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Tong ho'p va danh gia hoat tinh rc ché enzym a-glucosidase
mot sd dan chat cha acid usnic
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Tom tat

Mé& dau: Acid (+)-usnic tir Dia y Usnea 13 hop chat ty nhién cé nhiéu hoat tinh sinh hoc nhung hiéu luc (e ché a-glucosidase con han
ché. a-glucosidase 13 dich tac dung quan trong trong kiém soat dwong huyét sau an, do d6 viéc tim kiém cac chat (rc ché mdi tir ngudn tu nhién
3 hét strc can thiét. Nghién ctru nay tng hop cac dan xuat enamin mach thang clia acid ushic va danh gid kha ning trc ché a-glucosidase nham

xac dinh cac bién d6i cau truc gidp cai thién hoat tinh so véi hgp chat ban dau.

Dai twgng va phurong phap nghién ciru: Acid (+)-usnic 1a nguyén liéu dwoc phan 13p tir lodi dia y Usnea aciculifera thu héi tai D3 Lat (LAm Dong,
Viét Nam) dé t8ng hop cac dan xuat enamin mach thang bang phan tng véi cac amin tuong tng trong ethanol, theo d&i bing sic ky 16p mdng
va tinh ché& bang séc ky cot. Viéc xac dinh cau tric san pham dugc thyc hién bang phd NMR va khdi phd MS. Hoat tinh trc ché a-glucosidase

duogc dénh gid in vitro sir dung enzym tlr Saccharomyces cerevisiae véi acarbose lam ching duong.

Két qua: Tong hop duoc bdn dan chat enamin mach thang clia acid usnic véi hiéu suat t6t (> 65%). Dit liéu phS nghiém xac nhan cu tric cac
hop chét phi hop véi du kién. K&t qua thlr nghiém cho thdy cic dan chat déu cd hoat tinh trc ché enzym a-glucosidase, trong d6 hop chat s6 3
va s6 4 thé hién tac dung manh vdi gia tri ICso [an lugt [a 73,47 + 2,45 uM va 74,00 + 1,81 uM, t8t hon so véi chat chirng duong acarbose (ICso =
100,40 + 3,85 puM).

Két luan: P3 téng hop duoc bon dan chat enamin mach thang cla acid usnic, trong d6 cé 2 dan chat chua dwoc bdo co trwde day theo
tra c(ru trén SciFinder (truy cap ngay 18/12/2025). Hop chat 3 va 4 cho hoat tinh (rc ché€ manh nhét, trong khi chat 1 cho két qua trung
binh. K&t qua nay cho théy viéc bién d8i cau truc acid usnic 1 hwdng ti€p can tiém ndng nham phat trién cac chat tc ché a-glucosidase

ma&i tir ngudn duoc liéu dia y.

Tir khoa: acid usnic; dan xuat enamin; dia y; Usnea aciculifera; a-glucosidase.

Abstract

SYNTHESIS AND EVALUATION OF O -GLUCOSIDASE INHIBITORY ACTIVITY OF
USNIC ACID DERIVATIVES

Chau Phuong Vi, Nguyen Viet Cuong, Mai Thanh Tan, Tuong Lam Truong

Introduction: (+)-Usnic acid, a natural compound isolated from Usnea lichens, exhibits a wide range of biological activities; however, its a- glucosidase
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inhibitory potency remains limited. a-glucosidase is an important therapeutic target for controlling postprandial blood glucose levels; therefore,
the discovery of new inhibitors from natural sources is of considerable interest. This study aimed to synthesize a series of linear-chain enamine
derivatives of usnic acid and evaluate their a-glucosidase inhibitory activity, thereby identifying structural modifications that enhance biological

activity compared with the parent compound.

Materials and methods: (+)-Usnic acid was isolated from Usnea aciculifera collected in Da Lat (Lam Dong, Vietnam) and used as the starting
material for the synthesis of linear-chain enamine derivatives via reaction with corresponding amines in ethanol. The reaction progress was
monitored by thin-layer chromatography, and the products were purified by column chromatography. The structures of the compounds were
elucidated using NMR spectroscopy and mass spectrometry. The a-glucosidase inhibitory activity was evaluated in vitro using the enzyme

from Saccharomyces cerevisiae, with acarbose as the positive control.

