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ACETYLCHOLINESTERASE CUA MOT SO DAN XUAT CUA
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Toém tit. Tir baicalein, mdt flavonoid tiém nang trong hudéng nghién ctu thudc Gc ché enzym
acetylcholinesterase d€ diéu tri bénh Alzheimer, sau dan xudt da duoc ban tong hop thong qua cac phan
tng ester héa va aminoalkyl héa. Thit nghiém hoat tinh tic ché€ enzym acetylcholinesterase in vitro ctia
cac dan xudt nay bang phuong phap Ellman cho thdy mot s8 dan xuét cé su cai thién vé hoat tinh. Trong
d6, dan xuat acetyl hda c6 hoat tinh cao nhat véi gié tri ICs 1a 51,64 M.
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Abstract. Baicalein is a potential flavonoid for acetylcholinesterase inhibitor research to treat
Alzheimer's disease. Six baicalein derivatives have been semi-synthesized via esterification
and amino alkylation reactions. The in vitro acetylcholinesterase inhibitory activity of these
derivatives was evaluated with the Ellman method, and certain improvement in the activity
of some derivatives is observed. The acetylated derivative shows the highest activity with an
ICs0 value of 51.64 uM.
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1 Pit van deé va hanh vi. C4c triéu ching thuong phat trién
cham va tré nén nghiém trong hon theo thoi gian,

Bénh Alzheimer la mot bénh thoai hda than anh huéng dén cudc séng va cong viéc hang ngay.

kinh tién trién gay ra cac van dé vé tri nhg, suy nghi Nguyén nhan chti yéu gay bénh Alzheimer la sy
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thiéu hut cac no ron than kinh cholinergic & mot s6
vung cua nao lién quan dén tri nhé va nhan thiec.
Mbt s8 nghién ctru da chitng minh réng tinh trang
mat tri nhé va mat kha nang nhan thac nay lién
quan dén viéc thiéu hut chat dan truyén than kinh
acetylcholin ¢ nao. Tt d6, ngwoi ta da tim ra cac
bién phap dé nang cao lugng chat dan truyén nay,
trong d6 c6 phuong phap wGc ché enzym
acetylcholinesterase (AChE).

Hién tai, chi c6 bdn loai thudc dwoc Cuc
quan ly thuc phdm va duwgc phdm Hoa Ky chap
nhén trong diéu tri bénh Alzheimer bao gom ba
loai tdc doéng tic ché enzym AChE (donepezil,
rivastigmin va galantamin) va mét loai tac dong e
ché thu thé ctia glutamat (memantin) [1, 2]. Trong
dé, galantamin la mot alcaloid dwoc chiét xuat tir
thién nhién con rivastigmin 1a mot dan xuét ban
tong hop tir physostigmin — cling mot alcaloid
chiét xuat ttr thién nhién. Hai loai thudc con lai cd

nguon gdc tdng hop toan phan [3].

Hién nay, huéng nghién ctru tdng hop dan
xudt voi chat khoi ngudn cd nguodn goc tir thién
nhién dang la mot hudéng di tiém nang [4].
Baicalein 1a mét flavonoid dwrgc phan lap ti ré clia
cay hoang cam (Scutellaria baicalensis) va Scutellaria
lateriflora thuc ho Lamiaceae [5]. Nhiéu cong trinh
nghién cttu da chitng minh baicalein c6 ddc tinh
bao vé than kinh rat tot trén in vitro va in vivo theo
nhiéu co ché khac nhau [6-8]. Do d6, tién hanh bién

d6i ciu tric ctia baicalein nham cai thién hoat tinh

Baicalein

tec ché enzym acetylcholinesterase trong hudng

nghién ctu thude diéu tri bénh Alzheimer.

2 Ddi twgng va phuong phap

21 Déoitugng

Nguyén liéu: Baicalein (Trung Qudc);
anhydrid acetic, anhydrid propionic, pyvaloyl
clorid va benzoyl clorid (Merck); pyrolidin va
(Acros);

iodid wva

morpholin acetylcholinesterase,

acetylthiocholin 5,5-dithio-bis-2-

nitrobenzoic (Sigma-Aldrich).

