh 3.1. Céng thikc cdu tao, cdc twong taic HMBC () va NOESY (<-->) chinh
ciia hop chat CI1
Hop chit CI1 thu dugc ¢6 cong thure phan tir dugc xac dinh 1a C13H 1605 khi trén
phé khdi thu duogc pic ion gia phan tir tai m/z: 253,1071 [M + H]*.

%10 4 + Scan (rt: 1.053 min) Cl1.d

1.8 253.1071

Ly 232.1522 267.0848 275.0872
08 284.1110
0.6- 298.1607
289.0661

04 305.1528

260.1776

Wagis 10 “.x Ll g s bl s gl by i (1 l ,|‘|| Ll LI‘ IR

225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305
Counts vs. Mass-to-Charge (m/z)

Hinh 3.2. Phé HR-ESI-MS ciia hop chat CI1

Ph6 '"H NMR cua hop chit CI1 cho théy su xuét hién hién cta 3 proton olefin
tai on 7.35 (1H, s, H-4), 6,69 (1H, d, J = 3,5 Hz, H-6), 6,45 (1H, d, J = 3,5 Hz, H-7),

tin hi€u cia mot nhom methylen dinh truc tiép v6i oxi dugce xac dinh tai 4,18 (2H, s,

0.2

||

(=]

H-9) va mot tin hiéu methylen tai 3,80 (2H, s, H-2), cung véi cac tin hiéu ciia nhém
methyl dinh truc tiép oxy dugc xac dinh lan luot tai 3,39 (3H, br s, 9-OCH3), 3,67
(3H, br s, COOCH3) va mdt tin hiéu methyl tai 2,44 (3H, br s, H-11). Trén phé *C
NMR va HSQC cuia hop chat CI1 xuat hién tin hiéu cua 13 nguyén tir cacbon, trong
dé 3 nhom CHs tai 25,2 (C-11), 58,2 (OCH3), 51,9 (COOCH3); 3 nhém methine tai
128,4 (C-4), 117,6 (C-6), 111,7 (C-7) va cac nhom methylen va carbon khong lién
két hydro dugc xac dinh tai dc 171,5 (C-1), 32,0 (C-2), 130,8 (C-3), 150,7 (C-5),
155,1 (C-8), 66,4 (C-9), 197,9 (C-10).
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Hinh 3.7. Phé NOESY cua hop chdt CI1

Véi hang sb lién két J nho gitta H-6 va H-7 (J = 3,5 Hz) ciing nhu quan sat
thiy twong tac HMBC tir H-7 dén C-5 va C-8 cho thiy day 1a dic diém cua dang vong
furan thé 1,4. Phan tich phd6 HMBC chi ra H-2 twong tac v6i C-1, C-3, C-4 va C-10;
tir H-4 dén C-2, C-3, C-5, C-6, C-10; tir H-9 dén C-7 va C-8. Céc dir kién ndy rat
tuong dong vai dir liéu phd cua (E)-3-[5-(hydroxymethyl)furan-2-yl]methylene-4-
oxo-pentanoic acid di biét trudc day [95] ngoai trir sy xuat hién thém tin hiéu cta 2
nhom oxymethyl. Dé xac dinh cdu hinh cua ndi d6i C-3=C-4, phé NOESY ciia hop
chat CI1 duoc phan tich k§. Tuong tac gitta H-2 va H-6 ma khong phai H-2 va H-4
dugc quan sat thdy trén phd NOESY chutng to nbi d6i c6 ciu hinh E. Nhu vy hop
chdt CI1 dugc xac dinh 13 (E)-3-((5-(methoxymethyl)furan-2-yl)methylene)-4-

oxopentanoate, mot chat méi lan dau tién dugc cong bo.
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3.1.2. Hop chiit CI2 (chit méi)

Hinh 3.8. Céng thitc cdu tao, cdc twong tic HUBC (=) va NOESY (<-->) chinh
ciia hop chat CI2
Hop chat CI2 thu duoc dudi dang chit ran mau trang, c6 cong thic phan tir
dugc xac dinh 1a Ci3Hi60s khi trén pho khdi thu duoc pic ion gia phéan tir tai m/z:
253,1084 [M + HJ" (cald. 253,1076, C13H17O0s) va 275,0901 [M + Na]" (cald.
275,0895, Ci13H160sNa)

%105 |t Scan (rt: 1.031 min) Cl2.d
24

181 253.1084
16
1.4
1.2

1] 275.0001
0.8
0.6
0.4

0.2

O,ILn\IlI\l ‘u\. |||H‘||\|w\|||‘| |\|\|\MH|‘I‘ ||II||||.i|“‘|"||I‘||‘

225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305
Counts vs. Mass-to-Charge (m/z)

Hinh 3.9. Phé HR-ESI-MS ciia hop chat CI2

Ph6 'H NMR cua hop chit CI2 cho théy su xuét hién hién cua 3 proton olefin
tai ou 6,46 (1H, br s, H-4), 6,53 (1H, d, J = 3,5 Hz, H-6), 6,36 (1H, d, J = 3,5 Hz, H-
7), tin hiéu cia mdt nhém methylen dinh tryc tiép voi1 oxi dugc xac dinh tai 4,36 (2H,
s, H-9) va cac tin hi¢u cia nhém methoxy dugc xac dinh lan luot tai 3,35 (3H, br s,
9-OCH3), 3,69 (3H, br s, COOCH3) va moét tin hi¢u methyl tai 2,37 (3H, br s, H-11).
Tin hi¢u cua hai nhom methylen duogc xac dinh tai 4,36 (2H, s, H-9), 3,43 (2H, s, H-
2). Trén ph6 *C NMR va HSQC cuia hop chat CI2 xuat hién tin hiéu cua 13 nguyén
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tir cacbon, trong d6 3 nhém CHs tai 29,9 (C-11), 58,0 (OCH3), 52,1 (COOCH3); 3
nhoém methine tai 122,0 (C-4), 113,7 (C-6), 111,3 (C-7) va cac nhom methylen va
carbon khong lién két hydro duoc xac dinh tai dc 171,1 (C-1), 41,0 (C-2), 133,0 (C-
3), 149.8 (C-5), 153.,4 (C-8), 66,3 (C-9), 204,3 (C-10). Phé NMR cua CI2 gin nhu
tuong dong voi CI1 ngoai trir sy khac biét & do dich chuyén hoa hoc tai cac vi tri C-
2, C-3, C-4 va C-10 (Bang 3.1). Su dich chuyén kha manh vé phia trudng thap & C-2
ctia hop chat CI2 so v6i hop chat CI1 goi ¥ sy khac nhau vé cdu hinh ctia ndi doi.

Trén pho NOESY cho thay twong tac NOE rd rang gitra H-2 va H-4 phu hop véi cdu

hinh Z ctia hop chat.
Bang 3.1.  S6 liéu phé NMR ciia hop chdt CI1-2
CI1 (do boi, J Hz) CI2(d¢ boi, J Hz)
No OH oc OH oc
1 - 171,5 - 171,1
2 3,80 (2H; s) 32,0 3,43 (2H; d; 1,0) 41,0
3 - 130,7 - 133,0
4 7,35 (1H; s) 128,4 6,46 (1H; br s) 122,0
5 - 150,6 - 149,8
6 6,69; 1H; d; 3,5 117,6 6,53 (1H; d; 3,5) 113,7
7 6,45; 1H; d; 3,5 111,7 6,36 (1H; d; 3,5) 111,3
8 - 155,0 - 153,4
9 4,42 (2H; s) 66,4 4,36 (2H; s) 66,3
10 - 197,9 - 204,3
11 2,44 (3H; br s) 25,2 2,37 (3H; br s) 29.9
9-OCH; 3,38(3H; br s) 58,2 3,35 (3H; br s) 58,0
COOCH3 | 3,67 (3H; brs) 51,9 3,69 (3H; br s) 52,1

Nhu vay hop chit CI2 duoc xac dinh 13 (2)-3-((5-(methoxymethyl)furan-2-

yl)methylene)-4-oxopentanoate, mot hop chat méi.
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Hinh 3.15. Céng thirc cdu tao, cdc twong tic HMBC (=) chinh cia hop chdt CI3
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Hop chét CI3 duoc phan 1ap dudi dang chat rin mau tring. Phd 'H-NMR cua
hop chat CI3 cho thdy su xuit hién cia cac proton olefin tai on 7,36 (1H, s, H-4),
6,72 (1H, d, J = 3,5 Hz, H-6), 6,52 (1H, d, J = 3,5 Hz, H-7), 7,57 (1H; d; J = 1,5 Hz;
H-8), nhém methyl dinh truc tiép oxy tai 3,67 (3H, br s, COOCH3) va mét tin hiéu
methyl tai 2,45 (3H, br s, H-11), cung mot tin hi¢u methylene tai 3,82 (2H, s, H-2).
Trén phé) BC-NMR va HSQC cua hop chat CI3, xuét hién tin hiéu ctia mot nhom
methoxy tai 51,9 (COOCHs), m0t nhdém methyl tai 25,2 (C-11), va céc tin hi¢u carbon
olefin tai 130,7 (C-3), 128,4 (C-4), 150,7 (C-5), 117,0 (C-6), 112,4 (C-7), 145,3 (C-
8). Pho HMBC ctia hop chat CI3 ghi nhan cac tuwong tac trong vong furan giita H-6
va H-7 véi C-5, C-8. Vi trf lién két cua mach ngoai voi vong furan dugc xac dinh qua
tuong tac gitra H-4 véi C-5. Ngoai ra, vi tri cua cdc nhom carboxyl va ketone dugc
xac dinh thong qua tuong tac gitta H-11 voi C-3, H-4 v61 C-10, H-2 voi C-1, va gitra

proton nhom methoxy voi C-1.

Phé NMR cuia CI3 c6 su twong dong véi hop chat CI1, ngoai trir sy khac biét
o vong furan. Tin hiéu nhom -CH2-O-CHs khong xuét hién; thay vao do, xuét hién 3
tin hi€u proton tai 6,72 (1H, d, J = 3,5 Hz, H-6), 6,52 (1H, dd, J = 3,5; 1,5 Hz, H-7),
7,57 (1H, d, J = 1,5 Hz, H-8) dic trung cho vong furan thé mot vi tri. Nhu vay hop
chat CI3 duoc xac dinh 13 methyl (E)-3-(furan-2-ylmethylene)-4-oxopentanoate, mot
hop chét duoc cong bd tir nim 1968 [96] nhung ddy 14 1an dau tién dir liéu phd NMR

cua chat nay dugc cong bo.

Bdng 3.2. 86 liéu phé NMR ciia hop chdt CI1 va CI3

1 3
No o o o o
1 - 171,5 |- 171,6
2 3,80 (2H; s) 32,0 3,82 (2H; s) 32,0
3 - 130,7 | - 130,7
4 7,35 (1H; s) 128,4 | 7,36 (1H; s) 128,4
5 - 150,6 |- 150,7
6 6,69 (1H; d; 3,5) 117,6 |6,72 (1H; d; 3,5) 117,0
7 6,45 (1H; d; 3,5) 111,7 |6,52 (1H; dd; 3,5; 1,5) 1124
8 - 155,0 | 7,57 (1H;d; 1,5) 145,3
9 4,41 (2H; s) 66,4 - 198,1
10 - 197,9 |2,45 (3H; brs) 25,2
11 2,44 (3H; br s) 25,2
9-OCHj3 3,38 (3H; br s) 58,2 - -
COOCHs |3,67 (3H; brs) 51,9 3,67 (3H; brs) 52,0




58

000°0-——

TSh°.C—

SLEY N~
pZ8 €—

©
i
o~
S~ WWWo WYY

NNV

ppm

Phé 'H NMR ciia CI3

A

o~
-

9

-
—

()
<
-

o

-
-

¢

.Jl.‘”‘..,.,. | L ——

Hinh 3.16.