Results: Four linear-chain enamine derivatives of usnic acid were successfully synthesized with good yields (>65%). Spectroscopic data
confirmed that the structures of the compounds were consistent with the proposed structures. The biological evaluation showed that all
derivatives exhibited a-glucosidase inhibitory activity, among which compounds 3 and 4 demonstrated the most potent effects, with 1Cso

values of 73.47 + 2.45 uM and 74.00 £ 1.81 uM, respectively, which were superior to the positive control acarbose (ICso = 100.40 + 3.85 uM).

Conclusion: Four linear-chain enamine derivatives of usnic acid were synthesized, among which two compounds have not been previously
reported based on a SciFinder database search (accessed December 18, 2025). Compounds 3 and 4 exhibited the strongest a-glucosidase
inhibitory activity, while compound 1 showed moderate activity. These findings suggest that structural modification of usnic acid represents

a promising strategy for the development of novel a-glucosidase inhibitors derived from lichen-based natural products.

Keywords: usnic acid; enamine derivatives; lichen; Usnea aciculifera; a-glucosidase

1. AT VvV A'N 'D‘E nhét. Cac hop chét enamin duoc hinh thanh théng qua phan

ung gitta nhom carbonyl ctia acid usnic va cac amin bac mot,
Pia y (Lichen) la nguén duge liéu tir nhién quy, chianhigy 440 dén s hinh thanh enamin on dinh dong thoi lim giam
hop chit thir cép ¢6 hoat tiih sinh hoc da dang nhr depsid, d(_)(f tinh noi tai v‘cua acid usnic. So véi hop chat me, cac dan
. . . .. . xuat enamin thé hién do tan cao, hoat tinh sinh hoc va kha
depsidon, dibenzofuran, va xanthon. Trong d9, acid usnic la i .
TS £ - . A, PO nang tuong tac phan tir tot hon [5,10-11].Cac nghién ctru gan
mot dan xuat dibenzofuran dac trung, duoc tim thay pho bién i gh' nhg Phat ) [ ) ]'d N gh' N gnh
. . R . ay ghi nhan mdt s6 enamin cua usnic acid cho thay hoat ti
trong cac chi Usnea, Cladonia, Lecanora va Ramalina[1-3]. yg, i R Y
uc ché a-glucosidase dang chu y, goi mé ti€ém nang ting dung

trong hd tro diéu tri dai thao duong type 2 [6-7]. Do do, viéc

dua cac nhom amin vao cau truc acid usnic dugc xem la mot

Nhiéu nghién ctru trude day da chimg minh acid usnic ¢ cac
tac dyng sinh hoc ndi bat nhu khang khuén, khang virus,

chéng viém, chéng oxy hoa, chéng khéiuva khang ném[4-5]. = R s L .
N o J ] L chién lugc hi¢u qua nham cai thién hiéu lyc tuong tac véi
Tuy nhién, hoat tinh Urc ché enzym a-glucosidase - mot dich o L
e d it bt di thio dud 5 enzym. Trong nghién ctru nay, chiing t6i tién hanh tong hop
tac dung quan trong trong di€u tr1 be a1 thao duon, c x £ . > . . .
o £d N J & L N giyp cac dan xuat enamin mach thang cta acid usnic va danh gia
- cua hop chat nay va cac dan xuat lién quan van chua duoc L, A . A L .
) . ) hoat tinh ¢ ché enzym o-glucosidase. Két qua ctuia nghién
nghién ctru mot cach day du va hé thong [6-7]. L, A s o~ A N AL .
ctiu gép phan lam rd hon moi quan hé cau tric - tic dung

Da Lat (tinh Lam Ddng) 14 khu v ¢6 khi hau 6n hoa, do
4m cao, 1a diéu kién thuén loi cho sy phat trién ctia nhiéu loai
diay, trong d6 c6 Usnea aciculifera, mot loai giau acid usnic
[8]. Viéc phan lap acid usnic tir loai dia y nay khong chi gop
phén khai thac va phat huy hop 1y ngudn tai nguyén sinh hoc
dia phuong ma con mé ra hudng phat trién cac dan xuét co
hoat tinh sinh hoc cao phuc vu cho nghién ctru duoc Iy [9].
Nhiéu dan xuét ctia acid usnic di duoc tong hop véi muc tiéu
t6i wu hoa cac dac tinh sinh hoc cta hop chat nay. Trong d6,

c4c dan xuat kiéu enamin dugc ghi nhan 1a nhém pho bién
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(SAR) cia cac dan xuét enamin cta acid usnic va dong gop
dinh hudng cho viée phat trién cac chét tic ché a-glucosidase
¢6 ngudn gbc tir dia y.

