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MO PAU

Su bung phat cua vi khuén lam, dac biét la Microcystis
aeruginosa, da trd thanh mot van dé nghlem trong dbi v6i moi truong
nude ngot trén toan thé glO’l Su phat trién qua muc ciia vi khuan lam
khong chi anh hudng dén hé sinh thai nudc ma con de doa dén sirc
khoe con nguorl do kha ning san sinh doc t& cyanotoxin. Vlec kiém
soat su phét trién ctia Microcystis aeruginosa hién nay chi yéu dya
vao cac bién phap hoa hoc, vat Iy va sinh hoc. Tuy nhién, cac phuong
phap nay déu c6 nhimng han ché nhét dinh nhu gay 6 nhiém thu cap,
chi phi cao hoidc khong bén viing trong thoi gian dai. Do d6, viéc tim
kiém cac hop chat ty nhién c6 kha ning trc ché vi khuan lam ma than
thién véi moi truong dang 1a hudng nghién ctru dugc quan tam.

Trong s6 céc nguén thuc vat co tiém nang, hoa cuc
(Chrysanthemum indicum) va cay keo tai tuong (Acacia mangium)
dugc biét dén véi thanh phan héa hoc da dang, dic biét 1a cac hop chét
polyphenol, flavonoid, alkaloid va terpenoid, v&i nhiéu hoat tinh sinh
hoc dang chi y. Nhiéu nghién ctru trudc ddy di chimg minh rang cac
hop chét tir thuc vat co thé e ché sy phat trién cua vi khuan lam thong
qua nhiéu co ché khac nhau, bao gdm pha v& mang té bao, trc ché qua
trinh quang hop va lam gian doan chu trinh sinh trudéng cta ching.
Tuy nhién, van chua c6 nhiéu nghién ctru chi tiét vé thanh phan hoa
hoc ciing nhu kha ning e ché Microcystis aeruginosa cua hai loai
thuc vat nay.

Xuét phat tir thuc tién trén, luan an tién si "Nghién ctru thanh
phén héa hoc va danh gia kha ning e ché sinh trwéng vi khuin
lam Microcystis aeruginosa cia cuc hoa vang (Chrysanthemum
indicum) va keo tai twong (Acacia mangium)" duoc thyc hi¢n nham
xac dinh cac hop chét c6 hoat tinh sinh hoc va danh gia hi¢u qua uc
ché cua chiung dbi vé6i vi khuan lam. Két qua ciia luan an khong chi
dong gop vao kho tang tri thire vé thanh phan hoa hoc ctia hai loai thuc
vat ndy ma con mé ra tiém ning Gmg dung cac hop chit ty nhién trong
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kiém soat 6 nhiém vi khuan lam theo huéng bén ving va than thién
v&i moi truong.

Muc tiéu ciia luan an

Luan 4n nhim phan lap, xac dinh thanh phén hoéa hoc cua cac
hop chét trong dich chiét tir hoa ctc vang (Chrysanthemum indicum)
va keo tai tugng (Acacia mangium), ddng thoi danh gia kha niang tc
ché sinh truong vi khuan lam Microcystis aeruginosa cia 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 ctia luin an

1. Nghién ctru thanh phan hod hoc cua hoa ctic vang
(Chrysanthemum indicum) va 1a keo tai tugng (Acacia
mangium).

2. Pénh gia hoat tinh e ché Microcystis aeruginosa ctia cac
cao chiét, cac hop chat dugc phan 1ap va hdn hop tir cao
chiét cuc hoa vang (Chrysanthemum indicum) va keo tai
tuong (Acacia mangium)



3

CHUONG 1. TONG QUAN

1.1. Gi6i thiéu vé loai ctic hoa vang (Chrysanthemum indicum)
1.1.1.  Phén logi, hinh thdi va phén bo

Cuc hoa vang (Chrysanthemum indicum L.) thudc ho Cuc
(Asteraceae). Pay 1a mot loai cay than thao sdng 1au ndm, c6 chiéu cao
dao dong tr 0,25 dén 1 m. Céay c6 than moc ding hoac bo lan, phan
nhanh, phu 16ng thua. La moc so le, hinh bau duc hodc hinh mac, cd
rang cua va phu 16p 16ng mong. Hoa c6 mau vang, moc thanh cum
dang dau, véi cac 14 bic xép thanh nhiéu 16p bao quanh. Qua thudc
loai bé, kich thudc nhé [1].

Loai nay phan bd rong rdi & chau A, dic biét 13 Trung Quéc,
Nhat Ban, Han Quéc, Viét Nam va An Do. Cay thuong moc & céac bii
cd, sudn doi, ven song, rudng, noi dat Am hodc man ven bién, & d6 cao
tor 100-2900 m [1].
1.1.2.  Thanh phin héa hoc ciia loai Chrysanthemum indicum

Hon 100 hop chét tu nhién da dugc phan lap tir loai ciic hoa
vang Chrysanthemum indicum [2]. Cac nhom hoat chit phd bién bao
gém flavonoid, terpenoid, phenylpropanoid va phenolic acid,
polyacetylene, va mot sé nhom hop chét khac.