Thiét bi: Sac ky 16p mong trién khai trén ban
mong sac ky silica gel 60 Fasa (Merck), nhiét do
néng chay do trén may Stuart, phd UV ghi trén
may UV-Vis Jasco V-730, ph6 hong ngoai ghi trén
may IRPrestige-21, phd cong huong tir hat nhan
ghi trén may Bruker (pho 'H-NMR va 3C-NMR véi
tan s6 twong tng 500 MHz va 125 MHz), tht hoat
tinh sinh hoc trén may Elisa Labomed EMR-500.

22 Phuwong phap
Phuong phap ban tong hop

Tt nguyén liéu baicalein, tién hanh phan
ung ban tong hop la ester hoa va aminoalkyl hda
theo So d6 1 [9]. San phdm tong hop dwoc tinh ché
bang phuong phap két tinh lai trong dung moi
thich hop. Xac dinh cac thong s6 vat ly ctia cac dan
xuat va xac dinh cdu trc bang phd UV, IR, 'H-
NMR va BC-NMR.

RCOO 1 R=CH,4
O \ 2 R=C,H,
RCOO 3 R=C(CH,),
RCOO O 4 R=C/H;

So d6 1. Quy trinh ban tong hop tao cac dan xuit ctia baicalein
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Thit hoat tinh tc ché enzym acetylcholinesterase

Hoat tinh ttc ché€ AChE ctia nguyén liéu va
cac dan xuat ctia baicalein dugc xac dinh bang
phuong phap Ellman [10]. Thtt nghiém dwoc thuc
hién trén mdy Elisa 96 giéng, st dung AChE voi
chat d6i chiing 1a galantamin. Hén hop phén tng
gom dung dich dém phosphat 0,1 M (pH 8), co chat
acetylthiocholin iodid 2,4 mM; mau thr duoc pha
trong DMSO ¢ cac néng d6 khac nhau, dung dich
AChE 0,25 IU/mL (pha trong dém phosphat); mau
trang 12 mau thay dung dich enzym bang dém
phosphat. Hén hop phan ting dwoc t trong 15 phut
0 25 °C, sau d6 thém dung dich thudc thtr 5,5-
dithio-bis-2-nitrobenzoic. Hon hop dwoc u tiép 24
phut & 25 °C, sau d6 do dd héap thu quang & bude
s6ng 405 nm. Mau d3i chitng dwoc thuc hién tuong
tw mau thit; thay dung dich mau thit bing DMSO
0 nong do tuong tng.

Phéan tram trc ché€ AChE (1%) duoc tinh theo
cong thirc sau:

1% = [(AAo - AA)/AAo] x 100
trong d6 AAo va AA Tan luot la chénh léch d¢ hap
thu quang cta dung dich mau d6i chiing va mau
thtr so véi mau trang.

Xay dung phuong trinh hoi quy tuyén tinh
thé hién mdi twong quan gitta log nong d¢ chat thi
nghiém (uM) va phan tram tc ché AChE; tir d6

tinh duwoc gia tri ICso ctia cac dan xuat.

3 Keétqua

3.1 K&t qua ban tong hop

Thuc hién phan tng ban tong hop theo quy
trinh dwoc trinh bay ¢ So d6 1 thu dwoc sau dan
xudt (1-6).

Hop chat 1: 5,6,7-triacetoxyflavon

Can baicalein (1 g, 3,6 mmol) cho vao binh
cau hai co, thém pyridin (15 mL) vao khudy cho tan
hoan toan. Nho ttt tir anhydrid acetic (2,7 mL, 28,3
mmol) bang phéu nhé giot. Tiép tuc dun hon hop
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phan tng & 70-80 °C. Theo ddi phan ting bang sac
ky 16p mong véi hé dung moi thich hop. Khi phan
tng két thuc, rét hdn hop phan tng vao cdc chira
nudc da lanh, khudy déu. San pham khong tan sé
lang xudng, loc qua phéu chan khéng, sdy kho thu
duoc san pham thd. San phdm tho duoc tinh ché
béng cach két tinh lai nhiéu Ian trong hé dung moi
dichlometan/ metanol (1:2, v/v), thu dwogc san
phdm tinh khiét. Hiéu sudt: 58,29%. Bot két tinh
mau tring. Nhigt do néng chday: 196-197 °C. UV
(Amax, nm, MeOH): 256, 294. IR (v, cm-', KBr) 3065
(Versp2), 2936 (ve-Hsps), 1784 (ve-0), 1645 (ve=c), 1452
(vec), 1175 (veo). ITH-NMR (500 MHz, DMSO-ds) &
8,08 (dd, J:1 =1,5 Hz, ] = 8,5 Hz, 2H, Hz), 7,83 (s,
1H, Hs), 7,62-7,57 (m, 3H, Hyx5), 6,94 (s, 1H, Hs),
2,37 (s, 3H, ~CHs), 2,37 (s, 3H, ~CHs), 2,3 (s, 3H, —
CHs). BC-NMR (125 MHz, DMSO-ds) & 175,3
(C=Oceon), 167,8 (C=Oester), 167,5 (C=Oester), 167,4
(C=Oester), 162,0, 153,6, 146,7, 141,2, 132,6, 132,0,
1304, 129,1, 126,4, 115,1, 111,1, 107,5, 20,4 (—CHs),
20,3 (-CHs), 19,7 (~CHs).