2. POl TUONG VA PHUONG PHAP
NGHIEN CU'U

2.1. Dai twong va thiét bi nghién ciru

Acid (+)-usnic dugc phan lap tir dia y Usnea aciculifera
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phéan b trén vo cdy thong & thanh phd Pa Lat, tinh Lam
Dong, véi do tinh khiét > 95 % dya trén pho NMR.

Ethylamin, propylamin, 4-amino-1-butanol, acid
y-aminobutyric, cong ty Merck Dic theo tiéu chudn tong
hop va dung méi hitu co tir cong ty Alfa Chemical - Trung
Qudc; a-Glucosidase tir men ndm Saccharomyces cerevisiae,
Na,CO;, Na,HPO; va  NaH,PO4
a-D-glucopyranosid (NP-G) tir cong ty Sigma-Aldrich - Hoa
ky. Méy quang phd Allsheng microplate reader, AMR-100.
May cong hudng tir hat nhan Bruker 500 MHz tai phong
NMR, Vién Hoéa hoc, Vién Han 1dm Khoa hoc va Cong Nghé
Viét Nam. May do phd khdi phén giai cao (Electron Spray
Ionization mass spectra) HR-ESI-MS (Bruker MicroOTOF-Q
10187) ctia Phong Thi nghiém Phéan tich Trung tam, Truong
Pai hoc Khoa hoc Ty nhién Thanh phé Ho Chi Minh.

4-nitrophenyl

2.2. Phuong phap nghién ciru

2.2.1. Phworng phdp téng hop va xdc dinh céu tric

Céc phan tmg duoc thyc hién bang phuong phap dun hdi
Iwu, khudy tir ¢6 gia nhiét [12-13].

Tién trinh phan g dwoc theo ddi bang sic ki 16p mong.

Tinh ché san pham bang sic ki cot silicagel hodc cot
sephadex.

- Cu triic san pham dugc xac dinh bang phuong phap phd
khdi phan giai cao HRMS va phd cong hudng tir hat nhan
'H-NMR, BC-NMR.

Qué trinh tong hop duoc tién hanh theo so d6 Hinh 1: phan
g dugc tién hanh bang cach cho nguyén ligu: 1,5 mmol
acid usnic (516 mg) cung véi 2,25 mmol amin thich hop
trong 10 ml dung méi ethanol tuyét d6i khudy déu. Hon hop
phén tmg dugc dun hdi luu trong ndi dau & nhiét d6 75 - 85°C
tily timg phan tmg. Theo ddi phan tmg bang sic ki 16p mong
voi h¢ dung méi twong mg dén khi vét nguyén liéu khong
nhat di theo thoi gian.

RNH,

2.2.2. Phwong phdp ddnh gid trc ché enzym a-glucosidase’

Enzym a-glucosidase tir Saccharomyces cerevisiae (0,1
U/ml) va co chat p-nitrophenyl-a-D-glucopyranosid (1 mM)
duoc hoa tan riéng biét trong dung dich dém natri phosphat
0,1 mM pH 6,9 tao day ndng do thir nghiém 500; 250; 125;
62,5;31,25;15,63va 7,81 uM. 10 pl mau thir duogc thém vao
40 pl enzym a-glucosidase, i ¢ 37 'C trong 10 phut. Sau do,
50 pul co chét p-nitrophenyl-a-D-glucopyranosid dugc thém
vao hén hop, u tiép & 37 °C va sau 20 phut, dimg phan tng
bang cach thém 100 pl Na;CO; 1 M. Po d hip thu &
405 nm. Acarbose dugc st dung lam ching duong. 1Cso
dugc xac dinh bang GraphPad Prism 8.0 (GraphPad
Software, Hoa ky) [14].