1.1.2.1. Céc hop chat flavonoid

OH

OH

N L R

=
ZEZ@ZzZzz==z=z=zZg

H
H

H

]

"

H H

H H

H H

H H

H H

H  OCH,
H H

H OH

H H

H H

H H

H H

H o

H H

H  OCH,
H H

H H

H OH
H  OCH;
H H
OH H
OH H
OH H
OH H
Gle-0+ H

H  OCH,
Gle-0 H
OH H
Gle-0 H

OH
Gle-O
Gle-0r
‘OH
OH
OH
OH

CIECIEZZZECZIECEEZIZESEZEIEZZIZEIEZIZI===Z®

gm
=
-

mEE=ZQ

CH,

-i--R--R=]

R'
4-0CH;,
4'-OCH;
4'-0CH;
4'-OCH;
4-OCH;,
4-0CH,
4-0CH,
4-0OCH;
4'-OH
4-OH
4'-0OH
3'-0OH, 4'-0OCH,
3'-0OH, 4'-0OCH;
3'-OH, 4'-OCH;
3',4'-0C
3-OH , 4-0CH;
3-OH, 4-0CH,
4-0OCH,
3", 4'-0H
', 4'-OH
4'-0H
4'-0H
4'-0H, 3', 5'-0CH;
3, 4-0H
4'-0OH
4-0CH,
3,4, 5'-0CH;
4'-0H, 5'-0CH;
3, 4'-0CH,
4'-0OH
4'-0OH
3", 4'-0H
3, 4'-0H
3", 4'-0H
3-OCH;, 4'-OH
3, 4'-OH
3'-0CH,, 4'-OH
3'-0CH;, 4'-OH

T OH L 9H
OO,
O o v “OH
HO™ OH
C
OH
L
a0
o
OH O
39-42
R4 R5 R7
3 OH H H
40 OH H GluC-0
41 H OH Gle-O
42 OH H Gle-0



1.1.2.2. Céc hop chat terpenoid
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1.1.2.3. Cac ho’p chdt phenylpropanoid va phenolic acid
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1.1.2.4. Céc hop chat polyacetylene
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1.1.3. Hoat tinh sinh hoc ciia loai Chrysanthemum indicum

1.1.3.1. Hoat tinh chong oxy héa

1.1.3.2. Hoat tinh chong viém

1.1.3.3. Hoat tinh chong ung thie

1.1.3.4. Hoat tinh khang khudn va khdng virus

1.2. Gi6i thiéu vé chi Acacia va loai keo tai twong (Acacia
mangium)

1.2.1. Phén logi, hinh thdi va phén bé ciia loai Acacia mangium
Chi Acacia thudc ho Fabaceae, phan ho Mimosoideae, 1a mét chi thyc
vat c6 khoang 1350 loai phan bd rong rai trén toan cau [55]. Loai
Acacia mangium, thuong dugc goi la keo tai tugng, 1a mot trong
nhitng loai quan trong trong chi nay.

1.2.2. Thanh phan héa hoc ciia chi Acacia va loai Acacia mangium
1.2.2.1. Cdc hop chat flavonoid
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1.2.2.1. Cdc hop chdt phenolic khdc
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1.2.3. Hoat tinh sinh hoc cua loai Acacia mangium va chi Acacia
1.2.3.1. Hoat tinh chong oxi hod

1.2.3.2. Hoat tinh khéng khudn va khdng nam

1.2.3.3. Hoat tinh khdng viém va gdy doc té bao ung thir
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1.3. Gi6i thiéu vé vi khuan lam Microcystis aeruginosa
1.3.1. Bdc diém sinh hoc ciia Microcystis aeruginosa
Microcystis  aeruginosa 13 mot loai vi khuin lam

(cyanobacteria) phd bién trong méi truong nudc ngot, dic biét 1a &
nhiing vung nudc ¢6 ham lugng dinh dudng cao. Loai nay c6 kha nang
sinh trudng manh trong diéu kién giau phosphorus, lam gia ting nguy
co bung phat tao n¢ hoa (harmful algal blooms - HABs), anh hudng
tiéu cyc dén chat luong nuoc va hé sinh thai [66].
1.3.1.1.  Hinh thdi va cdu triic té bao
1.3.1.2. San xudt doc t6 va chién luoc sinh ton
1.3.1.3.  Tinh linh hoat di truyén va thich nghi méi truong
1.3.2. Téc djng ciia Microcystis aeruginosa dén méi truwong va sirc

khoe.