59

00"

g¢’
S0°

Lv"
2o
€0°
Sy
T

8¢
6L"

c1°861

S¢—
CE—

eIT——
LIT—
eel—

82T~
N

GELT—

0ST——

SELL—

200 180 160 140 120 100 80 60 40 20 ppm

220

Phé 13C NMR ciia CI3

Hinh 3.17.



60

B I I Y N 3

ppm

- 100
110
L 120
- 130

~ 140

~ 150

| REroa s T & T T T ‘ T T T T
8.0 7.5% 7.6 6.5 6.0 .5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 ppn

Hinh 3.18. Phé HSQC ciia CI3



61

BRI i A e ppm

L 20
| - 30
- 40
= 50
£ 60
L 70
- 80
£ 90
=100
¢ | =110
- 120
| ' . 130
=140
'

Vo ' | . - 150
¢ - 160

11 170

- 180
- 190
' } | ;200

—-210

=220

T T T T T T T T T T T BT
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2. 2.0 ppm

Hinh 3.19. Phé HMBC ciia CI3



62

3.1.4. Hop chit CI4

Hinh 3.20. Cau triic hop chat CI4

Hop chit CI4 dugc phan lap dudi dang chat bot mau vang. Pho 'H-NMR cia
CI4 thé hién cac tin hiéu dic trung cua mot flavonoid, bao gém: ou 6,84 (1H, s, H-
3), 6,20 (1H, d, J = 2,0 Hz, H-6), 6,50 (1H, d, J = 2,0 Hz, H-8), 8,04 (2H, d, J =9,0
Hz, H-2',6") va 7,10 (2H, d, J = 9,0 Hz, H-3',5"). Céc tin hi€u proton nay goi y cho su
hién dién cua hé théng vong A véi hai proton H-6 va H-8 nam & vi tri meta véi nhau
va hé théng vong B kiéu thé para. Pho *C-NMR cuia CI4 ghi nhan tong cong 15 tin
hiéu carbon, bao gom céac carbon sp? tai dc 163,3 (C-2), 103,5 (C-3), 181,7 (C-4),
161,4 (C-5), 98,9 (C-6), 164,2 (C-7), 93,9 (C-8), 157,3 (C-9) va 103,7 (C-10); céc tin
hi€u carbon cua vong B tai oc 122,8 (C-1'), 128,3 (C-2',6"), 114,6 (C-3',5") va 162,3
(C-4"). Cac dir kién nay cho thiy vong A mang kiéu thé 5,7-disubstituted véi cac
nhom hydroxyl tai C-5 va C-7, thé hién qua do chuyén hoa hoc cao tai dc 161,4 (C-
5) va 164,2 (C-7). Vong B c¢6 kiéu thé dbi xtng, voi hai cip proton H-2'/H-6' va H-
3'/H-5' tuong ung, d@)ng thot carbon C-4' ¢6 d6 dich chuyén oc 162,2, go1 y su gén
mot nhom thé methoxy dc 55,5 (C-7') tai vi tri ndy.

Nhu vay, tir cac dit liéu phd 'H va *C-NMR, c6 thé du doan hop chat CI4 c6
bd khung flavonoid 5,7-dihydroxy-4'-methoxyflavone. So sanh s liéu phd cua CI4
v6i acacetin thdy c6 sy phi hop & tit ca cac vi tri [97]. Nhitng dit kién ndy ching to

hop chat CI4 1a acacetin.
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3.1.5. Hop chit CI5

Hinh 3.24. Cau triic hop chat CI5

Hop chat CI5 thu dugc dudi dang tinh thé mau vang. Phé "H-NMR xuét hién
tin hi€u ctua 7 proton vong thom, trong d6 c6 mot hé vong thom kiéu A,B, duoc xac
dinh boi hai tin hiéu cé cuong do pic manh gép doi tai on 6,91 (2H, d, J=8,5, H-3',
H-5"), 7,91 (2H, d, J=8.5, H-2', H-6'), hai proton thé dang meta véi nhau tai 6 6,18
(1H, d, J=2.,0, H-8), 6,47 (1H, d, J=2,0, H-6). Cac tin hiéu trén pho *C-NMR da
khang dinh rang hop chat CI5 c6 khung flavonoid va vong B ¢6 dang kaempferol vi
cac tin hiéu tai oc 121,1 (C-1"), 128,4 (C-2"), 115,9 (C-3"), 161,1 (C-4"), 115,9 (C-5"),
128.4 (C-6') hai tin hi€u tai 6 93,9 va 98,8 rat dic trung cho hai vi tri C-8, C-6 cua
vong A khi hai vi tri C-5 va C-7 déu bi thé. Tir cac dit kién trén c6 thé du doan hop
chat CI5 1a mot flavonoid c6 cdu triic vong B dang kaempferol. So sanh sb liéu phd
ctia CI5 v6i apigenin thiy c6 sy phu hop & tat ca cac vi tri [98] ching to hop chat

CI5 dugc xéc dinh 1a apigenin.
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3.1.6. Hop chit CI6

Hinh 3.28. Cau triic cua acacetin 7-0-B-D-glucopyranoside (CI6)

Hop chéat CI6 thu duoc dudi dang chat bot mau vang, pho khéi lugng ESI-MS
xuat hién pic ion gia phan tir tai m/z 447.1 [M+H]" goi ¥ hop chét c6 KLPT M=446,
CTPT C22H22010.

Intens +MS, 0.0min #3;
x1
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Hinh 3.29. Phé khéi eong ESI-MS ciia CI6

Trén phd '"H-NMR cua CI6, tai viung trudng thap dic trung cho tin hiu cta cac
proton vong thom gdm hé spin A»B> dugce x4c dinh boi hai tin hi¢u c6 cudong do pic
manh gap doi tai 0 8,05 (2H, d, J = 9,0 Hz, H-2', H-6'), 7,12 (2H, d, J = 9,0 Hz, H-
3’, H-5"), hai proton thé dang meta v6i nhau tai 6,85 (1H, d, J = 2,0 Hz, H-8), 6,45
(1H, d, J = 2,0 Hz, H-6). Ngoai ra, m0t nhém methoxy cling dugc nhan dang tai o
3,86 (3H, br s). Cac tin hiéu phd nay rat giéng véi hop chét acacetin. Bén canh d6
phd '"H-NMR ciing x4c dinh sy ¢6 mat ctia mot phan tr duong véi tin hidu proton
anome tai 6 5,07 (1H, d, J = 6,5 Hz, H-1").
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Céc tin hiéu trén phd '3C-NMR va DEPT di khang dinh ring hop chit CI6 co
khung flavonoid va vong B c6 dang kaempferol véi céc tin hi¢u tai & 122,6 (C-1'),
128,2 (C-2"), 114,6 (C-3"), 161,0 (C-4"), 114,6 (C-5"), 128,4 (C-6"), hai tin hiu tai 6
94.9 va 99,5 rat dac trung cho hai vi tri C-8, C-6 cua vong A khi hai vi tri C-5 va C-
7 déu bi thé. Ngoai ra su xuét hién cia mot phan tir dudng glucoside ciling duge xac
dinh véi cac tin hiéu rat dic trung tai du 99,7 (C-1"), 73,0 (C-2"), 77,1 (C-3"), 69,5
(C-4"), 76,4 (C-5"), 60,6 (C-6"). Hing s6 twong tac J tai proton anome tuong d6i 16n
(J = 6.5 Hz) chimg t0 cdu hinh cta phan tir dudng 1a S-D-glucopyranoside.

T céac dir kién trén c6 thé du doan hop chit CI6 1a mot flavonoid co céu tric
vong B dang kaempferol va trong phan tir c6 mot don vi duong S-D-glucopyranoside.
So sanh s6 liéu phd thu duoc vé6i chét acacetin 7-O-B-D-glucopyranoside thiy co su
pht hop & tit ca cac vi tri chimg t6 hop chat CI6 dugc xac dinh 13 acacetin 7-O-8-D-
glucopyranoside [99].
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3.1.7. Hop chit CI7

Hinh 3.33. Cdu triic cua acacetin 7-O-rutinoside (CI7)

Hop chat CI7 thu duoc dudi dang bot mau vang, pho khoi lugng ESI-MS xuét
hién pic ion gia phan tr tai m/z 593,3 [M+H]* goi ¥ hop chat c6 KLPT 592.

Intens. +MS, 0.0min #3

x108

5933
20

05

907.4
830.2

1021
743 3490 639.3 761.3
00 [ I A X0 0se L 39%0 N W T bl Lukm ™ bt 6?3? L5 AN L Al
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Hinh 3.34. Pho khoi lvong ESI-MS cua CI7

Céc pho NMR cua né dic trung cho mot hop chét ¢ khung flavon. Trén phd
"H-NMR, tai ving trudng trung binh dic trung cho tin hiéu cta céac olefin vong thom
xuat hién tin hiéu cta 7 proton, trong d6 c6 mot hé vong thom kiéu A»B» duoc xéac
dinh bdéi hai tin hi€u c6 cuong do pic manh gép doi tai 08,06 (2H, d, J=8,5, H-2', 6'),
7,16 (2H, d, J=8.5, H-3', 5"), hai proton thé dang meta tai 56,45 (1H, d, J=1,5, H-6),
6,79 (1H, br s, H-8) va mdt proton tai ¢ 6,93 (1H, s, H-3). Bén canh d6 phé IH cling
xac dinh sy c6 mat cua hai phan tir duong véi cac tin hi¢u proton anome tai o 5,06
(1H, d, J=7,0, H-1"), 4,54 (1H, br s, H-1""") va mdt nhom methoxy tai 3,86 (3H, br s).
Pho '3C-NMR xuét hién tin hiéu cta 28 nguyén tir cacbon, cac tin hiéu trén phd '3C-
NMR di goi ¥ rang hop chat CI7 c6 khung flavon glycoside va vong B ¢6 dang thé
A2B2 voi céc tin hi¢u tai 6122,7 (C-1"), 128,5 (C-2', 6"), 114,7 (C-3', 5"), 162,4 (C-4"),
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hai tin hiéu tai 6 100,5 va 94,9 rat dic trung cho hai vi tri C-6, C-8 cia vong A khi
hai vi tri C-5 va C-7 déu bi thé. Ngoai ra su xuit hién ctia hai phan tir dudng trong do
c6 mot phan tir duong glucose (dugc xac dinh badi cac tin hi¢u rat dac trung tai 99,7
(C-1"), 73,1 (C-2"), 76,2 (C-3"), 69,6 (C-4")) va mot phan tir dwong rhamnose (dugc
xac dinh boi cac tin hiéu rat dic trung tai §100,0 (C-1"""), 70,7 (C-2'""), 70,3 (C-3""),
72,1 (C-4"""), 68,3 (C-5"""), 17,7 (C-6""")). D6 chuyén dich hoa hoc cua C-6'" chuyén
dich vé ving truong thap hon tai & 66,5 (CH,) ching té phan tir duong rhamnose
dugc dinh vao vi tri C-6 cua phan tir duong glucose. Nhom methoxy dugc xac dinh
1a dinh vao vi tri C-4' nhu vy hop chat s& c6 dang khung acacetin (mot dang khung
rt pho bién trong chi Chrysanthemum). Phan tir duong glucose dugc xéac dinh 1a dinh
vao vi tri C-7 dua vao viéc so sanh cac dir kién phé cua hop chat CI7 véi cac dir kién
ph6 ctia hop chét acacetin 7-O-rutinoside [100] thdy c6 su tring khép hoan. Nhu vay
hop chéat CI7 chinh 1a acacetin 7-O-rutinoside
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3.1.8. Hop chit CI8