2.2.3.  Phwong phdp ddnh gid khé néng gdn két in silico

trén enzym a-glucosidase

Thyc hién docking phan tir cic dan xudt va enzym o-
glucosidase bang phan mém AutoDock Vina phién ban 1.1.2.
Qua trinh thyc hién bao gém: chuén bi cAu tric protein,
chuan bj cau tric ligand, gén két phén tir va danh gia két qua.
Céu tric tinh thé cua a-glucosidase tai vé tir Ngan hang dit
lidu protein (md PDB: 3A4A) c6 do phan giai 1,6 A dudi
dang tép .pdb (http://www.rscb.org) [15-16]. Bén hop chit
tong hop va chét chimg dwong acarbose duoc xdy dung cau
trac 3D bang phan mém Avogadro phién ban 1.99.0. Cau
tric cua protein va ligand s€ dugc thém hydro & pH sinh ly
va chuyén sang dang tép .pdbqt thich hop cho gin két phan
tir bang AutoDock Vina bang phan mém AutoDock Tools
phién ban 1.5.7 [17]. Thong sb chi tiét cuia hop ludi cho mo
phong gin két bao gdm toa do x (center-x): 18,068; toa do y
(center-y): -7,323; toa do z (center-z): 19,029 va kich thudc
X, ¥, z 12 40 A. Thong s6 num_modes cai dit bang 10 va do
sau tim kiém (exhaustiveness) cai dit bang 40. Sau qua trinh
gén két, tién hanh phan tich dya vao ai lyc gén két (kcal/mol)
va phan tich tuong tac giita ligand va cac acid amin quan
trong trong ving gin két.

(+)-Usnic acid

Hinh 1. Quy trinh téng ho'p cic dan xuat enamin cda acid usnic
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4 -24 h
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3. KET QUA

3.1. Két qua tdng hop

Bon dan xuat enamin cta acid usnic dugc tong hop c6 cau
trac nhu sau:

Dian xuat 01 duogc thyc hién theo quy trinh chung, trong
d6 amin duoc sir dung 1a ethylamin. Bt két tinh mau vang
nhat, khong mui, kém tan trong nudce, tan trong chloroform,
aceton; nhiét dd néng chay: 123-125 C; Rg 0,61
(n-hexan:ethyl acetat 6:4); Thoi gian thyc hién phén ung la
3-4 gi. Pat higu suat 76% (420 mg) (Hinh 2).

CTPT: CyoHpNOg
Pitl: 371,39

Hinh 2. Cau tric hop chat 01

3.1.1. (R,E)-6-acetyl-2-(1-(ethylamino)ethyliden)-7,9-
dihydroxy-8,9b-dimethyldibenzo[b,d]furan-
1,3(2H,9bH)-dion (01)

Phd HRMS cho tin hiéu m/z [M+H]" = 372,1448 theo tinh
toan cho [CooH2 NOeg+H]* 1a 372,1447 twong (mg vGi cong
thire phén tr CooHo1NOg cuia 01.

IHH-NMR (500 MHz, CDCl3) 5+ (ppm)

1,32 (1, 3H, J=9,0 Hz, H2"), 1,59 (s, 3H, H13), 1,97 (s, 3H,
H16),2,54 (s, 3H, H15), 2,56 (s, 3H, H18), 3,47 (m, 2H, H1"),
5,66 (s, 1H, H4), 11,88 (s, 1H, 10-OH), 13,13 (s, 1H, NH),
13,25 (s, 1H, 8-OH).

BC-NMR (125 MHz, CDCl3) 6¢ (ppm)

7,4 (C16), 14,1 (C2°), 18,1 (15), 31,1 (C18), 31,9 (C13),
38,7 (C1%), 56,9 (C12), 101,2 (C7), 102,0 (C4), 102,4 (C2),
105,0 (C11), 107,6 (C9), 155,8 (C6), 158.2 (C10), 1633
(C8), 173,7(C5), 174,6 (C14), 189,9 (C3), 198,0 (C1),200,5
(C17).