Hop chat 2: 5,6,7-tripropionoxyflavon

Thuc hién quy trinh tong hgp twong tu hop
chat 1, st dung anhydrid propionic (4,4 mL, 33,5
mmol) thay cho anhydrid acetic, tinh ché bang cach
két tinh lai nhiéu lan trong aceton. Hiéu suat:
74,91%. Dang bot két tinh mau trang. Nhigt do
nong chay: 167-168 °C. UV (kmax, nm, MeOH): 256,
295. IR (v, cm-, KBr) 3063 (vt spz), 2984 (Ver spa),
2943 (Ve sps), 1782 (ve-o), 1643 (vec), 1454 (vewc),
1111 (veo). H-NMR (500 MHz, DMSO-de) d 8,08
(dd, J: = 1,5 Hz, ]2 = 8,5 Hz, 2H, Hz¢), 7,83 (s, 1H,
Hs), 7,62-7,57 (m, 3H, Hy,45), 6,93 (s, 1H, Hs), 2,68
(q, ] =7,5 Hz, 2H, -CHx>-), 2,67 (q, ] = 7,5 Hz, 2H, -
CHz-), 2,66 (q, ] = 7,5 Hz, 2H, -CHz-), 1,18 (t, [ = 7,5
Hz, 3H, -CHs), 1,16 (t, ] = 7,5 Hz, 3H, ~CHs), 1,16 (t,
J=7,5Hz, 3H, -CH3). 83C-NMR (125 MHz, DMSO-
ds) ® 1753 (C=Oketon), 171,0 (C=Oester), 170,8
(C=Oester), 170,7 (C=Oester), 162,0, 153,6, 146,8, 141,2,
132,5, 132,0, 130,4, 129,1, 126,3, 115,1, 111,0, 107,5,
26,7 (-CHz-), 26,6 (~CHz-), 26,2 (~CHz-), 9,0 (-
CHa), 8,7 (-CHs), 8,6 (-CH).
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Hop chat 3: 5,6,7-tripivaloyloxyflavon

Thuc hién quy trinh tdng hgp twong tu hop
chat 1, stt dung pivaloyl clorid (2,1 mL, 16,8 mmol)
thay cho anhydrid acetic, tinh ché bang cach két
tinh lai trong hé dung mdi dichlomethan/aceton
(1:2, v/v). Hiéu suat: 82,99%. Dang bot két tinh mau
trang. Nhi¢t do nong chdy: 234-235 °C. UV (Amax,
nm, MeOH): 254, 296. IR (v, cm™', KBr) 3063 (vcH
sp2), 2970 (Ve sps), 2872 (Ver sps), 1762 (ve-0), 1649
(ve=c), 1452 (ve=c), 1107 (veo). 'H-NMR (500 MHz,
DMSO-ds) & 8,07 (dd, J: = 1,5 Hz, J: = 8,5 Hz, 2H,
Hz), 7,77 (s, 1H, Hs), 7,62-7,57 (m, 3H, Hy45),
6,88 (s, 1H, Hs), 1,39 (s, 9H, 3x, -CHs), 1,36 (s, 9H, —
CHs), 1,35 (s, 9H, —CHs). BC-NMR (125 MHz,
DMSO-ds) & 174,8 (C=Oceton), 174,4 (C=Oester), 174,3
(C=Oester), 173,8 (C=Oester), 161,6, 153,2, 146,9, 141,5,
132,3, 131,5, 130,2, 128,6, 126,0, 114,7, 110,1, 107,2,
38,6, 38,3, 26,7 (—-CHs), 26,6 (—-CHs), 26,3 (-CH).