Hinh 3.38. Cdu triic ciia apigenin 7-O-f-D-glucopyranoside (CI8)

Hop chét CI8 thu duoc dudi dang chat bot mau vang. Trén phd 'H-NMR, xuét
hién h¢ tin hi¢u dic trung cho cac proton vong thom: hai tin hi¢u cuong d¢ manh tai
07,95 (2H,d,J=8,5Hz H-2', H-6") va 6 6,98 (2H, d, J = 8,5 Hz, H-3’, H-5"), tuong
ung véi h¢ spin A2B2. Ngoai ra, céc tin hi¢u tai ¢ 6,85 (1H, s, H-3), 0 6,83 (1H, d, J
=2,0 Hz, H-8) va 0 6,43 (1H, d, J = 2,0 Hz, H-6) dic trung cho cac proton & vong A
va C cua khung flavonoid. Mot tin hi€u don tai 0 12,9 (1H, s) duoc ghi nhan cho
proton ciia nhém hydroxyl tai vi tri C-5 (5-OH), thuong gap & cac flavonoid khong
bi thé ¢ vi tri ndy. Ngoai cac tin hiéu tir phan aglycon, sy xuat hién tin hiéu proton
anome tai d 5,06 (1H, d, J = 8,0 Hz, H-1") ciing v6i hang sb lién két J = 8,0 Hz cho

thdy su hién dién ciia mot don vi dudng S-D-glucopyranoside.

Ph6 *C-NMR cung cap thém bang ching xac dinh khung flavonoid va phan tix
duong: cac tin hi¢u tai 6 162,9 (C-2), 103,0 (C-3), 182,0 (C-4), 161,5 (C-5), 99,5 (C-
6), 164,3 (C-7), 94,8 (C-8), 156,9 (C-9), 103,0 (C-10) va céac tin hiéu vong B gdm
120,8 (C-1"), 128,5 (C-2', C-6"), 116,0 (C-3', C-5"), 161,0 (C-4"). Céac tin hi€u lién
quan dén don vi dudng f-D-glucopyranoside 1an lugt dugc xac dinh tai d 99,8 (C-
1"), 73,1 (C-2"), 77,1 (C-3"), 69,5 (C-4"), 76,4 (C-5") va 60,5 (C-6"). Dac biét, su
vang mit cia nhém methoxy (J 3,86/55,5 nhu & CI6) va su phit hop hoan toan cia
céc tin hiéu phd véi dit liéu chuan cua apigenin cho thdy phan aglycon ctia CI8 chinh

la apigenin.

Tir cac dir liéu phd "H-NMR va C-NMR, c6 thé khang dinh hop chat CI8 co
cAu tric 1a apigenin 7-O--D-glucopyranoside [100].



81

£96° 2T =

LLL' ,,L LIJMLm W

I

10

12

6£8°G

— A & 54

000°T

e ————

CI8

2

'H-NMR cua

2

Phéo

Hinh 3.39.



82

[~ = te] (el Ly Lo e
= [ R i B o | u Lo 0 ] L L B e Lo e a T o VR oy ]
oy e Ty e B iy " [ N T e I = O o]
. . . . - . a P e M Tg W= s — e LY uy
| = O e W a0 L w0 ] I N )
oo WA S D 3 | o [ e B T [~ A3 09 o
|l sl o i i v F vl I T | B o - w

\Z

Wi

T T i T : T ' T i T T " ; T | '
200 180 160 140 120 100 80 €0 40 20 0 ppm

Hinh 3.40. Phé BC-NMR ciia CI8



83

DEPT90

T T T T
210 200 130 180 170 160 150 140 130 120 110 100 20 80 70 a0 50 40 34 20 10 PEm

DEPT135

CH&CH3

CH2
T T | T T T T T T T T T T T T T 1 T I I T
210 200 180 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm
Cl3CPD
T T T T T T T T T T T T T T T T T T T T T
210 200 1%0 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 ppm

Hinh 3.41. Phé DEPT ciia CI8



84

3.1.9. Hop chit CI9

O
2
3 77 OH
HO 4~ °
5
Hinh 3.42. Cdu triic hop chdt p-hydroxybenzoic acid

Hop chit s6 CI9 thu duoc dudi dang bot mau tring. Phd 'H NMR cua hop
chat CI9 cho thdy duy nhét hai tin hiéu dic trung cta hé vong thom dang A2B: tai
cac vi tri chuyén dich héa hoc 1an luot 14 0y 7,79 (2H, br d, J = 8,5 Hz, H-2/ H-6) va
6,82 (2H, br d, J = 8,5 Hz, H-3/ H-5). Pho '3C NMR cua 2 ciing c6 céc tin hiéu cta
1 nhom carboxylic tai dc 167,1(COOH), 2 carbon bac 4 (oc 121,5, C-1 va 161,5, C-
4), hai nhom methine vong thom tuong ung véi céac vi tri C-2/ C-6 (dc 131,4) va C-
3/ C-5 (6c115,0). So sanh cac két qua phén tich phd nay véi tai liéu tham khao cho
phép két luan hop chét CI9 1a p-hydroxybenzoic acid [101].



85

008" e—

GPE'E—

™

ppm

00

g
20

Phé 'H NMR ciia hop chdt CI9

Hinh 3.43.



86

— = o

— U = (= 0D O D
. - == = IR e Ty B I =
—~ — Ty I T
WD AD ™ — o SOy G O Oy
— — — = ) 0 07 T

X N | " N -

I | I I I | I
220 200 180 160 140 120 100 80 60 40 20 ppm

Hinh 3.44. Phé 3C NMR cuia hop chdt CI9



87

3.1.10.Ban ludn vé két qud phan lap cdc hop chit tiv hoa ciic ving

Tir cc cao chiét hoa cuc vang bang cac dung moi khac nhau, chiing t6i dd phin
1ap dugc 9 hop chét. Phan 16n cac chat duoc phan lap 1a cac flavonoid, nhoém chit thé
hién nhiéu hoat tinh sinh hoc quy. Ngoai ra, tir cao chiét thu nhan bang phuong phap
dun hdi luu voi acid, chung t6i dd phéan 14p duoc ba hop chit furan, trong d6 ¢6 2 hop
chat méi. Day 1a mot phat hién tha vi, do do, con dudng ban tong hop cac hop chat

nay tur cac thanh phan cua ctc hoa vang can dugc nghién ctru sau hon.

Kha nang tc ché vi khuédn lam cua cac chat s€ dugc trinh bay trong cac phan

ti€p theo cua luén an.

Hinh 3.45. Cdc hop chdt dwoc phdn ldp tir ciic hoa vang
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3.2. Xac dinh cAu tric cac hop chit tir keo tai twong (Acacia mangium)

3.2.1. Hop chit AM1 (chit méi)

Hinh 3.46. Cdu triic ciia hop chdt méi acacienoside A

Hop chat AM1 dugc phan 1ap duéi dang bot mau tring, c6 gia tri quay cuc [ar]3°
-12,6 (¢ 0,1, MeOH). Céong thirc phan tir ctia hop chit dugc xac dinh 13 Ca6HaoOs dua
vao ion gia phan tir [M+CI]" tai m/z 515,2417 (gia tri 1y thuyét 1a 5152411 cho
C26H4005C)) tir phd HR-ESI-MS.

x10 S
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Hinh 3.47. Phé HR-ESI-MS ciia hop chdt méi acacienoside A

Phb cong huong tir hat nhan proton thé hién ba tin hiéu dang singlet ctia ba
nhom methyl bac ba tai u 0,91 (3H, s, H-19), 1,08 (3H, s, H-18), va 0,97 (3H, s, H-
20). Ba proton methin dugc ghi nhan tai ou 0,95 (1H, m, H-5), 2,45 (1H, m, H-8), va
1,09 (1H, m, H-9). Bay tin hi€u proton methylen dugc ghi nhan trong khoang dy 1,14—

2,63 ppm. Ngoai ra, tin hiéu ctia proton methin lién két oxy xuét hién tai ou 3,22 (1H,
dd, J = 1,2; 7,6 Hz, H-3) va Ju 4,50 (1H, br m, H-12), cung véi cac tin hi¢u tr on
3,22 dén 3,87 ppm va mot proton anomer tai ou 4,34 (1H, d, J = 7,8 Hz), cho théy sur
hién dién ctia mot don vi duong. Pho cong hudng tir hat nhan carbon va phd HSQC
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xac nhan sy c6 mat cua 26 carbon, véi cac tin hi¢u dac trung cua carbon keton tai dc
211,3 (C-17) va hai carbon lién két oxy tai dc 90,4 (C-3) va dc 66,4 (C-12). Hai carbon
bac bdn xuat hién tai dc 140,3 (C-13) va dc 182,3 (C-14). Trong s d6, 20 tin hidu
dugc gan cho phan terpenoid va 6 tin hiéu duoc gan cho phan dudng. Cac dir liéu trén
tuong ty véi acacienone, mdt diterpenoid loai labdane da dugc phan lap tir cay Keo
tai tuong (Acacia mangium). Tuy nhién, sy khac biét ciia hop chat 1 so véi acacienone

la sy hi¢n dién thém mot don vi dudong va vi tri nhém hydroxyl tai carbon C-3.

Phén tich chi tiét cac phd COSY, HMQC va HMBC di x4c dinh rd sy lién két
giita cac carbon va proton. Phd COSY chi ra cic cdu tric ting phan twong tng vong
A (H-1/H-2/H-3) va vong B/C (H-5/H-6/H-7/H-8/H-9, H-9/H-11-H-12). Phé HMBC
thé hién céc twong quan tir proton methyl H-20 (du 0,97) dén carbon C-1 (dc 38.1),
C-5 (dc 55,6), va C-9 (oc 53,1), va tu proton methylen H-1, H-6 va proton methin H-
9 t6i carbon bac boén C-10, x4c nhan hai vong cyclohexan (A va B) ndi tai carbon C-
10. Céc tuong quan HMBC tur proton methyl H-18 (du 1,08) va H-19 (Ju 0,91) t61
cac carbon C-4 (dc 40,5), C-5 va C-3 (dc 90,4) khiang dinh hai nhém methyl gin vao
C-4. Cac twong quan HMBC giita proton methin lién két oxy tai 0H 4,50 véi carbon
bac bon tai 5c 140,3 (C-13), oc 182,3 (C-14) va carbon keton oc 211,3 (C-17) xac
nhan nhém hydroxyl ndm tai C-12. Thém vao d6, twong quan gitta proton H-3 (Jn
3,22) véi cac carbon C-4 va C-5 khang dinh nhém hydroxyl nam tai C-3. Cac tuong
quan HMBC tir H-15 (on 2,52, 2,63) va H-16 (du 2,40) t61 carbon keton C-17 va céc
carbon bac bon dang sp? C-13, C-14 goi y vong cyclopentenon (vong D), tao nén ciu
tric indanon cung vong C. Vi tri gin don vi dudng tai C-3 dugc xac dinh rd boi trong
quan HMBC tir proton anomer (Ju 4,34) dén carbon C-3 (dc 90,4). Cac hang sb ghép,

dich chuyén héa hoc va do da tin hiéu da chi rd cdu hinh f-glucose ctia don vi duong.