Dan chit 02 duoc thyc hién theo quy trinh chung, trong d6
amin dugc sir dung 1a propylamin. Bot két tinh mau vang
nhat, khong mui, kém tan trong nudc, tan trong chloroform,
aceton; nhiét do néng chay: 143-145 C; R 0,66

https://doi.org/10.32895/hcjm.p.2026.02.06

(n-hexan:ethyl acetat 6:4). Thoi gian thuc hién phan ung la
4-5 gidr. Dat hiéu suat 77% (444 mg) (Hinh 3).

CTPT: Cy1H23NOg
P.tl.: 385,42

Hinh 3. Ciu tric hop chat 02

3.1.2. (R,E)-6-acetyl-7,9-dihydroxy-8,9b-dimethyl-2-(1-
(propylamino)ethyliden)dibenzo[b,d]furan-1,3(2H,9bH)-
dion (02)

Ph6 HRMS cho tin hiéu m/z [M+H]"=386,1598 theo tinh
toan cho [C2iH2sNOg+H]" 1a 386,1598 twong mg véi cong
thure phan tir C;1H»sNOg cia 02.

IH-NMR (500 MHz, CDCl3) 6+ (ppm)

0,95 (dd, 3H, J=2.5; 5,0 Hz, H3"), 1,52 (s, 3H, H13), 1,65
(m, 2H, H2"), 1,88 (s, 3H, H16), 2,47 (s, 3H, H15), 2,48 (s,
3H, H18),3,32 (m, 2H, H1"), 5,58 (s, 1H, H4), 11,83 (s, 1H,
10-OH), 13,18 (s, 1H, 8-OH).

BC-NMR (125 MHz, CDCls) 8¢ (ppm)

7,2 (C16), 11,1 (C3"), 17,9 (C15), 22,1 (C2"), 30,8 (C18),
31,8 (C13), 454 (C1°), 56,7 (C12), 101,0 (C7), 101,8 (C2),
102,1 (C4), 104,9 (C11), 107,4 (C9), 1556 (C6), 158,0 (C10),
163,2 (C8), 173,4 (C5), 174,6 (C14), 189,7 (C3), 197,8 (C1),
200,3 (C17).

Din chit 03 duoc thuce hién theo quy trinh chung, trong d6
amin dugc su dung 1a 4-aminobutan-1-ol. Bot két tinh mau
vang, khong mui, kém tan trong nudc, tan trong chloroform,
aceton; nhiét do nong chay: 76-78 'C; Re: 0,71 (n-hexan:ethyl
acetat 5:5). Thoi gian thuc hién phan ing la 5-6 gio. Dat hi¢u
suat 69% (430 mg).

3.1.3. (R,E)-6-acetyl-7,9-dihydroxy-2-(1-((4-hydroxybutyl)
amino)ethyliden)-8,9b-dimethyldibenzo [b,d]furan-
1,3(2H,9bH)dion (03)

Phoé HRMS cho tin hiéu m/z [M+Na]" = 438,1531 theo
tinh toan cho [C2H2sNO7+Na]" 1a 438,1523 tuwong tmg véi
cong thirc phan tr C»H»sNO7 ciia 03 (Hinh 3).
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IHH-NMR (500 MHz, CDCl3) &1 (ppm)AS

1,60 (s, 3H, H13), 1,67 (m, 2H, H2"), 1,80 (m, 2H, H3"),
1,96 (s, 3H, H16), 2,55 (s, 3H, H15), 2,56 (s, 3H, H18), 3,49
(t, 2H, J = 8,0 Hz, H1"), 3,67 (¢, 2H, J = 7,5 Hz, H4"), 5,66
(s, 1H, H4), 11,86 (s, 1H, 10-OH), 13,18 (s, | H, NH), 13,24
(s, 1H, 8-OH).

13C-NMR (125 MHz, CDCl3) 6¢ (ppm)

74 (C16), 18,2 (C15), 25,6 (C27), 29,6 (C3"), 31,1 (C18),
32,0 (C13), 43,8 (C1"), 57,0 (C12), 61,7 (C4"), 101,2 (C7),
102,1 (C2), 102,3 (C4), 105,0 (C11), 107,7 (C9), 155,8 (C6),
158,2 (C10), 163,3 (C8), 173,9 (C5), 174,8 (C14), 190,0 (C3),
198,1 (C1), 200,6 (C17).