1.3.2.1. Tdc dong dén méi truong

1.3.2.2. Tdc déng dén sirc khoe con nguoi
1.3.3. Cdc phwong phdp kiém sodt Microcystis aeruginosa trong
moi trwong

Viéc kiém soat Microcystis aeruginosa trong moi truong nudc

12 mot thach thic 10n do kha nang sinh truéng manh mé va san xuat
doc tb cua loai nay. Pé dat hiéu qua kiém soat ti vu ma khong lam
anh hudng tiéu cuc dén hé sinh thai, cac phuong phap hién nay chu
yéu duogc chia thanh ba nhéom chinh: vét 1y, héa hoc va sinh hoc.
1.3.3.1.  Phuong phap vt ly
1.3.3.2.  Phuong phdp sinh hoc
1.3.3.3.  Phuong phap hoa hoc
1.3.3.4.  Phwong phdp sir dung cdc ché pham tir tw nhién
1.3.4.  Tinh hinh nghién citu vé vi khuén lam M. aeruginosa va cdc
phwong phap xwr ly ¢ Viét Nam
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CHUONG IL. THUC NGHIEM VA KET QUA
2.1. Pbi twong nghién ciru:
Mau hoa ciia cay Cuic hoa vang Chrysanthemum indicum duoc thu hai
vao thang 12 nam 2021, thoi diém hoa nd o (Hinh 2.1), tai Hung Yén.
Mau 14 keo dugc thu hai vao thang 06 nam 2020 tai Thach That, Ha
Noi. Cac mau thuc 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. Céac mau tiéu ban dugc luu gitr tai Vién Hoa hoc cac Hop
chat thién nhién va Trung tdm nghién ctru va Phét trién cong nghé cao,
Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam..
2.2. Phwong phap nghién ciru
2.2.1. Nguyén liéu, vit liéu va thiét bi
2.2.1.1. Thiét bi, dung cu va héa chat ding trong phdn ldp va xdc dinh
cdu triic cac hop chat
—  Ban mong trang san TLC Silica gel 60 Fas4 (Merck).
- Silica gel 60 véi kich thudce hat 0,040-0,063 mm (240-430 mesh
ASTM) (Merck, CHLB buc); LiChroprep® RP-18 (40-63 pm)
(Merck, CHLB bc); Diaion HP-20 (Merck, CHLB brrc).
- Thiét bi do phd NMR: Céc phd cong hudng tir hat nhan duoc
do trén may Bruker Advance 500 MHz va Bruker Advance 600 MHz
(chét chuin ndi 1a Tetramethylsilane - TMS) tai Vién Hoa hoc, Vién
Han 1am Khoa hoc va Cong ngh¢ Viét Nam.
- Thiét bi HR-ESI-MS: Agilent 6530 iFunnel Q-TOF LC/MS ctia
Vién Hoa sinh bién.
- Thiét bj ESI-MS: Thermo LCQ Fleet LC/MS tai Trung tam
Nghién ctru va Phat trién cong nghé cao, Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam.
- Thiét bi do d6 quay cuc: May JASCO P-2000 polarimeter, tai
Vién Hoéa sinh bién, Vién Han 1am Khoa hoc va Coéng nghé Viét Nam.
- Heé théng sic ky 16ng hiéu ning cao Thermo Ultimate 3000 két
nbi véi detector DAD cung loai.
—  Cot sic ky diéu ché YMC ODS-A 250x20 mm, 5 pm.
- Dung cu, thiét bi tach chiét, phan 1ap: bé rung siéu am (Daihan
Scientific), h¢ thong cat quay chan khéng (Buchi R300), hé¢ thong
hirng mau ty dong (EYELA fraction collector DC-1200), dén tir ngoai
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hai budc song 254 nm va 365 nm, cot sic ky, binh trién khai sac ki va
cac dung cu thi nghiém khac.
— Hoéa chit: cac dung mo6i methanol, n-hexane, ethyl acetate,
dichloromethane, acetone, thudc thir cerin sulphate, thudc thir vanillin,
thuéc thir H,SO4 10%.
2.2.1.2. Thiét bi, dung cu va hoa chdt dung trong phép thur hoat tinh
sinh hoc
- May doc phién 96 giéng (BioTek Synergy HTX, Agilent, M¥).
—  Bé 6n nhiét.
- Phién 96 giéng da xir Iy bé mit (SPL Life Sciences, Han Qudc).
- Micropipetes, pipettes da kénh; dau tip micropipet (Isolab,

buc).

Eppendorf tube 1,5 va 2,0 ml.
2.3. Phwong phap nghién ciru
2.3.1. Cdc phwong phdp phén ldp cdc hop chit tw nhién
Céc phuong phap duogc sir dung trong qué trinh phan 1ap cac hop chit
bao gom:
—  Sic ky 16p méng (TLC).
—  Sic ky cot (CC) véi cac chat hap phu phd bién nhu silica gel,
RP-C18, Sephadex LH-20, Diaion HP20.
- Sac ky long hiéu nang cao diéu ché (prep-HPLC)
- Sac ky long hiéu ning cao (HPLC)
2.3.2. Cidc phwong phdp xdc dinh ciu tritc cdc hop chit

Céu trac cia cac hop chit phan 14p s& dugc xac dinh ciu trac
dua vao dir liéu cua cac phuong phap phan tich hoéa 1y hién dai nhu
cong hudng tir hat nhan (NMR), khéi phd (ESI-MS), tir ngoai kha kién
(UV-Vis).
2.3.3.  Phwong phdp téi wu hod ty 1¢ phoi tron

Céc hdn hop chira ddy du ba loai cao chiét tir 14 man tudi
(Eupatorium fortune hay Ef), 1a keo tai tuong (Acacia mangium hay
Am) va hoa ctc vang (Chrysanthemum indicum hay Ci). Ti 18 phéi
tron cac cao chiét trong thi nghiém dugc xac dinh bang cac sir dung
mo hinh Simplex Lattice Design (SLD) trén phan mém Design Expert
12.0 (Stat-Ease, Inc., Minneapolis, M¥). Theo do, ti 1 phan trim vé
khdi lwgng ctia mdi cao chiét trong hdn hgp dao dong trong khoang 5-
90%.
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A: Eupatoriumfortune (%)
90
R4,R5