Hop chat 4: 5,6,7-tribenzoyloxyflavon

Thuc hién quy trinh tong hop twong tu hop
chét 1, st dung benzoyl clorid (1,8 mL, 15,3 mmol)
thay cho anhydrid acetic, tinh ché bang cach két
tinh lai trong hé dung mo6i methanol/aceton (1:1,
v/v). Hiéu suat: 74,97%. Dang bot két tinh mau
trang. Nhi¢t do nong chay: 227-228 °C. UV (Amax,
nm, MeOH): 232, 296. IR (v, cm™!, KBr) 3065 (vcu
sp2), 1751 (ve-0), 1649 (ve=c), 1454 (ve=c), 1099 (vc-o).
H-NMR (500 MHz, DMSO-ds) d 8,15 (s, 1H, Hs),
8,10 (dd, J:=1,5 Hz, J2= 8,5 Hz, 2H, Hs-), 8,02 (dd,
Ji=1Hz, J.=8,5 Hz, 2H, Hs.), 8,00 (dd, J:=1,5 Hz,
J2=8,5Hz, 2H, Hs.), 7,93 (dd, J:=1 Hz, ]»=8,5 Hz,
2H, Hsz), 7,70-7,66 (m, 2H, Hsz), 7,64 — 7,57 (m, 4H,
Hs-), 7,53 (t, ] = 8 Hz, 2H, Hs.), 7,48 (t, | =8 Hz, 2H,
Hs:), 7,42 (t, ] =8 Hz, 2H, Hsz), 6,95 (s, 1H, Hs). 3C-
NMR (125 MHz, DMSO-ds) 8 175,2 (C=Oceton), 163,2
(C=Oester), 162,8 (C=Oester), 162,7 (C=Oester), 162,1,
153,8, 146,8, 141,4, 134,6, 134,1, 132,8, 132,0, 130,4,
129,8, 129,6, 129,0, 128,8, 128,2, 127,2, 126,7, 126,4,
115,5,111,7, 107,7.

Hop chat 5: 5,6,7-trihydroxy-8-(pyrrolidin-
1-ylmethyl)flavon
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Can baicalein (1 g, 3,6 mmol) cho vao cdc c6
mo, thém ethanol (250 mL), khudy déu dén khi
nguyén liéu tan hét. Loc dudi 4p sudt giam dé€ loai
bod cac tap chat khong tan. Dich loc dwoc cho vao
trong mdt binh cau 2 ¢6. Cho hdn hop gom HCHO
37% (0,8 mL, 8,1 mmol) va pyrrolidin (0,7 mL, 8,4
mmol) vao phéu nho giot, nho it tir vao binh phan
tng. Hon hop duoc khuady déu dén khi xuat hién
tua. Sau khi phan tng két thuc, loc 18y tua dwdi ap
sudt giam, sdy kho thu duoc san phdm tho. San
phdm thd dugc tinh ché bang cach hoa tan trong
ethanol néng, st dung NaOH 1% diéu chinh 1én
pH 9, loc loai tap khong tan r6i diéu chinh vé lai
pH trung tinh bang HCl 1%, sau d6 lam lanh cho
san pham két tinh thu duoc san pham tinh khiét.
Hiéu suét: 78,30%. Dang bdt mau vang. Nhiét do
néng chiy: 214-215 °C. UV (hmax, nm, MeOH): 217,
264, 360. IR (v, cm', KBr) 3362 (vo), 3067 (Ve ),
2978 (verisps), 2930 (Ve spa), 1678 (ve-o), 1602 (ve-c),
1490 (ve-c). TH-NMR (500 MHz, DMSO-ds) d 12,54
(s, 1H, OH), 8,04 (dd, J: =2 Hz, ]2 = 8 Hz, 2H, Hz),
7,58-7,55 (m, 3H, Ha.45), 6,79 (s, 1H, Ha), 4,34 (s,
2H, ~CH>-), 3,09 (t, ] =7 Hz, 4H, -NCH>-), 1,90 (t, ]
= 7 Hz, 4H, -NCH2CH>-). 8C-NMR (125 MHz,
DMSO-ds) & 180,4 (C=Oceton), 162,9, 160,6, 1494,
143,2, 131,5, 131,2, 130,1, 129,0, 126,0, 104,4, 100,6,
96,7, 52,7 (-NCH:-), 49,4 (-NCH-CHx>-), 22,9 (-
CH>-).