Dan chit 04 duoc thyc hién theo quy trinh chung, trong d6
amin duoc st dung 1a 4-aminobutyric acid. Bot két tinh mau
vang, khong mui, kém tan trong nudc, tan trong chloroform,
aceton; nhiét d6 néng chay: 136-138 °C; R 0,61
(n-hexan:ethyl acetat 6:4). Thoi gian thyc hién phan ng 1a
24 git. Pat hiéu suat 77 % (495 mg).

CTPT: C,H25NO;
Pt 415,44

Hinh 4. Cau tric hop chat 03

3.1.4. Acid
dimethyl-1,3-dioxo-3,9b-dihydrodibenzo
2(1H)-yliden)ethyl)amino)butanoic (04)

(R,E)-4-((1-(6-acetyl-7,9-dihydroxy-8,9b-
[b,d]  furan-

Ph6 HRMS cho tin hiéu m/z [M+H]"=430,1501 theo tinh
toan cho [CHsNOs+H]* 1a 430,1496 twong (mg vGi cong
thire phan tir C22HasNO7 ctia 04 (Hinh 5).

1H-NMR (500 MHz, DMSO) 6H (ppm)

1,58 (s, 3H, H13), 1,81 (m, 2H, H2"), 1,90 (s, 3H, H16),
2,30 (m, 2H, H3"), 2,46 (m, 2H, H1"), 2,54 (s, 3H, H18), 2,56
(s, 3H, H15), 2,78 (s, 1H, H4).

13C-NMR (125 MHz, DMSO) ¢ (ppm)

7,5 (C16), 18,1 (C15), 24,1 (C27),30.,9 (C18), 31,0 (C13),
31,8 (C37), 42,9 (C17), 56,3 (C12), 100,8 (C4), 101,6 (C7),
102,3 (C11), 105,1 (C2), 106,3 (C9), 155,7 (C14), 157,7
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(C6), 162,6 (C10), 173,0 (C8), 1739 (C4), 175,0 (C5),
189,0 (C3), 1973 (C1), 200,9 (C17).

CTPT: CpyHp3NOg
Ptl: 429,42

Hinh 5. Ciu tric hop chat 04

3.2. K&t qua thir hoat tinh (rc ché enzym a-glucosidase
ICso duorc tinh toan tir dd thi twong quan phi tuyén tinh boi
phan mém GraphPad Prism 8.0 (GraphPad Software, Hoa
Ky). Tat ca gia tri ICso dugc thé hién dudi dang trung binh +
sai s6 chudn (n = 3) trinh bay ¢ Hinh 6.
Két qua thir hoat tinh trc ché enzym a-glucosidase cac hop
chét tong hop trinh bay trong Bang 1.

Bang 1. K&t qua ICso clia céc hop chat téng ho'p dwgrc so véi acarbose.

STT Hop chat ICso (M)
1 Acid usnic >200
2 1 91,95+3,11
3 2 199,00 +1,11
4 3 73,47 +2,45
5 4 74,00 1,81
6 Acarbose 100,40 + 3,85

3.3. Két qua danh gia kha ning gan két in silico trén enzym
a-glucosidase

Két qua docking phéan tir cho thdy ai luc gan két clia
acarbose trén enzym a-glucosidase dat -8,50 kcal/mol. Ca bon
dan xuét tir acid usnic déu c6 két qua i luc gin két tot hon khi
s0 sanh v&i acarbose. Cu thé, hop chit 04 6 4i luc tot nhét, thé
hién gia tri ai luc 1a -10,50 kcal/mol. Cac hop chét 01, 02 va
03 c6 gié tri ai luc lién két lan luot 1a -9,90; 9,90 va -10,20
kcal/mol. Tién hanh phan tich twong tac giira cic dan chat va
c4c acid amin trong ving gén két cho thiy mot sb tuong tic
quan trong nhu lién két tinh dién hodc lién két hydro véi
Asp215, lién két hydro v6i Glu277 va tuong tic voi mot sd
acid khac 1am 6n dinh thém lién két nhu Asp352, His351,
Argd42, Arg213, Phe303, Thr306, GIn279, GIn353, Asn350.
Céc két qua trén cho thay kha ning trc ché tot ctia cac din chat
ddi v6i enzym a-glucosidase so v6i acarbose trén docking
phan t&r (Hinh 7).
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Hinh 7. Twong tac phan tlr ciia hgp chat 04 va vi tri trong khoang gan két ciia enzym a-glucosidase