Céu hinh 1ap thé twong ddi dugc xac nhan bang phd NOESY, chi ra cac proton
H-3, H-5, H-9 va H-19 dinh hudng a, trong khi proton H-8 va methyl H-20 dinh
hudng f. Mot tuong tac NOESY 1o rang gitta H-7 va H-15 da xac dinh vi tri nhém
carbonyl tai C-17 thudc vong cyclopentenon (vong D). Dya trén phan tich toan dién
cac dir liéu pho, cdu tric cia hop chat AM1 d3 duoc xac dinh 1a mot diterpenoid loai

labdane méi véi tén goi 1a Acacienoside A.
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Hinh 3.51. Phé COSY ciia AM1
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3.2.2. Hop chit AM2 (chit méi)

x10 5
1.54

1.4
13
1.2
1.1
1
0.91
0.8+
0.7
0.6
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0.4
0.3
0.2+
0.1

0

OH

Hinh 3.54. Cdu triic ciia hop chdt méi acacionoside 3-glucoside

Hop chiat AM2 thu duoc duéi dang chit rin mau tring. Cong thirc phén tir cia
hop chit duoc x4c dinh 1a C19H3405 dua vao ion gia phan to [M+Cl] tai m/z 425,1947
(gia tri ly thuyét 1a 4251942 cho Ci9H3405Cl) trén phdo HR-ESI-MS.

425.1947

371.1819
o

| 407.1837 ‘
[} TR 1Y A PR TR ||

451.2080

571.2654
527.1336 ‘
el bl 17—

260 280 300 320 340 360 380 400 420 440 460 4
Counts vs. Mass-to-Charge (m/z)

80 500 520 540 560 580 600

Hinh 3.55. Phé HRMS ciia hop chat méi acacionoside 3-glucoside

Phé cong hudng tir hat nhan proton xudt hién tin hiéu cia mot proton anomer
tai ou 5,00 (1H, d, J = 9,0 Hz; H-1") va céc tin hi¢u proton 4,45 (1H, m, H-2'); 4,34
(1H, m, H-3"); 4,26 (1H, m, H-4"); 4,18 (1H, m, H-5"); 4,04 (2H, m, H-6") cho thay sy
hién dién cia mot don vi duong S-D-glucopyranoside. Bén canh d6, pho 'H NMR

ctia AM2 con xuét hién tin hiéu cua bén nhom methylene tai du 2,14 (1H, m; H-2a),
2,00 (1H; m, H-2b), 2,41 (1H, m; H-4a), 2,16 (1H, m; H-4b); 2,35 (1H, m; H-7a),
1,93 (1H, m; H-7b), 1,84 (1H, m; H-8a); 1,43 (1H, m; H-8b); hai tin hiéu oxymethine
tai 4,81 (1H; m; H-3) va 4,01 (1H; m; H-9) va tin hiéu ctia bén nhom methyl tai on
1,20 3H; d; J =7,2; H-10), 0,94 (3H; s; H-11), 1,3 (3H; s; H-12), 1,34 (3H; s; H-13).
Phé cong huong tir hat nhan carbon va phé HSQC xac nhan sy ¢ mat cua 19 carbon,
v6i céac tin hi¢u dac trung cia cac nhdm methylene tai dc 45,3 (C-2), 43,3 (C-4), 27,7
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(C-7), 35,9 (C-8); hai tin hiéu oxymethine tai dc 72,4 (C-3) va 77,1 (C-9); bén nhém
methyl tai dc 21,0 (C-10); 28,4 (C-11); 25,1 (C-12); 28,3 (C-13); céc tin hi€u cua
vong duong tai oc 102,5 (C-1'); 78,6 (C-2"); 76,1 (C-3"); 75,4 (C-4"); 71,7 (C-5"); 62,8
(C-6"); hai tin hiéu carbon khong lién két hydro bi oxi hoa tai dc 76,2 (C-5); 89,9 (C-
6) va mot tin hiéu carbon béac bén tai dc 41,1 (C-1). Twong tac trén phdé HMBC giira
H-1' (6n 5,00) voi C-3 (dc 76,1) cho phép xac dinh lién két 1'>3 O-f-D-glycoside
ctia phan tir duong véi phan aglycol. Trong khi d6, vi tri ciia cic nhom methyl duoc
xac dinh dua vao tuong tac gitta H-10 (ou 1,20) vo1 C-9 (oc 77,1), C-8 (dc 35,9); H-
11 (6n 0,94) va H-12 (du 1,30) v6i C-1 (dc41,1), C-2 (5c45,3), C-6 (dc 89,9); va giira
H-13 (ou 1,34) vo1 C-4 (oc 43,3), C-5 (oc 76,2), C-6 (oc 89,9). Vi tri cua nhom -OH
duoc xac dinh boi do chuyén dich hoé hoc cua C-5 (dc 76,2) va tuong tac gitra H-3
v6i C-5, trong khi ciu trac dong vong furan dugc xac dinh qua twong tac gitra H-9
(0n 4,01) v6i C-6 (oc 89,9).

Ciu trac cua hop chit AM2 twong dong rat 16n voi hop chat di biét 1a
(38*,5R*,6R*9R*)-6,9-epoxy-3,5-megastigmanediol 3-O-rutinoside [102] nhung
khac biét & gbc duong. Cau hinh twong d6i ctia phan aglycol trong cu trac ciia AM2
duoc xac dinh qua tuong tac NOE gitra H-10 (ou 1,20) véi H-13 (on 1,34), trong khi
khong quan sat duoc twong tac gitta H-9 (du 4,01) voi H-3 (Ju 4,81), H-10 (1 1,20)
v6i H-11 (01 0,94) va gitta H-3 (du 4,81) véi H-13 (0n 1,34). Tu cac dir ki¢n nay va
két hop so sanh voi dit liéu phd cua (3S*5R*6R*9R*)-6,9-epoxy-3,5-
megastigmanediol 3-O-rutinoside [102], c6 thé xic dinh AM2 1a hop chat
(38*,5R*,6R*95%)-6,9-epoxy-3,5-megastigmanediol 3-O-glucoside. Pay 1a mot hop

chat md&i va dugce dat tén 1a acacionoside 3-glucoside.

Hinh 3.56. Cdc twong tac HMUBC 7N yq NOESY # ™ X dic trung cua

acacionoside 3-glucoside
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3.2.3. Hop chit AM3

Hinh 3.62. Cdu triic ciia hop chdt 5-megastigmene-3,9-diol 3-O-B-D-

glucopyranoside

Hop chat AM3 thu dugc dudi dang chat rin khong mau. Trén phd 'H NMR xuét
hién tin hi€u cua hai proton oximethine tai ou 4,08 (1H; dddd; J = 12,0; 9,0; 5,4; 3,6 Hz;
H-3) va 3,71 (1H; m; H-9); tin hi¢u proton ctia cdic nhém methylene tai oy 1,85 (1H; m;
H-2a), 1,54 (1H; m; H-2b), 2,37 (1H; ddd; J = 4,8; 15,6; 12,6; H-4a), 2,01 (1H; ddd; J
=4,8; 15,6; 1,2; H-4b), 2,03 (1H; m; H-7a), 2,16 (1H; m; H-7b), 1,49 (2H; m; H-8), bon
tin hi¢u methyl tai ou 1,17 (3H; d; J = 6,1 Hz; H-10), 1,09 (3H; s; H-11), 1,07 (3H; s;
H-12), 1,61 (3H; s; H-13), mot tin hi€u proton anomeric tai on 4,45 (1H; d; J = 7,8 Hz;
H-1') cung v&i céc tin hiéu proton cua phan tir duong tai on 3,18 (1H; m; H-2'), 3,40
(1H; m; H-3"), 3,30 (1H; m; H-4"), 3,34 (1H; m; H-5"), 3,89 (1H; dd; J = 2.,4; 12,0; H-
6'a), 3,73 (1H; dd; J = 6,0; 12,0; H-6'b). Ph6 '*C NMR va HSQC ciia AM3 xuét hién
tin hiéu cua 19 C, bao g@)m hai tin hi€u carbon oximethine tai oc 73,2 (C-3), 69,4 (C-9),
bén nhom methylen tai dc 47,2 (C-2), 39,7 (C-4), 25,7 (C-7), 40,8 (C-8), boén nhém
methyl tai dc 23,1 (C-10), 28,7 (C-11), 30,4 (C-12), 20,4 (C-13), hai carbon olefin tai dc
125,0 (C-5), 138,4 (C-6), mot carbon bac bén tai dc va cac tin hiéu carbon ciia vong
duong tai oc 102,1 (C-1"), 75,3 (C-2"), 78,1 (C-3"), 71,5 (C-4"), 77,8 (C-5"), 62,8 (C-6").
CAu triic cua tiéu phan dudng f-D-glucopyranose dugc xac dinh dya vao d6 chuyén dich
hoa hoc ctia cic vi tri tuong tng va hang s6 twong tac J cia H-1. Lién két 1'>3-0O-
glycoside dugc xac dinh qua twong tac trén phd HMBC giita H-1' (dn 4,45) véi C-3 (¢
73,2). Vi tri ctia nhém OH dugc xéac dinh gian tiép qua twong tac gitta H-9 (dn 3,71) véi
C-10 (oc 23,1), C-8 (oc 40,8), cling nhu do chuyén dich hoa hoc cua C-9/H-9
(69,4/3,71).

Dit liéu ph6 cua hop chit AM3 triung khép véi dit 1idu di cong b cta hop chit 5-
megastigmene-3,9-diol 3-O-f-D-glucopyranoside hay linarionoside A [103]. Do do, c6
thé két luAn AM3 chinh 13 5-megastigmene-3,9-diol 3-O-f-D-glucopyranoside.
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3.2.4. Hop chit AM4
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Hinh 3.68. Cau tric cia kaempferol-3-0-a-L-rhamnopyranosyl-(1 26)-O-
[o-L-rhamnopyranosyl(1 22)]-O-f-D-galactopyranoside