R2,R17

%
C: Chrysanthemum indicum

Thiét ké thi nghiém theo mé hinh SLD

Phuwong phdp dinh gid hoat tinh irc ché vi khudn lam Microcystis
aeruginosa

M. aeruginosa thugc nhém tdo don bao, nén mat do té bao ¢co
thé dém truc tiép & budng dém Sedgewick- Rafter (20 mn x 50 nm x
1 nm). S6 t& bao dugc dém trong Iml duéi kinh hién vi quang hoc
Olympus-BX51, Japan. S6 lwong té bao dugc tinh theo cong thirc nhur
sau:

No(mL)=(Cx1000)/(L-D-W-S)
Trong do:

- C: sb luong té bao dém dugc
- L: chiéu dai cia mdi thude
- D: chiéu sdu cia thudc
- 'W: chiéu rong cua thudc
- S:s66dém
- Xac dinh sinh truong thong qua do mat dé quang:

M. aeruginosa dugc nudi trong moi truong dinh dudng Sorokin
va Krauss. Mau nudi cay chung M. aeruginosa cb bd sung hoat chat
tai cac nong do tuong tmg dugc thu & cac thoi diém khao sat (TO, T3,
T6, va T10). Mau dich nuéi cdy duoc lay vao giéng cua dia 96 giéng
& cac thoi diém thu mau. Sau d6 miu duoc dem doc mat do quang O
may doc khay da ning ¢ budc song 680 nm vai do lap 3 lan. Hidu qua
trc ché sinh trudng IE (Inhibition efficiency) duoc tinh theo cong thirc:
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o1 _ OD (Vo)—0D(Vt)
IE (%) oD(Vo) X 100

Thue nghiém

Hoa ciic vang (Chrysanthemum indicum) (1,2 kg bt khé )

.+ HCHIN (2L x4h)
2.+ NaOH 1N 3 pH 7
3.+ EIOAG (1L x 3 1an)

| |

Dich nuée (66) Cao chiét EA
CC. silica gel, DA 10010 01100, vir

[ T T T 1

= E2 E3 E4 E5
CC. siicagel ‘ ‘ ©C, silica gel, /M 51, viv
D 100% > HEA T 1 r T T 1
(241, viv) E2.1 E22 cl3 E3.2 E3.3-36 E3.7

en cC, RP-C18 (7.2 mg) prep-HPLG, 120 phit,

M 173, v) MeOH 40-100%
(20,0 mg)
ci2 Cl4 ClI5
(2,0 mg) (4,8 mg)

(6,5 mg)
So do phan ldp cac hop chat tir cuc hoa vang chiét xuat voi HCl IN
Hoa cuc vang (Chrysanthemum indicum) (1,5 kg bot khd )

1. +MeOH 10L % 3 ldn
2. Cal loal bét MeOH vé thé tich 3L

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

1
Can MeOH (78g)

Cao chidt Hexane (45 g)
| CC. silica gel, DM 1000 - 0100, wiv
T T
MF1 MF2 MF3 MF4 MFS MF& MF7
CC. silica gel CC, siica gel, DM 1. CC. siica gel, DIMW 7/1/0,05, viulv o, silica gel.
EAM 201, wiv 1601, v 2 prep-HPLG, MeOH 30-80%, 4 mLimin DMMW EA0,1, vivi
Clis Cl4 ci7 cls cl9 clé
(3,0mg) (45mg)  (3,8mg) (25mg) (4,5 mg)

(5,2mg)

Sor d6 phdn ldp cdc hop chat tir ciic hoa vang chiét xudt véi MeOH

L4 keo tai twong (Acacia mangium)

kg
+ MeOHBL x 3 lén
Cao chiét MeOH (3769 g)
+HO
I « n-Hexane I
Cao chiét Hexane (1308 g) Dich nuéc
+EA
I |
Dich nuéc Cao chiét EA (55,5 g)
CC, Diaion HP-20, M/W 0/100 - 100/0, viv CC, silica gel, H/A 50/1 - 1/1, viv
Phan doan nwéc I T T T T T
AME1 AME2 AME3 AME4 AMES AME6 AME7 AMES-9
‘ CC, silica gel, /M 100:0— /100, v o, s prap-HPLC,
T el e | cc siicagel Eam E,?,, ;‘lf[’ca gel| o, siica gel, MeOH 25-
AMW2 AMW3 AMW4 AMWS-8 R R 1820 1, wwy| OE Y0 ,5;,53,,,',7
prep-HPLC, MeOH C?SC SNPI} 1. CC, silica gel, DVA 2/1, viv
30-80%, 4 mLimin . 2 CC, Sephadex LH-20.
i) (% i i AME AM7 AMS AN AM10
(5,8 mg) (68mg) (72mg) (7.4 mg) (3,8 mg)

AM2 AM3 AM4 AMS
3,6 mg) (6,1 mg) (4,0 mg) (5,5 m
{ a)( g) g) ( 9) AMAT
(5,1 mg)

So d6 phan ldp cdac hop chat tir 1 keo tai twong



13

CHUONG IIL KET QUA VA THAO LUAN
3.1. Xac dinh cau tric cac hgp chat tir ciuc hoa vang
(Chrysanthemum indicum)
15