4. BAN LUAN

Phan g tong hop thanh cong bn dan xuat enamin mach
thing cta acid (+)-usnic bang phan tmg ngung tu véi cac
amin mach thé“ing trong diéu kién dun hdi luu véi ethanol,
trong d6 hop chét 01 va 02 13 hai chat méi dugc tra ciru trén
Scifinder. Cac dan xuét thu duoc c6 do tinh sach cao va duge
xac nhéan ciu tric bang phé NMR va HRMS.

https://doi.org/10.32895/hcjm.p.2026.02.06

Dénh gia hoat tinh trc ché enzym a-glucosidase cho
thdy acid usnic khong thé hién kha nang wc ché (ICsy >
200 uM), pht hop véi cic bao cao riang cdu tric
dibenzofuran cung it phu hop véi vi tri hoat dong cia
enzym. Tuy nhién, ca bon dan xuit enamin déu c6 hoat tinh
t6t hon dang ké so véi acid usnic, cho thiy viéc mé rong
mach enamin gitp tang d6 linh dong phan t, cai thién kha

nang tuong tac trong vung xuc tac ciia enzym. Trong sO cac
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dan xuét khao sat, hop chat 03 (ICso = 73,47 + 2,45 uM) va
hop chat 04 (ICso= 74,00+ 1,81 M) thé hién hoat tinh manh
nhét. Hai hop chit nay c6 ICso thap hon ca chét ching duong
acarbose (ICso = 100,40 + 3,85 uM). Su cai thién nay c6 thé
lién quan dén su ting cudng tuong tac ky nudc va sy phu
hop khéng gian tot hon giita mach enamin mé rong va goc
hoat dong ctia enzym. Hop chat 01 (ICsp=91,95+3,11 uM)
ciing thé hién hoat tinh kha tdt, du thip hon hop chat 03 va
04. Diéu nay cho thiy ban chit nhom amin tham gia phan
{mg c6 anh hudng dang ké dén hoat tinh sinh hoc, thong qua
viée diéu chinh do phan cyc va d¢ dai mach carbon.

Nhimng két qua nay khang dinh tiém ning ctia hudng bién
d6i enamin trong t6i wu hoa cdu tric acid usnic dé tao ra cac
chét irc ché a-glucosidase méi. Nghién ctru mé ra co hoi tiép
tuc khao sat sdu hon vé quan hé cau tric - tic dung (SAR),
mé rong thu vién din xuét, cling nhu danh gia doc tinh va
tinh chon loc dé dinh huéng phat trién cac tac chit didu hoa
dudng huyét c6 ngudn gde ty nhién.

Trong nghién ctru ndy, qua trinh docking phan tir da duoc
thyuc hién dé danh gia kha ning gin két v6i chat dbi ching
dugc chon 1a acarbose. Két qua cho th?iy acarbose thé hién
& luc lién két manh véi nang luong tu do Gibbs (46) 14 -8,5
kcal/mol. Gia tri nay thé hién sy trong dong cao véi cac dir
liéu da cong bb trude day s dung cliing ciu trac muyc tidu
(PDB: 3A4A). Cu thé, nghién ctru ctia Dela Rosa va cong sur
[18] d bao céo ai luc lién két cua acarbose 14 -9,16 keal/mol
hay trong m¢t nghién ctru khac nhu ctia Shulgau va cong su
[19] ghi nhén gia tri khoang -8,40 kcal/mol. Su dao dong nhe
két qua 4i Iuc lién két c6 thé duoc giai thich do sy khac biét
nho trong viée thiét 1ap kich thude hop ludi (grid box) hodc
budre xir Iy protein (proton hoa). Tuy nhién, tit ca déu théng
nhét rang acarbose tao ra phirc hop bén viing. Phén tich truc