Pho ESI-MS ctia hop chat AM4 cho tin hiéu m/z 741,22 [M + H]*, két hop véi
dir liéu phd 1D NMR goi y cho cong thirc phan tir ciia hgp chat AM4 C33H40NO»s.
Céu truc cua hop chat AM4 duoc xac dinh dua trén dit liéu phé cong hudng tur hat
nhan mot chiéu va hai chiéu ciia hgp chat. Dit liéu pho 1D NMR ciua AM4 di goi v
cho ciu tric ciia mot flavonoid glycoside voi hai viing tin hiéu riéng biét cia sau
proton thom ctia hop phan flavonoid aglycol (voi dn trong khoang tir 6,2 dén 8,1) va
cac tin hiéu dic trung cta proton thudc hop phan glycol (v6i du trong khoang tir 1,0
dén 5,3). Sau tin hiéu proton ciia hai hé vong thom bao gom hai proton thom & vi tri
meta co6 on tai 6,20 (1H, d, J = 1,8 Hz, H-6) va 6,39 (1H, d, J = 1,8 Hz, H-8) va tin
hiéu cua bdn proton dac trung cua hé vong thom hé A»B> ¢6 Ju tai 8,08 (2H, d, J =
9,0 Hz, H-2' va 6') va 6,92 (2H, d, J = 9,0 Hz, H-3' va 5') da goi y cho su c6 mat
kaempferol 14 hop phan aglycol trong cau triic ciia hop chat AM4. Do chuyén dich
clia cac nguyén tir carbon trén phd '*C-NMR ciing cho thay sy tuong dong 16n véi
cac tin hi¢u cua kaempferol [104] véi dc tai 158,4 (C-2), 134,4 (C-3), 179,4 (C-4),
161,3 (C-5), 101,8 (C-6), 165,8 (C-7), 94,7 (C-8), 158,7 (C-9), 105,8 (C-10), 123,1
(C-1"), 132,2 (C-2"), 116,2 (C-3"), 161,3 (C-4"), 116,2 (C-5"), 132,2 (C-6"), trur d0
chuyén dich ctia nguyén tir carbon & vi tri C-2 va C-3. Tin hiéu cta hai nguyén tur
carbon & vi tri nay twong ty véi cdc nghién ctru trude day [105] khi nhém 3-hydroxy
bi glycosyl hoa. Tin hiéu cua 3 proton anome ciing dé dang duoc phat hién trén dir
liéu phd NMR cuia hop chat voi on tai 5,62 (1H, d, J = 7,8 Hz, H-1"), 5,24 (1H, d, J
= 1,8 Hz, H-1") va 4,55 (1H, d, J = 1,2 Hz, H-1"") va tin hi¢u cta céc nguyén tir
carbon tuong ung dugc xac dinh nho dit li¢u phé HSQC véi oc lan luot tai 102,6 (C-
1"), 100,8 (C-1") va 101,8 (C-1""). Thém vao do, tuong tac cua proton va carbon trén
phd HMBC ta xac dinh duoc vi tri lién két giira don vi triglycoside v6i hop phan

aglycone va lién két gitra cac don vi glycoside: tuong tac gitta proton anome cua
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galactose (H-1") v&1 C-3 cua kaempferol, tuong tac gitta proton anome ctia nhom
rhamnose (H-1"") voi C-2" ctia galactose, proton anome ctia rhamnose (H-1"") véi C-
6" cua galactose. Dya trén cac dit liéu phd NMR cua hop chat AM4 két hop véi dit
litu phd di cong bd cua kaempferol-3-O-a-L-rhamnopyranosyl-(1>6)-O-[a-L-
rhamnopyranosyl (1>2)]-O-f-D-galactopyranoside [106], ta thdy su twong dong 16n
giira hai hop chit nay. Tir d6, hop chat AM4 dugc xac dinh 1a kaempferol-3-O-o-L-
rhamnopyranosyl-(1->6)-O-[a-L-rhamnopyranosyl(1->2)]-O-f-D-

galactopyranoside.
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3.2.5. Hop chit AM5

OH
OH OH
2" 3"
o a
OH
oﬁﬁ
OH
o
o
0 L5
HO OH
Hinh 3.73. Cdu triic ciia quercetin-3-O-a-L-rhamnopyranosyl-(1 26)-O-
[a-L-rhamnopyranosyl(1 22)]-O-f-D-galactopyranoside

Hop chit AMS5 thu duoc dudi dang tinh thé trong sudt hinh kim. Dt liéu phd
1D-NMR va 2D-NMR cua hop chat AMS5 cho thay sy trung hop hau hét cac tin hiéu
so vo1 dir liéu phé cua hop chit AM4, dic biét 1 sy xuét hién cua ba proton anomer
(v6i ou tai 5,68 (1H, d, J = 7,8 Hz, H-1"), 5,23 (1H, s, H-1") va 4,57 (1H,d, J = 1,2
Hz, H-1"")) va twong tic cta ctia cc proton ndy trén phd HMBC (twong tac gitta H-
1" véi C-3, H-1" v6i C-2" va H-1"" véi C-6") cho thdy hop chdt AMS5 1a dan xuét
flavonoid triglycoside v&i hop phan glycol gdm hai gdc rhamnose, mot gbc galactose
tuong tu nhu hop chit AM4. Su khéc biét chinh caa hop chit AM5 va AM4 duoc
thé hién & cum tin hiéu cong huong cua proton hé spin AB> cua AM4 duogc thay
bang tin hiéu cong huong cua hé spin ABX trén vong B tai on 7,72 (2H, d, J = 1,8
Hz, H-2"), 6,91 (1H, d, J = 9,6 Hz, H-5"), 7,59 (1H, dd, J = 9,6; 1,8 Hz, H-6'); cung
v6i d6 1a sy thay doi tin hiéu cua cac nguyén tir carbon tai oc 123,1 (C-1"), 116,2 (C-
2", 145,9 (C-3"), 149,6 (C-4"), 116,2 (C-5"), 123,1 (C-6"). Su khéc biét ndy cho thiy
su xuat hién ciia nhom thé OH & vi tri H-3 so v6i hop chit AM4 va gop phan xac
dinh hop phan flavonoid aglycol ciia hop chét nay 1a quercetin. Tir két qua bién luan
phd trén va so sanh véi s6 lidu & cac vi tri twong ng voéi tai liéu tham khao [106],
hop chit AMS5 duoc xac dinh 1a quercetin-3-0-a-L-rhamnopyranosyl-(1->6)-O-[a-
L-rhamnopyranosyl(1->2)]-O-4-D-galactopyranoside.
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3.2.6. Hop chit AM6

Hinh 3.78. Cdu triic cia afzelin

Ph6 '"H-NMR ctia AM6 cling xuét hién 6 tin hiéu proton thom dac trung cua
hop chét kaempferol tai ou 6,23 (1H, d, J = 2,4 Hz, H-6), 6,40 (1H, d, J = 2,4 Hz, H-
8), 7,79 (2H, d, J = 10,8 Hz, H-2', 6"), 6,96 (2H, d, J = 10,8 Hz, H-3', 5") tuong tu
nhu hop chdt AM4 va céc tin hiéu proton cta ¢ ving tin hiéu ctia hop phan glycol
véi on tai 5,40 (1H, d, J = 1,2 Hz, H-1"), 4.24 (1H, dd, J = 4,2; 1,8 Hz, H-2"), 3,78
(H, dd, J = 9,6; 3,6 Hz, H-3"), 3,36 (1H, m, H-4"), 3,36 (H, m, H-5"), 0,95 (3H, d, J
= 6,6 Hz, H-6"). Tin hiéu cta cac nguyén tir carbon thudc hop phan aglycol duoc xac
dinh dya trén twong tac trén trén phd HSQC cua hop chat, bao gdm Jc tai 158,7 (C-
2),136,2 (C-3), 179,4 (C-4), 163,4 (C-5), 100,1 (C-6), 166,7 (C-7), 94,9 (C-8), 159,2
(C-9), 105,7 (C-10), 122,6 (C-1"), 131,9 (C-2', C-6"), 116,5 (C-3', C-5"), 161,6 (C-4").
Tuy nhién dit liéu phd cta hop chit AM6 chi c6 mot tin hiéu proton anomer xuat hién
tai on 5,40 (1H, d, J = 1,2 Hz, H-1") thay vi ba proton anomer nhu hop chit AM4.
Do d6 hop chit AM6 duoc xac dinh 1a din xuit monoglycoside ctia kaempferol.
Ngoai ra, tin hiéu cta sau nguyén tir carbon thudc hop phan rhamnopyranose duoc
quy két trén phd *C-NMR trong d6 dc tai 103,5 (C-1") duoc quy két 1a tin hiéu cia
carbon anomer va céc tin hiéu ciia 5 nguyén tir carbon con lai gdm (C-2"), 72,0 (C-
3"), 73,2 (C-4"), 72,1 71,9 (C-5"), 17,7 (C-6"). Két qua bién luan pho trén da gitp xac
dinh hop chat AM6 bao gom kaempferol 1a hgp phan flavonoid aglycol va hgp phan
glycol 1a rhamnopyranose. Vi tri lién két gitta géc a-L-rhamnopyranoside va
kaempferol dugc x4c dinh ¢ vi tri C-3 dua trén tuong tac gitra proton anomer H-1"
v6i C-3 trén phd HMBC ctia hop chat AM6. So sanh véi dit liéu phd di cong bd
[107], ta x4c dinh duoc hop chat AM6 1a afzelin.
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3.2.7. Hop chit AM7

Hinh 3.80. Cdu triic ciia quercitrin

Pho ESI-MS ciia hop chat AM7 cho tin hiéu m/z 449,10 [M + H]", két hop véi
dix liéu phd 1D NMR goi y cho cong thirc phan tir cia hop chat AM7 1a C21H20011.
Pho 'H-NMR ciia hgp chdt AM?7 xuat hién hai ving tin hiéu proton: tin hiéu proton
ctia hop phan flavonoid aglycol ¢ du trong khoang 6,2 dén 7,4 va tin hiéu ctia proton
ctia hop phan glycol véi dn trong khoang 0,9 dén 5,5. Tir d6 cho phép ta khang dinh
hop chat AM7 1a dan xuét flavonoid monoglycoside. Céc tin hiéu proton cia hop
phan aglycol co sy twong dong rat 1on véi quercetin tai on tai 6,21 (1H, brs, H-6),
6,38 (1H, brs, H-8), 7,36 (1H, d, J = 8,4 Hz, H-2"), 7,32 (1H, dd, J = 8,4; 1,8 Hz, H-
5", 6,93 (1H, d, J = 8,4 Hz, H-6"), trong khi céc tin hiéu proton ctia hop phan glycol
lai tuong ddng v4i hop chat AM6 (rhamnopyranoside). Ngoai ra, twong tac gitra H-
1" voi C-3 trén phd HMBC cho phép xéac dinh vi tri lién két glycoside gitta hop phan
aglycol va glycol ciia hop chdt AM7. So sanh véi tai liéu tham khao [108] ta xac dinh
dugc hop chat AM7 1a quercitrin.
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3.2.8. Hop chit AMS

OH O HO

Hinh 3.85. Cau triic cia astragalin

Pho ESI-MS cuia hop chiat AM8 ghi nhén tin hiéu ion gia phan tir tai m/z 449,10
[M + HJ*, phut hop véi cong thic phan tir C2iH2001:. Pho '"H-NMR (600 MHz,
CDs0OD) cua AMS thé hién cac tin hiéu dic trung cua mét flavonoid, bao gff)m: OH
6,41 (1H, d, J = 2,4 Hz, H-6), 6,22 (1H, d, J = 2,4 Hz, H-8), 8,07 (1H, d, J = 8,4 Hz,
H-2'/6"Yva 6,91 (1H, d, J = 8,4 Hz, H-3'/5"). Céc tin hi¢u proton nay goi y cho sy hi¢n
dién cua hé thong vong A va vong B cia mot dan xuat kaempferol. Pho *C-NMR
(150 MHz, CDsOD) ctia AMS8 ghi nhéan tong cong 21 tin hiéu carbon, bao gom cac
carbon sp? ¢ dc 159,1 (C-2), 135,4 (C-3), 179,5 (C-4), 163,0 (C-5), 104,1 (C-6), 166,0
(C-7), 94,8 (C-8), 158,5 (C-9), 105,8 (C-10); cac tin hi¢u carbon cua vong B trong
khung flavonoid tai dc 122,8 (C-1"), 132,3 (C-2'/6"), 116,1 (C-3'/5"), va 161,6 (C-4").
Céc tin hiéu nay phu hop vai khung kaempferol trong phan aglycone. Ngoai ra, sy
hién dién cia mot don vi duong duoc xac dinh qua cac tin hi¢u proton anomeric ou
5,23 (1H, d, J = 9,0 Hz, H-1") cho thdy dudng lién két S-glycosidic, Cac proton duong
tai oH 3,72 (H-2"), 3,56 (H-3"), 3,86 (H-4"), 3,32 (H-5"), va 3,24 (H-6"). Pho "*C-
NMR ciing hd trg diéu nay vai cac tin hiéu carbon tai 99,9 (C-1"), 75,8 (C-2"), 78,1
(C-3"), 71,4 (C-4"), 78,4 (C-5"), va 62,7 (C-6"). Pang chu ¥, d6 chuyén dich hoa hoc
C-6" xuit hién ¢ dc 62,7 ppm, twong tng véi nhom -CH.OH dic trung cta S-D-
glucopyranose, thay vi tin hi€éu methyl (-CHs) ¢ khoang 17-18 ppm nhu trong
rhamnose. Piéu nay, cung v6i sy hién dién cua hai proton methylene & C-6" (khac
v6i mot proton methyl nhu ¢ rhamnose), cho thiy rd rang rang hop chat AMS8 chua
mot don vi f-D-glucopyranose. Piéu ndy xic nhan sy thay thé don vi a-L-
rhamnopyranose ctia AM6 bang f-D-glucopyranose trong AMS. So sanh véi tai liéu
tham khao [109], ta c6 thé xac dinh hop chat AMS 1 astragalin.
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3.2.9. Hop chit AM9