Cdc hop chdt dwoc phan ldp tir ciic hoa vang
3.11 Hop chiit CI1
o

Hinh 3.1. Céng thirc cdu tao, cac twong taic HMBC () va
NOESY (<-->) chinh cua hop chdt CI1
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Hop chit CI1 thu duoc ¢ cong thirc phan tir dugc x4c dinh la
C13H,60s khi trén phd khdi thu duoc pic ion gia phan tir tai m/z:
253,1071 [M + H]*. Phé 'H NMR cuia hop chit CI1 cho thiy sy xuét
hién hién cua 3 proton olefin tai 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), tin hi¢u cua mdt nhom
methylen dinh truc tiép voi oxi dugc xac dinh tai 4,18 (2H, s, H-9) va
mot tin hi¢u methylen tai 3,80 (2H, s, H-2), cung véi cac tin hi¢u cua
nhom methyl dinh tryc tiép oxy duge xac dinh 1an luot tai 3,39 (3H,
br s, 9-OCH3), 3,67 (3H, br s, COOCH3) va m¢t tin hiéu methyl tai
2,44 (3H, brs, H-11). Trén phd 3C NMR va HSQC cuia hop chat CI1
xudt hién tin hiéu ciia 13 nguyén tir cacbon, trong d6 3 nhom CHj 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 dwoc 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).

V6i hang s6 lién két J nho gitta H-6 va H-7 (J = 3.5 Hz) cling nhu
quan sat thiy trong tac HMBC tir H-7 dén C-5 va C-8 cho thiy day la
dic diém cta dang vong furan thé 1,4. Phén tich pho HMBC chi ra H-
2 tuong tac véi C-1, C-3, C-4 va C-10; tir H-4 dén C-2, C-3, C-5, C-
6, C-10; tu H-9 dén C-7 and C-8. Cac dir kién nay rat trong déng voi
dir liéu phd coa (E)-3- [5-(hydroxymethyl)furan-2-ylJmethylene-4-
oxo-pentanoic acid da biét trudc day [85] ngoai trir su Xudt hién thém
tin hiéu cta 2 nhom oxymethyl. D& xac dinh ciu hinh cia ndi doi C-
3=C-4, phd NOESY cuia hop chit CI1 duoc phan tich k§. Tuong tac
giita H-2 and H-6 ma khong phai H-2 and H-4 duoc quan sat thiy trén
phd NOESY chimg to ndi doi co céu hinh E. Nhu vay hop chat CI1
duogc xac dinh 1a (£)-3-((5-(methoxymethyl)furan-2-yl)methylene)-4-
oxopentanoate, mot chat méi 1an dau tién duoc cong bd.

3.1.2. Hop chit CIZ

. !/\ﬂo
('& \7‘/)
"

2
Hinh 3.1.  Céng thirc cdu tao, cac twong taic HMBC () va
NOESY (<-->) chinh cua hop chat CI2
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Hop chat CI2 thu duoc dudi dang chat rit mau trang. Pho '"H NMR
cua hop chit CI2 cho théy su xut hién hién cua 3 proton olefin tai on
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 hi¢u cia mot nhom methylen dinh truc tiép voi oxi
duoc xac dinh tai 4,36 (2H, s, H-9) va céc tin hi¢u cia nhom methoxy
duogc xac dinh lan luot tai 3,35 (3H, br s, 9-OCH3), 3,69 (3H, br s,
COOCH3) va mot tin hi¢u methyl tai 2,44 (3H, br s, H-11). Tin hi€u
cua hai nhom methylen duoc xac dinh tai 4,36 (2H, s, H-9), 3,80 (2H,
s, H-2). Trén phd *C NMR va HSQC cua hop chat CI2 xuat hién tin
hi€u cua 13 nguyén tir cacbon, trong d6 3 nhom CHs tai 29,9 (C-11),
58,0 (OCH3), 52,1 (COOCH3); 3 nhém methine tai 122,0 (C-4), 113,7
(C-6), 111,3 (C-7) va cac nhom methylen va carbon khong lién két
hydro dugc xdc 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 cuia CI2 gan
nhu twong dong véi 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 chuyen
kha manh vé phia truong th?ip & C-2 ctia hop chit CI2 so v6i hop chat
CI1 goi ¥ su khac nhau vé cau hinh ciia ndi déi. Trén pho NOESY cho
thdy twong tac NOE 13 rang gitta H-2 va H-4 phu hop véi cdu hinh Z
ctia hop chit. Nhu vay hop chit CI2 duoc xac dinh 1a (2)-3-((5-
(methoxymethyl)furan-2-yl)methylene)-4-oxopentanoate, mdt hop
chat méi.

Bdng 3.1. 86 liéu phé NMR ciia hop chdt CI1-2

CI1 CI2
No 81—1 8(; 61-1 8(;
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 - 1979 - 204,3
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11 2,44 3H;brs) | 252 | 237 (H;brs) | 29.9
9-OCH; | 3,38(3H;brs) | 58,2 | 3,35(H;brs) | 58,0
COOCH; | 3,67 (3H;brs) | 51,9 | 3,69 GH;brs) | 52,1

Nhu vdy hop chat CI2 dwoc xic dinh 1a (2)-3-((5-
(methoxymethyl)furan-2-yl)methylene)-4-oxopentanoate, mot hop
chit méi.