quan hoa cho thay acarbose chiém linh sau vao tai lién két
(binding pocket) va thiét lap cac twong tic quan trong.
Acarbose con duoc neo giit bdi mot mang ludi lién két hydro
phtic tap vdi cac acid amin xung quanh nhu Asp352, Arg442
va Asp242. Pong thoi, cac nhom hydroxyl ctia acarbose hinh
thanh lién két hydro dinh hudng v6i Glu277 gitp ¢b dinh cau
trac phdi tir.

Két qua md phong docking trén enzym a-glucosidase cho
thay ca bon dan chat enamin cua acid usnic déu thé hién ai
luc gin két vuot troi so voi chat ddi chimg duong acarbose.
Céu trac 161 dibenzo[b,d]furan cua acid usnic ¢ cac dic
diém rat thuan loi cho thi gan cta a-glucosidase. Trung tim
hoat dong ctia enzym c6 16i vao kha rong va chira nhidu acid
amin thom. Khung dibenzofuran phéng s& tao ra cac tuong
tac xép chong m-m hodc tuong tac ky nude manh véi cac acid
amin ndy, giup neo phan tr tai ctra vao ciia enzym. Trong khi
d6 acarbose véi cu tric carbohydrat linh dong, phu thudc
nhiéu vao mang ludi lién két hydro phirc tap dé 6n dinh. Sy
khéac biét ndm nhanh thé gin vao nito & bén dan chét 1a yéu
t6 quyét dinh d6 manh yéu cua ai luc lién két. Cac hop chat
01 va 02 la cic dan chat alkyl 1an luot 1a gbc ethyl va propyl.
Céc dan chit nay s& thién vé tuong tac ky nuéc. Nhoém
ethyl/propyl ngin s& huéng vao cac hdc ky nudc nho trong
tai enzym. Chung thiéu cdc nhom phan cue ¢ dau mach dé
tao lién két dic hiéu & sdu bén trong. Hop chét 03 ¢6 nhom
hydroxyl dau mach cting v6i chiéu dai nhom butyl khoang
4-5 A nén c6 kha ning di sdu vao bén trong d¢é tao lién két
hydro. Pic biét, hop chit 04 tin cing bang nhom acid
carboxylic c6 kha ning tao twong tac ion hay lién két hydro
voi v6i cac acid amin quan trong trong tai lién két. Diéu nay
Iy giai cho ai lyc lién két tot nhat ciia hop chat 04 (-10,5

kcal/mol) so v&i acarbose va cac dan chat con lai.

Hinh 8. Twong tac phan tir ca acarbose va vi tri trong khoang gan két clia enzym a-glucosidase
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5. KET LUAN

Nghién ctru di tong hop thanh cong bon din xuét enamin
mach thang cta acid (+)-usnic bang phuong phap ngung tu
v6i cac amin thich hop va xéac dinh ciu tric bang phuong
phép phé NMR va HRMS. Két qua danh gia hoat tinh cho
thay viéc bién ddi acid usnic thanh cac dan xuét enamin giup
cai thién dang ké kha nang trc ché enzym a-glucosidase so
v6i chat me (ICso> 200 uM). Trong s6 cac dan xuat khao sat,
hop chit 03 (ICs) = 73,47 + 2,45 pM) va hop chit 04
(ICso = 74,00 £ 1,81 uM) thé hién hoat tinh manh nhat, cao
hon ca chimg duong acarbose (ICso = 100,40 £ 3,85 uM).
Hop chét 01 cho hoat tinh trung binh, trong khi hop chat 02
thé hién hiéu luc thap nhat. Nhimg két qua nay khing dinh
tiém ning ctia hudng bién doi enamin trong t6i wru hoa cau
triic acid usnic va goi mé trién vong phat trién cac chat trc

ché a-glucosidase mai c6 ngudn gdc tir dia y.
L&i cdm on

Nhém nghién ctru xin duge cam on quy dau tw phat trién
nghién ctru khoa hoc cua Pai hoc Y Dugc Thanh phé HO Chi
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