OH O HO

Hinh 3.88. Cdu triic cua isoquercetin

Pho 'H-NMR cua AM9 xuét hién céc tin hiéu dic trung cua hai mot hé vong
thom AX taion 6,21 (1H, d, J = 2,4 Hz, H-6), 6,39 (1H, d, J = 1,8 Hz, H-8), va m{t
hé vong thom ABX taion 7,73 (1H, d, J =2,4 Hz, H-2"), 7,58 (1H, dd, J=8.,4, 2,4
Hz, H-5"), 6,88 (1H, d, J = 8,4 Hz, H-6'). Ngoai ra, su hién dién cua mdt don vi
duong dugc xac dinh qua céc tin hi€u proton anomeric tai ou 5,25 (1H, d, J =9,0
Hz, H-1") cho thdy dudng lién két S-glycosidic, cac proton dudng con lai quan sat
duoc tai ou 3,74 (1H, m, H-2"), 3,60 (1H, m, H-3"), 3,50 (1H, m, H-4"), 3,46 (1H, m,
H-5"), 3,26 (2H, m, H-6"). Ph6 *C-NMR xuét hién cac tin hiéu carbon thom tai dc
158,4 (C-2), 135,6 (C-3), 163,0 (C-5), 104,4 (C-6), 166,0 (C-7), 94,7 (C-8), 159,0 (C-
9), 105,7 (C-10), 123,2 (C-1"), 116,0 (C-2"), 145,9 (C-3"), 149,8 (C-4"), 117,6 (C-5"),
123,0 (C-6"); mdt tin hiéu carbonyl tai 179,4 (C-4), cung véi céc tin hi¢u cua mdt
phan tir duong glucose tai 99,9 (C-1"), 75,7 (C-2"), 78,3 (C-3"), 71,2 (C-4"), 78,1
(C-5"), 62,6 (C-6). Cac tin hiéu phd cia AM9 cho phép du doan cdu trac cia mot
hop chit flavonol glycoside, v6i nhiéu diém twong dong vé céc tin hiéu trong phan
aglycol voi AMS. So sanh dit liéu phd ctia hop chét véi tai liéu da cong bd [110], c¢6
thé khang dinh hop chat AM9 1a isoquercetin.
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3.2.10.Hop chit AM10

Hinh 3.46. Cdu triic ciia AM10

Hop chat AM10 thu dugc duéi dang chat dang diu mau vang nhat. Trén phd 'H
NMR ctia AM10 xuit hién cac tin hiéu proton thom tai ¢ 6,55 (1H, s, H-5"), 0 6,41
(1H, br s, H-6) va ¢ 6,39 (1H, br s, H-2). Bén canh do, phé '"H NMR ctia AM10 con
xuét hién cac tin hiéu proton methylene bi oxy héa tai ¢ 3,66 (1H, dd, J =10,8; 7,2
Hz, H-9'a), 0 3,56 (1H, dd, J = 10,8; 6,6 Hz, H-9'b), ¢ 3,42 (1H, dd, J = 10,8; 4,8
Hz, H-9a) va ¢ 3,85-3,77 (1H, m, H-9b). Ngoai ra, cac tin hi¢u proton methine tai &
4,40 (1H, d, J = 6,6 Hz, H-7), ¢ 2,08 (1H, m, H-8) va 0 1,72 (1H, m, H-8') cung vé&i
cac proton methylene ¢ 2,65 (1H, dd, J = 15,0; 12,6 Hz, H-7'a) va ¢ 2,73 (1H, dd, J
=15,0; 4,2 Hz, H-7'b) cling dugc ghi nhan. Tin hi€u proton hemiacetal xuét hién tai
04,21 (1H, d, J = 7,8 Hz, H-1"), bén canh céc tin hiéu proton methylene oxy hoa
3,85-3,77 (1H, m, H-5"a) va ¢ 3,19 (1H, dd, J = 10,8; 4,8 Hz, H-5"b). Céc tin hi¢u
proton methine oxy héa khac g@)m 0 3,49 (1H, ddd, J =10,8; 9,0; 4,8 Hz, H-4"), o0
3,38 (1H, m, H-3") va ¢ 3,21 (1H, dd, J = 9,0; 5,4 Hz, H-2") x4ac nhan sy hién dién
cua mgt don vi pentose. Cac tin hi€u proton methoxy ¢ 3,88 (3H, s, 2'-OCHa), 0 3,73
(3H, s, 3-OCHa), ¢ 3,73 (3H, s, 5-OCHs) va ¢ 3,30 (3H, s, 4'-OCHs) cling dugc ghi

nhan.

Ph6 *C-NMR (150 MHz, CD;OD) cho thay 6 tin hiéu carbon thom gan oxy [J
149,0 (C-3), 6 149,0 (C-5), 0 148,7 (C-3"), 0 147,6 (C-2"), 0 138,9 (C-4") va 0 134,5
(C-4)], 3 tin hiéu carbon thom khéng lién két hydro [0 139,4 (C-1), 6 130,2 (C-1'), §
126,4 (C-6")], cung v&i 3 tin hi¢u carbon thom [0 107,8 (C-5"), 6 107,0 (C-2), 6 107,0
(C-6)], cho thiy céu truc chira hai vong benzene. Bén canh d6, trén phd con xut hién
2 tin hiéu carbon methylene oxy héa d 71,1 (C-9) va 6 66,1 (C-9"). O vung aliphatic,
quan sat dugc 3 tin hi¢u carbon methine 6 46,7 (C-8), 0 43,0 (C-7) va ¢ 40,6 (C-8"),
cung vdi 1 tin hi€u carbon methylene 0 33,9 (C-7").

Dua trén sy xuat hién cua céc tin hi¢u nay, xdc dinh AM10 1a mot lignan chira

khung pyran. Céc proton H-7, H-8 va H-8' déu c6 hang sb lién két 16n, dic trung cho
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cAu hinh trans giita chung. Vi tri ciia vong duong duoc xac dinh dya vao tuong tic
HMBC gitra proton hemiacetal 6 4,21 (H-1") voi C-9 (6 71,1) Dua trén so sanh gia
tri [a]%® -32,6 cia AM10 véi dit liéu tai lidu ctia lyoniside (c6 H-7 dinh hudng a, goc
quay +27 dén +28) [111] va dic tinh cdu tric twong ty cua nudiposide (H-7 dinh
huéng B, goc quay -52 ) [112], c6 thé suy ra rang H-7 trong AM10 c6 dinh huéng 8.
Céc tin hiéu carbon lién quan dén don vi duong (8 105,5 (C-1"), 78,0 (C-2"), 75,0 (C-
3"), 71,3 (C-4"), 67,0 (C-5")) phu hop véi don vi D-xylopyranose. Gia tri hing s lién
két J = 7.8 Hz cua proton hemiacetal § 4,21 (H-1") cho thdy dudng lién két theo ciu
hinh . Tur cac dir liéu phé va so sanh véi dir liéu da dugce bao cdo, hop chat AM10

duogc xac dinh 1a nudiposide.



135

o
3
ppm

691"

Spe”
Lve’
gpoe-
FEE"’
Lge”
gEE"
EEE’
GEE"
gee”

e

T

I
4
o [=r
N
LE=18 o

T

£ge”
8SE"
B9E”
FER”
opd*
ogp”

R i i

SLE®
F8F”
oeb”
Zeb’

|\l JLJ-LTL'-I[L‘l_A_A_A_M
B bl b S |
3 2 1

e

2;ssq§;

Hinh 3.47. Pho

i |
7

LG’
I8s’
29g’
696°
08g”
089"

g899°

el
9€E8”"
SF8°
GG8"*
Y
ro8”

IR 0
10

T

1

reEC”
Lye”
ghE”
EO0F”
[
Z65"

T

-
12

-
uwy
==

L7 =B Y = B R N B i T O I O Rt TR O I O 0 O 0 T T A2 e O o T R R 0 B 0 I o o R T T B o N 0 O O o O o T T T T B I B B B

ua AMI10

"H NMR ¢

2



136

0 ppm

T
20

| | | T | |
200 180 160 140 120 100

|
220

Hinh 3.48. Phé 13C NMR ciia AM10



137

- 100
’ 105
-110

115

T T T T T T 1 T T T
.0 5.5 5.0 4.5 4.0 3.5 3.0 2,5 2.0 1.5 ppm

Hinh 3.49. Phé HSOC ciia AM10



138

Hinh 3.50. Phé HMBC ciia AM10
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3.2.11.Hop chit AM11

Hinh 3.51. Cau truc cua acacienone

Pho '"H-NMR ciia hop chit AM11 cho thay céc tin hiéu dic trung ctia hai nhoém
methyl tai ou 0,78 (3H, s, H-20) va 1,06 (3H, d, J = 5,4 Hz, H-19), hai proton
methylene olefin tai du 4,56 (1H, s, H-18a) va 4,80 (1H, s, H-18b), cung céc tin hi¢u
methine va methylene khac trong vung 1,17-3,66 ppm. Hai proton methine oxy hda
duoc ghi nhan tai ou 3,66 (1H, dt, J = 11,4; 5,4 Hz, H-1) va 6H 3,33 (1H, dd, J =
12,0; 5,4 Hz, H-12). Pho “C-NMR (150 MHz, CDsOD) cia AM11 ghi nhén 20 tin
hiéu carbon, bao gém tin hiéu carbon carbonyl & dc 211,5 (C-17), céc carbon sp? bac
bbn & dc 140,4 (C-13) va 182,2 (C-14), va cac carbon methylene, methine sps rai rac
tir oc 25,8 dén 80,1 ppm. Tin hiéu ciia hai nhom methyl quan sat duogc tai dc 7,5 (C-
20) va 18,3 (C-19). Céc tuong quan COSY va HMBC (dit liéu tham chiéu) cho phép
xay dung cac doan mach chinh nhu C-1/C-2/C-3/C-19 va tir C-5 dén C-12, duoc ndi
v6i nhau qua carbon bac bén C-4 (5c 154,6). Hé cyclopentenone dugc ndi voi phan
C-8—C-12 thong qua céc tin hi€u proton va carbon ddc trung.