3.2. Xac dinh ciu tric cac hop chit tir keo tai twong (Acacia
mangium)

Cdc hop chdt phén lap tir I keo tai tuwong (Acacia mangium)
3.2.1 Hop chat AM1 (chat mdi)

3 “oH 18 19
Hinh 3.1. Cau truc cua hop chdat moi acacienoside A
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Hop chit AM1 duogc phan l1ap dudi dang bot mau tréng, co gid
tri quay cuc [a]3® -12,6 (c 0,1, MeOH). Cong thirc phan tir ctia hop
chat dugc xac dinh 1a CasHaoOs dua vao ion gia phan tir [M+CI] tai
m/z 5152417 (gia tri 1y thuyét 1a 515,2411 cho CasHaoOsCl) tir phd
HR-ESI-MS. Pho cong hudng tir hat nhan proton thé hién ba tin hiéu
dang singlet cia ba nhém methyl bac ba tai on 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 on 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 nhén trong khoang dn 1,14-2,63
ppm. Ngoai ra, tin hiéu ctia proton methin lién két oxy xuét hién tai Jx
3,22 (1H, dd, J = 1,2; 7,6 Hz, H-3) va ou 4,50 (1H, br m, H-12), cung
v&i cac tin hiéu tir oy 3,22 dén 3,87 ppm va mdt proton anomer tai du
4,34 (1H, d, J = 7,8 Hz), cho théy su hién dién cia mot don vi duong.
Phé cong hudng tir hat nhan carbon va phé HSQC xé4c nhén su ¢6 mit
cua 26 carbon, vdi 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 bon xuit hién tai 5c 140,3 (C-13) va dc 182,3 (C-14).
Trong s6 d6, 20 tin hiéu duoc gan cho phan terpenoid va 6 tin hiéu
dugc gan cho phan duong. Cac dir lidu trén tuong tu véi acacienone,
mot diterpenoid loai labdane da dugc phan 1ap tur cay Keo tai tugng
(Acacia mangium). Tuy nhién, su khac biét cia hop chat 1 so véi
acacienone la sy hi¢n dién thém mot don vi duong va vi tri nhom
hydroxyl tai carbon C-3.

Phén tich chi tiét cac phé COSY, HMQC va HMBC di xéc dinh
r6 s lién két giita cac carbon va proton. Phd COSY chi ra céc ciu tric
timg phan tuong ng 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 cac tuong quan tir
proton methyl H-20 (d 0,97) dén carbon C-1 (¢ 38,1), C-5 (Jc 55.6),
va C-9 (dc 53,1), va tir proton methylen H-1, H-6 va proton methin H-
9 t6i carbon bac bén C-10, xac nhan hai vong cyclohexan (A va B) ndi
tai carbon C-10. Cac twong quan HMBC tir proton methyl H-18 (Ju
1,08) va H-19 (Ju 0,91) téi cac carbon C-4 (dc 40,5), C-5 va C-3 (dc
90,4) khang dinh hai nhém methyl gin vao C-4. Cac twong quan
HMBC giira proton methin lién két oxy tai 6H 4,50 véi carbon bac bon
tai oc 140,3 (C-13), dc 182,3 (C-14) va carbon keton dc 211,3 (C-17)
xéac nhan nhom hydroxyl nam tai C-12. Thém vao d6, tuong quan giira
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proton H-3 (0 3,22) véi cac carbon C-4 va C-5 khang dinh nhom
hydroxyl nam tai C-3. Cac twong quan HMBC tr H-15 (du 2,52, 2,63)
va H-16 (du 2,40) tdi carbon keton C-17 va cac carbon béc bén dang
sp? C-13, C-14 goi ¥ vong cyclopentenon (vong D), tao nén cau tric
indanon cung vong C. Vi tri gén don vi duong tai C-3 dugc xéc dinh
16 boi twong quan HMBC tir proton anomer (Jy 4,34) dén carbon C-3
(5¢c 90,4). Cac hing sé ghép, dich chuyén hoa hoc va do da tin hiéu da
chi rd cau hinh -glucose cua don vi duong.

Céu hinh lap thé twong ddi duoc xac nhan bang phé NOESY,
chi ra cac proton H-3, H-5, H-9 va H-19 dinh huéng a, trong khi
proton H-8 va methyl H-20 dinh hudng £. Mot tuong tac NOESY ro
rang gitra H-7 va H-15 da x4c dinh vi tri nhom carbonyl tai C-17 thudc
vong cyclopentenon (vong D). Dua trén phan tich toan dién cac dir
lidu phd, cdu trac cua hop chit AM1 di dugc xac dinh 1a mot
diterpenoid loai labdane md&i véi tén goi la Acacienoside A.