Hop chat 6: 5,6,7-trihydroxy-8-(morpholin-
1-ylmethyl)flavon

Thuee hién quy trinh tong hop tuwong tu hop
chét 5, sit dung morpholin (0,7 mL, 8,1 mmol) thay
cho pyrrolidin. Hiéu suét: 58%. Dang bt mau
vang. Nhiét d¢ nong chay: 200-201 °C. UV (Amax,
nm, MeOH): 216, 277, 327. IR (v, cm™!, KBr) 3362
(vour), 3084 (veit sp2), 2967 (Ve sp3), 2864 (Ve sp3),
1672 (ve-o), 1614 (ve-c), 1448 (vec). TH-NMR (500
MHz, DMSO-ds) 812,72 (s, 1H, OH), 8,08 (dd, Ji = 2
Hz, J. = 8 Hz, 2H, H2¢), 7,60-7,59 (m, 3H, Hz45),
6,94 (s, 1H, Hs), 3,95 (s, 2H, ~CHz-), 3,61 (t, ] = 4,5
Hz, 4H, ~OCH:-),2,60 (t, ] = 4,5 Hz, 4H, -NCHz-).
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1BC-NMR (125 MHz, DMSO-ds) d 182,2 (C=Oceton),

162,5, 154,2, 148,0, 146,0, 131,8, 131,1, 129,1, 128,9,

126,2, 104,4, 103,6, 100,2, 66,0 (-OCH2-), 52,5

(NCH>-), 51,5 (-CH2-).

3.2 Hoat tinh ttc ché enzym
acetylcholinesterase

Tam hop chat bao gom baicalein, cdc dan
xudt ban tong hop va chédt ddi ching galantamin
duoc thir nghiém hoat tinh tc ché AChE. Gia tri
ICso twong ting duoc trinh bay ¢ Bang 1.

Béang 1. Hoat tinh ttc ch&€ AChE ctia cac dan xuét

Stt Dan xuét ICso (UM)
1 Baicalein 74,14

2 1 51,64

3 2 66,24

4 3 100,25

5 4 131,35

6 5 246,22

7 6 265,09

8 Galantamin 1,31

4 Thao luan

41 Veétong hgp hoa hoc

Phan tng ester hoa xay ra theo co ché phan
tng thé ai nhan luong phan ti. Trong moi treong
kiém (pyridin), baicalein chuyén thanh dang anion
phenolat cé tinh nucleophin cao hon, déng vai tro
la nhém thé giau dién tx. Tac nhan phan tng ester
hoa la anhydrid acetic, anhydrid propionic,
pivaloyl clorid va benzoyl clorid déng vai tro la
trung tam bi thé. Ddi voi cac tac nhan anhydrid,
phan ting duoc tién hanh & nhiét d6 cao nham tang
toc do va hiéu suat. Doi véi cac tdc nhan la acid
halid, phan ting dién ra nhanh chéng va hiéu suat
cao ngay ¢ nhiét d¢ thuong. Pyridin la mét kiém

yéu, vira la chat xtc tac phan tng vira dong vai tro
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la dung mo6i hoa tan nguyén liéu va san phdm tao
thanh.

Phan ¢ng aminoalkyl héa dugc thuc hién
theo co ché phan ting Mannich. Dan xuat tao thanh
vira co ¢ tinh acid do ¢6 cac nhém -OH phenol,
vita c6 tinh base do gan thém nhém nito bac 3. Do
d6, dan xudt nay cé tinh ludng tinh va phan cuec.
Chinh vi vay, san pham thé tao thanh it tan trong
dung moi phan ting (ethanol) va tta trong binh
phan tng. Dong thoi, vi ban chét ludng tinh va
phan cuc, khong thé trién khai loai dan xudt nay
trén sic ky 16p mong pha thuong 1an pha dao, khé
xac dinh d6 tinh khiét bing phuong phép nay.
Trong qua trinh tinh ch& can diéu chinh pH cua
dung dich hoa tan san pham tho 1én 9 d€ cho san
pham hoa tan hét (tao mudi véi cac nhom -OH
phenol). Sau d¢, loc loai cac tap chat khong tan va
diéu chinh lai vé pH trung tinh d€ san phdm két
tinh tré lai nham dam bao thu duoc san pham tinh
khiét. San pham thé ti 1 1:1 gitta hon hop tdc nhan
(HCHO va morpholin/pyrrolidin) véi nguyén liéu
baicalein wu tién thé hydro ¢ vi tri Cs trén vong A
vi mat d6 dién tir 6 vi tri nay 16n nhat.