Dua trén dit liéu pho va so sanh voi hop chét acacienone da biét [113], két luan
rang ciu trac cia AM11 tuong (mg véi acacienone. Hop chat nay ting duoc phan lap

tir 14 keo trong mot cong bd trude day [113].
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Hinh 3.57. Phé NOESY ciia AM11
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3.2.12. Ban ludn vé két qua phén Igp cdc chit tiv ld keo

T dich chiét 14 Acacia mangium, 11 hop chit di duoc phan 1ap (Hinh 3.58),
trong d6 ndi bat nhit 1 hai hop chit méi, AM1 va AM2 thudc nhém terpenoid
glycoside. Bén canh d6, ching t6i ciing phan 14p duoc mot hop chat terpenoid
(AM12) va mdt terpenoid glycoside (AM3), cung sau hop chét flavonoid glycoside.
Diy déu 1a cic nhom chét chira nhiéu hoat tinh sinh hoc quy. Kha ning tc ché vi

khuan lam ctia cac chat s€ dugc trinh bay trong cac phan ti€p theo ctia luan an.

Hinh 3.58. Cdc hop chdt phan Idp tir 1d keo tai twong (Acacia mangium)
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3.3. Hoat tinh irc ché vi khuan lam M. aeruginosa cia cac cic hop chit phan

lap dwoc

Bdng 3.3.  Hoat tinh irc ché M. aeruginosa ciia mot sé hop chdt dwoc phdn ldp

Chit thir nghiém ICs (UM)
(E)-3-((5-(methoxymethyl)furan-2-yl)methylene)- 85,0+7,2
4-oxopentanoate (CI1)

Methyl (£)-3-((5-(methoxymethyl)furan-2- > 100
yl)methylene)-4-oxopentanoate (CI2)

Methyl (E)-3-(furan-2-ylmethylene)-4- > 100
oxopentanoate (CI3)

Acacetin (CI4) 51,7+3.3
Apigenin (CIS) 554+4,5
Acacetin 7-O-f-D-glucopyranoside (CI6) 76,8 £ 8,6
Acacetin 7-O-rutinoside (CI7) 81,3+74
Apigenin 7-O-f-D-glucopyranoside (CI8) 85,5+6,5
p-Hydroxybenzoic acid (CI9) 62,6 £5,1
Acacienoside A (AM1) 79,2 £ 8,0
Acacionoside 3-glucoside (AM2) 83,4+7,6
5-megastigmene-3,9-diol 3-O-f-D-glucopyranoside >100
(AM3)

Kaempferol-3-O-a-L-rhamnopyranosyl-(1-26)-O- >100
[a-L-rhamnopyranosyl(1->2)]-O-f-D-

galactopyranoside (AM4)
Quercetin-3-0-a-L-rhamnopyranosyl-(1->6)-O-[a- >100
L-rhamnopyranosyl(1-2>2)]-O-f-D-

galactopyranoside (AMS)

Afzelin (AM6) >100
Quercitrin (AM?7) >100
Astragalin (AMS) 88,7+7,2
Isoquercetin (AM9) 85,9+7,8
Nudiposide (AM10) 952+ 11,1
Acacienone (AM11) >100
CuSOq4 41,8+3,9

Hoat tinh trc ché vi khuan lam M. aeruginosa cta cac hop chit duoc phan lap

c6 su khac biét dang ké. Két qua khao sat hoat tinh e ché Microcystis aeruginosa

cho thay trong sb cac hop chat phan lap tir Chrysanthemum indicum (nhém CI), cac

flavonoid aglycones acacetin (CI4, ICso = 51,7 + 3,3 uM) va apigenin (CIS5, ICso =
55,4+ 4,5 uM) thé hién hoat tinh rc ché manh, chi Xép sau CuSO4 (ICs0 =41,8 +3,9
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uM). Nhom céc dan xuét furan (CI1-CI3) c6 hoat tinh thip hon, trong d6 chi CI1
(ICso = 85,0 + 7,2 uM) cho hiéu qua trung binh, con CI2 va CI3 déu c6 ICso >100
uM, cho thay su methoxymethyl héa trén nhan furan (CI1) gitip cai thién hoat tinh
so v6i furan khong thé (CI3), mic du mirc cai thién con han ché. Dbi v6i nhom
flavonoid glycosides (CI6—CI8), gia tri ICso déu cao hon so véi cac aglycones tuong
tmg, dién hinh nhu acacetin 7-O-8-D-glucopyranoside (CI6, ICs = 76,8 + 8,6 uM)
va Apigenin 7-O-8-D-glucopyranoside (CI8, ICso = 85,5 + 6,5 uM), goi ¥ rang qué
trinh glycosyl héa lam giam 13 rét kha ning (rc ché vi khuan lam.

Déi voi cac hop chit phan 1ap tir Acacia mangium (nhém AM), phan 16n céac
chat khao sat co hoat tinh thap, v&i nhidu hop chit c6 ICso >100 pM. Trong nhém
terpenoid (AM1-AM3, AM11), chi acacienoside A (AM1, ICso = 79,2 £ 8,0 uM) va
acacionoside 3-glucoside (AM2, ICso = 83,4 + 7,6 uM) thé hién hiéu qua trung binh,
trong khi AM3 va AM11 khong cho thay hoat tinh ddng ké (ICso >100 uM). Nhom
flavonoid glycosides (AM4-AM9) ciing chu yéu co6 ICs >100 uM, ngoai trir
astragalin (AMS, 1Cso = 88,7 £ 7,2 uM) va isoquercetin (AM9, ICso = 85,9 = 7,8 uM)
thé hién hoat tinh trung binh. O nhém lignan, nudiposide (AM10) c6 ICso = 95,2 +
11,1 puM, cho thay hiéu qua trc ché kém hon so véi cac flavonoid aglycones tir C.

indicum.

Toém lai, cac flavonoid aglycones (CI4, CI5) phan lap tir C. indicum ndi bat voi
hoat tinh trc ché manh, trong khi phan 16n cac glycosides tir C. indicum va A.
mangium déu cho hoat tinh yéu hon 1 rét. Cac terpenoid va lignan tir A. mangium
cling cho thay hiéu qua thap, goi ¥ rang tiém ning phat trién cac hop chét e ché vi

khuan lam chu yéu tap trung vao céac flavonoid aglycones tu do.

3.4. Xac dinh ty 1 phdi tron t6i wu cho hén hop cao chiét e ché vi khuin lam

Microcystis aeruginosa

Cao chiét tir cAy man tudi (Eupatorium fortunei Turcz.) da duoc nghién ctru va
chtrng minh c6 kha nang trc ché rd rét sy sinh trudng cua vi khuin lam doc, dic biét
1a loai Microcystis aeruginosa, tac nhan chinh gay né hoa tdo dgc trong cac thuy vuc
nuée ngot. Cac nghién ctru trude day cua chung toi da chimg minh dich chiét ethyl
acetate tr cdy man tudi & nong d6 500 pg/mL c6 hiéu suit e ché sinh trudng M.
aeruginosa 1€n té1 95,5%, vuot tr1 so voi cac dich chiét methanol va nuéc & cung
ndng d6 [93, 94]. Bén canh do, hop chit o-coumaric acid phan 1ap tir man tudi ciing
dugc ghi nhan kha nang uc ché manh loai vi khuan lam nay, voi hi¢u suét dat toi
76,76% tai néng d6 100 mg/L [84]. Mot sb thur nghiém trén mau nuéc hd Hoan Kiém
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cling cho thiy dich chiét ethyl acetate tir cdy man tudi (¢ ndng do 500 pg/L) di tc
ché dang ké su phat trién cua quan thé vi khuan lam Microcystis chiém wu thé, hiéu
qua tuong duong CuSOs ¢ muc 2 pg/L [92]. Trén co s cac két qua nay, nhim ning
cao hi¢u qua di¢t vi khuén lam déc, ching to1 tién hanh phéi tron cao chiét man tudi
v6i cao chiét tir cuc hoa vang (C. indicum) va keo tai twong (4. mangium) nham khai
thac tdi da hiéu tng hiép ddng cua cac hop chét ty nhién tir nhitng ngudn thwe vat da

dang.
3.4.1. Pdnh gid hoat tinh ciia cdc cao chiét riéng 16 va mét s6 hén hop cao chiét
Két qua vé hiéu qua tc ché vi khuan lam M. aeruginosa cia céc loai cao chiét
riéng 1¢ va hdn hop 2-3 cao chiét, & ndng d6 200 pg/mL, dugc trinh bay chi tiét trong
bang dudi day.
Bang 3.4.  Hoat tinh vrc ché vi khudn lam M. aeruginosa ciia cdc cao chiét va

hén hop cao chiét

A N . . Cic hoa vang
Tén hon Man tu¢i (Ef) | Keo tai twgng . i <
b %) (Am) (%) (Gi) % wc che
(1] (1]
P (%)
MC_Ef 100,00 0,00 0,00 29,31+ 1,24
MC_Am 0,00 100,00 0,00 26,58 + 1,57
MC_Ci 0,00 0,00 100,00 30,26 £ 3,02
MC_EfAm 50,00 50,00 0,00 38,73 £2,59
MC_EfCi 50,00 0,00 50,00 37,67+ 1,97
MC_AmCi 0,00 50,00 50,00 39,25+ 2,11
MC_EAC 33,33 33,33 33,33 71,63 + 6,58
Poi chirng dwong CuSO; 52,69 + 3,36

Dir lidu vé hiéu qué e ché vi khuan lam Microcystis aeruginosa cho thiy ca ba
loai cao chiét riéng 1¢ déu co6 kha nang Uc ché nhét dinh, voi hiéu qua dao dong trong
khoang 26,5-30,2%. Trong d0, cao chiét tir ctc hoa vang (Ci) thé hién hiéu qua tc
ché cao nhét (30,2%), nhinh hon so v&i méan tudi (Ef, 29,3%) va keo tai tugng (Am,
26,5%). Khi két hop hai loai cao chiét, hiéu qua uc ché duoc cai thién dang ké. Hon
hop gitra Am va Ci dat muc uc ché 39,2%, cao hon so véi cac hdn hop Ef + Am
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(38,7%) va Ef + Ci (37,6%), cho thay kha ning ting cudng tac dong khi phdi hop cac
hop chét tir hai ngudn thue vét khac nhau.

Dang chi ¥, hdn hop ba thanh phan vdi ty 16 bang nhau (Ef:Am:Ci = 1:1:1), ky
hiéu MC EAC, cho hi¢u qua uc ché vuot troi, dat 71,6%. Muc tc ché nay khong chi
cao gan gip doi so voi ting cao chiét riéng 1¢, ma con vuot xa so véi cac hdn hop hai
thanh phan, cho thdy kha ning cong huéng hodc hiép luc rd rét khi phdi hop ca ba
loai cao chiét. So sanh voi d6i chimg duong (CuSOs, hiéu qua e ché 52,6%), hdn
hop MC_EAC con thé hién hiéu qua cao hon dang ké. Piéu nay cho thay, viéc phdi
hop ba loai cao chiét dem lai hiéu qua cao hon dang ké so vé6i st dung ting loai cao
chiét.