3.3. Hoat tinh irc ché vi khuédn lam M. aeruginosa ciia cac cao chiét,
va cac hop chit phin lap dwoc

Hoat tinh trc ché vi khuan lam M. aeruginosa ciia cac hop chat duoc
phan 1ap co su khac biét dang ké. Cac hop chat CI1-CI9 phan 1ap tir
C. indicum va AM4—AMO tir A. mangium cho thiy ICso dao dong rong
tir 51,7 dén trén 100 uM. Trong s6 nay, cic hop chat thudc nhom
flavonoid aglycon nhu Acacetin (CI4, ICso = 51,7 £ 3,3 uM) va
Apigenin (CI5, ICso = 55,4 £ 4,5 uM) thé hién hoat tinh trc ché manh
nhét, tiép theo 1a cac flavonoid dang glycoside nhur Acacetin 7-O-f-
D-glucopyranoside (CI6, ICso = 76,8 + 8,6 uM), Acacetin 7-O-
rutinoside (CI7, ICso = 81,3 £ 7,4 uM) va Apigenin 7-O-f-D-
glucopyranoside (CI8, ICso = 85,5 % 6,5 uM). Cac dan xuat furan nhu
hop chat CI1 ¢6 hoat tinh e ché trung binh (ICso = 85,0 £ 7,2 uM),
trong khi cac ddng phan lién quan (CI2 va CI3) lai ¢6 ICso trén 100
uM, tirc hoat tinh yéu hon rd rét. Ngoai ra, hop chat p-Hydroxybenzoic
acid (CI9) ciing cho thay hoat tinh déang chti y (ICso = 62,6 + 5,1 uM).
Céc hop chét glycoside flavonoid phan 1ap tir Acacia mangium (AM4—
AM7) déu thé hién hoat tinh yéu véi ICso trén 100 pM, ngoai trir hai
hop chat Astragalin (AMS, ICso = 88,7 = 7,2 uM) va Isoquercetin
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(AM9, ICso = 85,9 + 7,8 pM) thé hién hoat tinh rc ché & muc trung
binh.
Bdng 3.2.  Hoat tinh irc ché M. aeruginosa ciia mot sé hop chdt
duoc phan lgp
Chit thir nghiém ICso (uUM)

(E)-3-((5-(methoxymethyl)furan-2- 85,0+72
yl)methylene)-4-oxopentanoate (CI1)
Methyl (Z2)-3-((5-(methoxymethyl)furan- | > 100
2-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 (CI19) 62,6 +5,1

Kaempferol-3-O-a-L-rhamnopyranosyl- | >100
(1-6)-O-[a-L-thamnopyranosyl(1-2)]-O-
S-D-galactopyranoside (AM4)
Quercetin-3-0O-a-L-rhamnopyranosyl-(1- | >100
6)-O-[a-L-rthamnopyranosyl(1-2)]-O-f-
D-galactopyranoside (AMS)

Afzelin (AM6) >100
Quercitrin (AM7) >100
Astragalin (AMS) 88,772
Isoquercetin (AM9) 859+738
CuSOq4 41,8+3,9

3.4.X4c dinh ty 1 phoi trén t6i wu cho hdn hep cao chiét e ché vi
khuén lam Microcystis aeruginosa
3.4.1. Ddnh gid hoat tinh ciia cdc cao chiét viéng 16 va mjt
6 hén hop cao chiét
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Dit liéu vé hiéu qua tc ché vi khuén lam M. aeruginosa cua cac loai
cao chiét riéng 1¢ va hdn hop 2-3 cao chiét, & nong do 200 ug/mL,
dugc trinh bay chi tiét trong bang dudi day.
Bdng 3.3.  Hoat tinh ikc ché vi khudn lam M. aeruginosa ciia cdc
cao chiét va hon hop cao chiét

Tén  hén [Min twéi (Ef) |Keo tai twong (CCul; hoa vang % e ché
hop (%) (Am) (%) (%)

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 CuSO4 52,69 + 3,36

Dir liéu vé hiéu qua tc ché vi khuan lam Microcystis aeruginosa cho
thiy ca ba loai cao chiét riéng 1¢ déu c6 kha nang trc ché nhat dinh, véi
hiéu qua dao dong trong khoang 26,5-30,2%. Trong do6, cao chiét tir
clic hoa vang (Ci) thé hién hiéu qué trc ché cao nhat (30,2%), nhinh
hon so v6i man tudi (Ef, 29,3%) va keo tai tuong (Am, 26,5%). Khi
két hop hai loai cao chiét, hiéu qua i ché duoc cai thién dang ké. Hon
hop gitta Am va Ci dat murc trc ché 39,2%, cao hon so véi cac hdn hop
Ef + Am (38,7%) va Ef + Ci (37,6%), cho thay kha ning ting cudng
tac dong khi phdi hgp cac hoat chat tir hai ngudn thuc vat khac nhau.
Pang chi ¥, hdn hop ba thanh phan véi ty 1& bang nhau (Ef:Am:Ci =
1:1:1), ky hiéu MC_EAC, cho hiéu qua trc ché vuot troi, dat 71,6%.
Miic trc ché nay khong chi cao gan gap doi so vdi timg cao chiét riéng
1¢, ma con vuot xa so voi cac hdn hop hai thanh phan, cho thdy kha
ning cong huong hoidc hiép luc rd rét khi phdi hop ca ba loai cao chiét.
So sanh véi ddi chimg dwong (CuSOs, hiéu qua tic ché 52,6%), hdn
hop MC_EAC con thé hién hiéu qua cao hon déng ké. Piéu nay cho
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théy, viéc phéi hop ba loai cao chiét dem lai hiéu qué cao hon dang ké
so voi sir dung ting loai cao chiét.
3.4.2. Ty 1¢ t6i wu ciia hén hop cao chiét diét irc ché vi
khudn {am Microcystis aeruginosa

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

inhibitory efficiency (%) B(90)
Hinh 3.1.  Bé mat dap ung giita ty I¢ cdc cao chiét voi phan tram
trc che vi khuan lam M. aeruginosa ciua hon hop

Tt mo6 hinh dugc lya chon, cac ty 1€ t6i wu gitra cac thanh ph.':in
duogc tinh toan va de xuat nhu dudi day.
Ty ¢ toi vu dwoc dé xuat tw RSM cua cac cao chiét trong hon

hop
STT | %E. fortune & . A4, %C. indicum | %IE du doan
mangium
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

Dya vao bang trén, co thé nhan thay rang ty 1& cao chiét
Eupatorium fortune dao dong tir 35,17% dén 41,68%, Acacia
mangium tr 27,80% dén 31,89%, va Chrysanthemum indicum tu
28,38% dén 33,16%. Sy dao dong nay trong khoang tir 4 dén 6% cho
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thdy ving t6i wu kha 6n dinh, va hiéu qua khong bi anh huéng nhiéu
boi nhiing thay d6i nho trong ty 1¢ phdi tron.