CAu triic cac dan xudt ban téng hop duwoc xac
dinh thong qua cac pho UV, IR, 'H-NMR va BC-
NMR. Céc dan xuat déu cé cac peak hap thu dac
trung cta flavonoid trong viung bwdc song 310-
390, 225-260 va 203-215 nm trén phd UV. Pho IR
cling cho cac peak dac trung ¢ vung nhém chttc.
PhS '"H-NMR cuia cac dan xudt duoc xac dinh va
bién giai phut hop véi cau tric, két hop d6i chiéu
véi phd chuan cta baicalein da dwoc cong bo [11].
Trén phd 'H-NMR ctia cac dan xudt ester, hai vi tri
Hs va Hs cho cdc peak don (s) ddc trung trén pho
d6 & vung tir 7,8 dén 6,8. Anh huong ctia cac nhém
thé ester hat dién tir lam cho mat d6 dién tir tai vi
tri Cs giam, do d6 Hs trd nén linh ddng hon va c6
d6 dich chuyén xa hon so véi Hs trén pho d6. Con
d&i v6i cac dan xuat aminoalkyl, do da thé & vi tri
Cs nén trén phd d6 chi con xuét hién mot peak don
(s) ctia Hs & 8 6,79 (dan xuét 5) hay d 6,94 (dan xuat

6). O dan xudt aminoalkyl 6, cic proton ctia cac
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nhém OCH: hay NCH: gan vao carbon lién két véi
nguyén tt c6 d6 am dién cao. Nguyén tit nay hat
ddi dién te vé phia né lam giam su chén cta tir
treong bén ngoai ap dat 1én proton khao sat. Vi
vay, proton cua nhém OCH: lién két véi nguyén ti
c6 d6 am dién cao hon nam & vung tir trudong thap
hon tai 0 3,61 (t, ] =4,5 Hz) so véi proton ctia nhém
NCH: tai d 2,60 (t, ] = 4,5 Hz). Phd BC-NMR ciing
cho day du s6 luong carbon va cac tin hiéu carbon
ddc trung.

42  Vé hoat tinh sinh hoc

Hoat tinh ttc ch& AChE cua tat ca dan xuat
bao gom baicalein, cic dan xudt ban tong hop va
d&i chiing galantamin dwoc xac dinh. Hai dan xuat
ban tong hop c6 hoat tinh cao hon baicalein 1a dan
xuAt 1 va 2. Dan xuit 114 chat ¢ hoat tinh cao nhat
voi ICs 51,64 uM (so véi baicalein c6 I1Cso 74,14
uM). Cac két qua nay gop phan dinh hudéng cho
cac nghién ctru tiép theo vé cai thién hoat tinh ctia

cac dan xudt thién nhién dinh huéng 1am thudc.

Xét vé lién quan gitra cdu tric — tac dung, cac
nhém chuc ester thay thé cho nhém hydroxyl ctaa
baicalein gitup cai thién hoat tinh ttc ch€ AChE. Thé
nhom aminoalkyl vao vi tri Cs ctia vong A cua
baicalein lam giam hoat tinh ttc ché enzym. Su
cong kénh trong cdu truc va kéo dai mach carbon
cting anh huong dén tac dung e ché€ AChE. Diéu
d6 duoc thé hién qua gia tri ICso ca cac dan xuat
ester, aminoalkyl tang dan theo d dai mach

carbon cting nhuw muic d¢ cong kénh trong ciu truc.

5 Kétluan

T baicalein, sdu dan xuat da dwoc ban tong
hgp thong qua cac phan Gng ester hoa va
aminoalkyl héa. Cac thong s ly hda va cdu tric
ctia cac dan xuit duoc xac dinh. Mot s6 dan xuit
thu duoc c6 su cai thién vé hoat tinh so v6i nguyén
liéu baicalein ban dau. Trong d6, dan xuat 1 (acetyl
héa) cé hoat tinh cao nhat véi gid tri ICso 1a 51,64
uM.
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