3.4.2. Ty 1é téi wu ciia hon hop cao chiét digt vrc ché vi khuan lam Microcystis

aeruginosa

Két qua tir bang 2.2 cho thay hiéu qua trc ché vi khuan lam M. aeruginosa thay
d6i 6 rét theo ty 1€ phéi tron cac cao chiét tir ba loai thuc vat E. fortune, A. mangium
va C. indicum. Trong d6, hdn hop phdi tron véi ty 1é can bang (33,33% mdi thanh
phan) thé hién hiéu qua trc ché cao nhat, dat 1an luot 71,48 + 3,19% va 71,65 + 5,62%,
chting t6 c6 su twong tac hiép dong toi uu gilta cac thanh phan nay. Nguoc lai, cac
hdn hop c¢6 ham lugng C. indicum cao (>61,67%) nhung ham luong thap (5%) cua
hai loai con lai cho hiéu qua thip hon dang ké, chi dat 38,13 + 2,08% va 39,63 +
1,76%. Piéu nay cho thay hiéu qua tc ché vi khuan lam khong chi phu thudc vao ty
1€ cao cua mot thanh phﬁn riéng 1¢, ma con yéu cau su can d6i hai hoa gilra cao chiét
cac loai thuc vat. Cac hon hop gidu 4. mangium (>61,67%) nhung chira it C. indicum
(<19,17%) ciing ghi nhan hiéu qua kha t6t, dao dong tir 59,90 + 3,06% dén 61,62 +
3,82%. Két qua nghién ctru khing dinh vai trd quan trong cia tuong tac hiép dong
gifta cic cao chiét trong viéc nang cao kha ning trc ché ddi véi vi khuan lam M.

aeruginosa.

Két qua phan tich phuong sai (ANOVA) (Bang 3.5) d6i voi md hinh Reduced
Special Quartic, cho thidy mé hinh dugc lya chon 14 pht hop va c6 d6 twong thich cao
v6i dir liéu thuc nghiém trong nghién ciru toi wu hoa ty 18 phdi tron cac cao chiét
nham tc ché vi khuan lam M. aeruginosa. Trudc hét, gia tri F ciia mo hinh dat 87,02
v6i p-value rat nho (9,79 x 10719), cho thdy mé hinh c6 ¥ nghia thdng ké va kha ning
mo hinh nay xuat hién do nhiéu 1a cuc ky thap (<0,01%). Diéu nay khang dinh ring
cac yéu t6 trong mo hinh ¢ anh huong dang ké dén hiéu qua e ché. Cac thanh phan
hon hop A (E. fortune), B (A. mangium), C (C. indicum), cung véi tuong tac BC va

thanh phan bac cao A2BC déu co p-value < 0,05, do d6 1a cac yéu td c6 y nghia trong
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mo hinh. Mic di mot sb hiéu tng nhu AB va AC khong dat mirc y nghia thong ké (p
> 0,05), nhung viéc giit cac hiéu tmg nay 1 hop 1y néu xét dén yéu cau duy tri tinh
thtr bac (hierarchy) ciia moé hinh.

Bén canh d6, kiém dinh Lack of Fit cho thdy mé hinh khong c6 sai s6 phut hop
dang ké so vdi sai s6 thuan (F = 1,10; p = 0,4466), chting td mo hinh da phan anh tot
xu huong bién dong cua dir liéu thuc nghiém va khong c6 hién tugng sai s6 c6 hé

thdng chua duoc giai thich.

Téng hop cac yéu td trén, ¢6 thé két luan rang mo hinh Reduced Special Quartic
13 lya chon phu hop dé moé ta va du doan hiéu qua trc ché cua cac hdn hop cao chiét,
ddng thoi c6 thé duoc sir dung tin cdy trong qua trinh tdi wu hoa cong thirc phbi tron.
Bé mat dap ung (RSM) ctia mé hinh d6i véi dit lidu vé hon hop cao chiét dugc bicu
dién dudi day.

inhibitory efficiency (%)

B: Acacia mangium (%) C: Chrysanthemum indicum (%)

inhibitory efficiency (%) B (90)

Hinh 3.1. Bé mdt ddp vng giita ty Ié cdc cao chiét véi phan tram ik ché vi

khuan lam M. aeruginosa cua hon hop
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Bdng 3.5.  Phdn tich phwong sai (ANOVA) cho mé hinh Reduced Special Quartic véi bién dép vg la hiéu qud tke ché vi khudn lam
M. aeruginosa
Ny Tong binh T inh binh
Ngudn bién ong bin Bic tu do rung binh bin Gi tri F Gid trip S
(Source) phuong (df) phuong (F-value) (p-value) Y nghta thong ke
(Sum of Squares) (Mean Square)
M5 hinh (Model) 2910,2053 6 485,0342 87,02 9,79 x 10°1° Cé ¥ nghia
Hon hop tuyé
on tﬁf’h uyen 339,9638 2 169,9819 30,50 1,23 10°3 C6 ¥ nghia
Tuong tic AB 4,8966 1 4,8966 0,88 0,3657 Khong ¥ nghia
Tuong tic AC 19,7181 1 19,7181 3,54 0,0826 Khéng ¥ nghia
Tuong tac BC 881,0892 1 881,0892 158,08 1,19 x 10°® Cé ¥ nghia
Tuong téc ba
vong Aj‘]‘; Cac €40 332,8235 | 332,8235 59,71 3,26 x 10 C6 ¥ nghta
Phan du
72,4599 13 5,5738
(Residual) ’ ’
Sai lech khong 35,1190 6 5,8532 1,10 0,4466 Khong ¥ nghia
phu hop
Sai s6 thuan tiy 37,3409 7 5,3344
Tong cong 2982,6653 19

Chau thich bién:

e A: Ty 1& (%) cao chiét tir Eupatorium fortune

« B: Ty 18 (%) cao chiét tir 14 keo Acacia mangium

o C:Ty1& (%) cao chiét tir Chrysanthemum indicum
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Tu mo6 hinh duoc lya chon, céac ty 1€ t8i wu gilta cac thanh phz‘in duoc tinh toan

va dé xuat nhu duoi day.

Bang 3.6. Ty 1é t6i wu dwoc dé xudt tir RSM ciia cdc cao chiét trong hon hop

STT | %E. fortune | % A. mangium | %C. indicum %IE du doan
1 36,39 30,45 33,16 71,80
2 41,68 27,80 30,52 71,77
3 39,77 31,85 28,38 71,70
4 39,92 30,11 29,97 71,90
5 35,17 31,89 32,93 71,71

Bang 3.6 cho thay ty 1& cao chiét Eupatorium fortune dao dong tir 35,17% dén
41,68%, Acacia mangium tu 27,80% dén 31,89%, va Chrysanthemum indicum tr
28,38% dén 33,16%. Su dao dong nay trong khoang tir 4 dén 6% cho thiy vung t6i
uu kha on dinh, va hiéu qua khong bi anh huéng nhiéu bdi nhitng thay d6i nho trong
ty 1& phéi tron. V& hiéu qua trc ché du doan, cac cong thirc trong bang déu cho gia tri
rt cao va tuong duong nhau, dao dong tur 71,70% dén 71,90%, v&i mte chénh 1éch
chi 0,20%. Piéu nay cho thdy mé hinh du doan phan anh mét ving tdi uu rong, trong
d6 nhiéu t6 hop ty 1¢ khac nhau vin mang lai hiéu qua sinh hoc trong duong.

Ttr nhitng dir liéu trén, chung t6i dé xuét cong thirc phdi trén véi ty 16 40% cao
chiét E. fortune, 30% A. mangium va 30% C. indicum. Ty 18 nay nam hoan toan trong
khoang t6i uu di duoc xac dinh, déng thoi gan voi cac cong thirc cho hiéu qua cao
nhat. Hon nita, sy don gian va can d6i cia ty 1é ndy mang lai lgi thé thyc tién trong
viéc chuan bi, gia giam va trién khai trén quy mé tng dung, ma vin dam bao hiéu
qua e ché vi khuan lam M. aeruginosa & muc t6i wu. Két qua kiém tra lai hiéu qua
{rc ché vi khuan lam ctia hon hop theo ty 1€ dé xudt cho gia tri %IE ¢ muc 72,95+4,74
%, cao hon so v&i murc tinh toan 1y thuyét ciia mo hinh. Diéu nay cho thay, hdn hop
40% cao chiét E. fortune, 30% A. mangium va 30% C. indicum cho hiéu qua t6i vu

trong vi¢c trc ché vi khuan lam M. aeruginosa.
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KET LUAN VA KIEN NGHI
KET LUAN

Luan &n da dat dugc cac két qua quan trong trong nghién ctru thanh phéan héa hoc va
danh giad kha ndang Uc ché vi khuan lam Microcystis aeruginosa tir hoa cuc vang

(Chrysanthemum indicum) va cdy keo tai tuong (4dcacia mangium). Cu thé:

1. Pa phan 1ap va xéac dinh cdu trac ctia 9 hop chét tir hoa cuc vang, bao gdm 3
hop chét furan (2 chat méi, 1 chat 1an dau cong b dir liéu phd), cac dan xuat
flavonoid, va phenolic acid. Trong s6 ndy, cac flavonoid dang aglycon nhur
acacetin va apigenin thé hién hoat tinh trc ché manh nhét d6i v&i vi khuan lam

M. aeruginosa.

2. Tir cay keo tai tugng, 11 hop chat da duoc phan 1ap va xac dinh cdu triic, gom
2 hop chat terpenoid glycoside méi cing 6 flavonoid dang glycoside, 1 hop
chat lignan glycoside va 2 terpenoid da biét. Trong do6, astragalin va

isoquercetin ¢6 hoat tinh trc ché & murc trung binh doi véi vi khuan lam.

3. Céc cao chiét tir hoa ctic vang, 14 keo tai twong va mot s6 hop chat duoc phan
lap nhu acacetin va apigenin da thé hién hoat tinh wrc ché vi khuan lam M.

aeruginosa.

4. Nghién ctru hiéu qua phdi trén cac cao chiét tir hoa ctc vang, keo tai tuong va
man tudi di xac dinh dugc ty 18 phdi tron toi wu 12 40% Eupatorium fortune,
30% Acacia mangium va 30% Chrysanthemum indicum, thé hién hoat tinh tc
ché vuot troi (72,95 £+ 4,74%) so voi tung cao chiét riéng 1¢ va hon hop hai
thanh phan.

KIEN NGHI

1. Thyc hién nghién ctru thir nghiém ung dung thyc té & quy mé 1én hon nham
danh gia hiéu qua va tinh kha thi trong kiém soat vi khuan lam trong cac ho

chtra nudec.

2. Khao sat thém cac hoat tinh sinh hoc khac nhu kha ning chong oxy héa, chong
viém va doc tinh cua cac hop chit va cac hdn hop cao chiét di tbi wu hoa trén
cac mé hinh dong vat thuy sinh d¢é dam bao tinh an toan va da dang héa tng

dung cua céac hop chat va cao chiét nay.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Léan dau tién phan l4p va xac dinh cdu tric mot sb hop chit furan méi tir hoa
cuc vang (Chrysanthemum indicum).

2. Léan dau tién danh giad va so sanh hoat tinh tc ché vi khuan lam Microcystis
aeruginosa mot cach hé théng ddi véi cac hop chit flavonoid tir Chrysanthemum
indicum va Acacia mangium.

3. Xay dung thanh c6ng mé hinh t6i wu hoa ty 18 phdi tron cac cao chiét tir cac loai
thuc vat (cic hoa vang, keo tai tuong, méan tudi) dé tao ché phém sinh hoc c6 hiéu
qua cao trong kiém soat vi khuan lam, mé ra huéng tng dung thyc tién quan trong

trong xu Iy moi treong nude.
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