Ve hiéu qua trc ché dy doan, cac cong thirc trong bang déu cho
gi4 tri rit cao va twong dwong nhau, dao dong tir 71,70% dén 71,90%,
v6i mirc chénh 1éch chi 0,20%. Diéu nay cho thdy mo hinh du doan
phan anh mot ving ti wu rong, trong d6 nhiéu to hop ty 1é khac nhau
van mang lai hiéu qua sinh hoc twong duong.

Tir nhitng dir liéu trén, ching t6i dé xuat cong thire phdi tron
Vv6i ty 18 40% cao chiét E. fortune, 30% A. mangium va 30% C.
indicum. Ty 1& nay nam hoan toan trong khoang tdi wu da dwoc xac
dinh, dong thoi gan véi cac cong thire cho hiéu qua cao nhat. Hon nira,
su don gian va can dbi cua ty 1¢ nady mang lai loi thé thuc tién trong
viéc chuan bi, gia giam va trién khai trén quy mo tng dung, ma van
dam bao hiéu qua trc ché vi khuan lam M. ‘aeruginosa ¢ murc tbi uu.
Két qua kiém tra lai hidu qua e ché vi khuan lam cta hdn hop theo ty
1¢ dé xuét cho gia tri %IE & mirc 72,95+4,74 %, cao hon so v4i muc
tinh toan 1y thuyét cia mé hinh. Piéu nay cho thiy, hdn hop 40% cao
chiét E. fortune, 30% A. mangium va 30% C. indicum cho hiéu qua t6i
wu trong viée e ché vi khuan lam M. aeruginosa
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KET LUAN VA KIEN NGHI

KET LUAN

Luan 4n da dat dugc cac két qua quan trong trong nghién ciru thanh
phan hoa hoc va danh gia kha nang wc ché vi khuan lam Microcystis
aeruginosa tur hoa cic vang (Chrysanthemum indicum) va cay keo tai
tuong (Acacia mangium). Cu thé:

L.

4.

ba phan 1ap va xac dinh céu triic ctia 9 hop chit tir hoa cuc
vang, bao gom 3 hop chat furan (2 chat méi, 1 chét 1an dau
cong bd dir liéu phd), cac din xuit flavonoid, va phenolic acid.
Trong sb nay, cac flavonoid dang aglycon nhu acacetin va
apigenin thé hién hoat tinh trc ché manh nhat ddi véi vi khuan
lam M. aeruginosa.

Tir ciy keo tai twong, 11 hop chat di dwoc phan lap va xac
dinh ciu triic, gdm 2 hop chat terpenoid glycoside méi ciing
6 flavonoid dang glycoside, 1 hop chit lignan glycoside va 2
terpenoid d biét. Trong do, astragalin va isoquercetin c6 hoat
tinh trc ché & mirc trung binh d6i v6i vi khuan lam.

Céc cao chiét tir hoa cuc vang, 1a keo tai twong va mot so hop
chat dugc phan lap nhu acacetin va apigenin da thé hién hoat
tinh Urc che vi khuan lam M. aeruginosa.

Nghién ctru hi€u qua phdi tron cac cao chiét tir hoa clic vang,
keo tai twong va man tudi di xac dinh duoc ty 18 phdi tron toi
uu la 40% FEupatorium fortune, 30% Acacia mangium va 30%
Chrysanthemum indicum, thé hién hoat tinh trc ché vuot troi
(72,95 + 4,74%) so véi timg cao chiét riéng 1¢ va hdn hop hai
thanh phan.

KIEN NGHI

1.

Thue hién nghién ctru thir nghiém tng dung thuce té & quy mé
16n hon nham d4nh gia hiéu qua va tinh kha thi trong kiém
soat vi khuén lam trong cac hd chira nuéc.

Khao sat thém céc hoat tinh sinh hoc khac nhu kha niang chéng
oxy hoa, chéng viém va dgc tinh trén cac mo hinh dong vat dé
dam béo tinh an toan va da dang hoa tmg dung cua cac hop
chit va cao chiét.
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NHUNG PONG GOP MOI CUA LUAN AN
1. Lan d4u tién phén 1ap va xac dinh c4u tric mot sb hop chit furan
moi tir hoa ctc vang (Chrysanthemum indicum).
2. Lan dau tién danh gia va so sanh hoat tinh trc ché vi khuan lam
Microcystis aeruginosa mot cach hé théng ddi voi cac hop chat
flavonoid tir Chrysanthemum indicum va Acacia mangium.
3. Xay dung thanh cong md hinh téi wu héa ty 18 phdi tron cac cao
chiét tir cac loai thuc vat (cuc hoa vang, keo tai tuong, mén tudi) dé
tao ché phém sinh hoc c6 hi€u qua cao trong kiém soat vi khuén lam,
m& ra huéng tmg dung thyc tién quan trong trong xtr Iy méi truong

nudc.
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