VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 38, No. 1 (2022) 11-25

" KHOA HOC

VNU Journal of Science: Medical and Pharmaceutical Sciences

Journal homepage: https:/js.vnu.edu.vn/MPS

Review Article

Potent Natural Inhibitors of Alpha-Glucosidase
and the Application of Aspergillus spp.
in Diabetes type 2 Drugs: a Review

Bui Hong Son, Vu Van Nga, Le Thi Diem Hong, Do Thi Quynh”
VNU University of Medicine and Pharmacy, 144 Xuan Thuy, Cau Giay, Hanoi, Vietham

Received 21 May 2021
Revised 9 July 2021; Accepted 9 July 2021

Abstract: Diabetes Mellitus has been becoming a disease of the century, and disease incidence is
still rising worldwide. It causes many serious complications, especially in the eye, heart, kidneys,
brain, and vascular system, such as diabetic nephropathy, diabetic retinopathy, liver failure, etc.
Moreover, the process of controlling this disease is complicated. Meanwhile, the antidiabetic drugs
on the market are facing some problems with a wide range of adverse reactions. Therefore, finding
new drugs to treat diabetes has always been a topic that many researchers are interested in, especially
drugs derived from nature like microorganisms and medicinal plants. This review is to provide
knowledge concerning the effects of a-glucosidase inhibitors, which are oral antidiabetic drugs
commonly used for diabetes mellitus type 2. Besides, we show readers the variety of active
ingredients originating from nature, particularly the secondary metabolites of Aspergillus spp.,
which have many applications in the chemical and medicinal industry.
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Tong quan vé cac hop chat trc ché enzyme a- glucosidase co
nguon goc tu nhién va vai tro cua cac chung nam Aspergillus
mg dung trong thudc diéu tri bénh dai thao duong tuyp 2

Bui Hong Son, Vii Van Nga, Lé Thi Diém Hong, DS Thi Quynh”

Truong Dai hoc Y Duoc, Pai hoc Quéc gia Ha No¢i, 144 Xudn Thuy, Cau Gitfy, Ha Noi, Viét Nam
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Chinh sira ngdy 9 thang 7 nam 2021; Chap nhan dang ngay 9 thdng 7 nam 2021

Tém tit: Dai thao duong (DTP) dang dan trd thanh mot trong nhitng van dé sirc khoe nghiém trong
v6i ty 16 méc bénh gia tang trén toan thé gioi. PTD khong chi gdy nhiéu bién ching nguy hiém, dic
biét tai cac co quan mét, tim, than, ndo va hé théng mach mau vé6i cac bénh dién hinh nhu bénh than
do tiéu duong, bénh ly vong mac DTD, suy gan,... ma qua trinh kiém soat bénh ciing gip nhléu kho
khan. Trong khi do, cac thudc didu tri dai thio duong trén thi truong dang gap phai mjt s tac dung
khong mong mudn khi sir dung. Chinh vi vay viéc tim ra cac loai thuéc méi dé diéu tri bénh tleu
duong ludn 1a chu dé duoc nhleu nha nghién ciru quan tim, ddc biét 1a cac loai thudc c6 ngudn goc
tir thién nhién, duoc liéu va ngudn vi sinh vat phong phu. Nghién ciru tong quan nay nham cung cip
kién thue lién quan dén tac dung cua cac hop chat trc ché a-glucosidase — mot nhom chat duge sir
dung phd bién nhu mot liéu phap duong udng diéu tri bénh DTD. Qua d6 gilp nguoi doc thay dugce
su da dang cac hoat chat ¢6 ngudn gdc tir tu nhién, cu thé hon la cac hop chat chuyén hoa thir cp
clia cac ching ndm soi Aspergillus, mot chi hién dang c6 rat nhiéu ing dung trong nganh coéng

nghiép hoa chit, y dugc.

Tir khéa: DTD, hop chit trc ché a-glucosidase, Aspergillus.

1. Mé& dau

DTP hay con goi la tiéu duong 1a hoi ching
cac r6i loan chuyén héa man tinh, phirc tap dugc
dac trung bai sy ting glucose mau do tuy khong
san xuit du insulin hodc do co thé su dung
insulin khong hiéu qua hodc ca hai [1]. DTD tuyp
2, hay con goi 1a PTD khong phu thude insulin,
DTD nguoi 1on, chiém khoang 90-95% s6 nguoi
méic DTD [1]. Bénh dugc géy ra trén nén ting co
thé giam tiét insulin twong ddi ¢ té bao B tuyen
tuy va hinh thanh sy khang insulin & té bao. Hau
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nhu bénh nhan khong can diéu tri bang liéu phap
insulin trong ca cudc doi.

Nong d6 glucose ting 1én trong méau gy nén
nhiéu bién ddi cua cac hé théng co quan trong co
thé, tao nén nhiéu bién chimg ctia bénh dai thao
duong: gdbm cac bién chimg mach méau 1én va
bién chimg vi mach. Véi téc do gia ting nhanh
chong trén toan cAu, DTD, dic biét 1a PTD tuyp
2 dang tao nén rat nhiéu thach thirc cho hé thong
y t& cta nhidu qudc gia. Vi vy, co phuong
phap diéu trj DTD tuyp 2 hiéu qua 1a mot yéu
ciu cap thiét.
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Nguyén tic diéu tri chung ddi voi DTD tuyp
2 1a kiém soat t6t glucose méau, dic biét 1a lugng
glucose mau khi d6i va glucose mau sau an gan
nhu mic do sinh ly, HbAlc dat ly tuong;
dong thoi kim hdm nhiing tién trién cua céac
bién ching.

Trong qua trinh phat trién ciia nganh duoc
pham, rat nhiéu nhém thude trong diéu tri DPTD
tuyp 2 da dugc tim ra phu hop ting dich phan tu
nhat dinh, gop phan giam nhe dién bién bénh
sinh cta dai thao duong (Hinh 1) [2].
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Hinh 1. Co ché tac dung cta cac thudc diéu tri dai
thdo duong tuyp 2 [2].

Chu thich: AGI (alpha glucosidase inhibitors): chat
{rc ché alpha glucose, DPP-4i (Dipeptidyl peptidase-
4-inhibitors): chat ¢ ché enzyme DPP-4, GLP-1 RA

(Glucagon-like peptide-1 receptor agonists): chét
ddng van thu thé GLP-1, TZD: Thiazolidinediones,
SGL-T2i (sodium-glucose cotransporter 2 inhibitor):
chat trc ché kénh ddng van chuyén natri-glucose,
MET: Metformim

Céc hop chét tre ché a-glucosidase (AGIs) da
dugc chimg minh kha ning kiém soat duong
huyét sau in vao nhimg niam 1970 va chinh thirc
sir dung dé diéu tri DTD vao nhimng nam 1980.
Tuy nhién cho dén nay, chi c6 mét vai chit thude
nhoém nay dugc st dung trén thi truong [3]. Véi
hoat tinh wc ché canh tranh enzyme o-
glucosidase, cac AGIs giup nong do dinh ciia
duong huyét sau an giam va kiém soat luong
duong trong mau.

Mot s6 chat uc ché o-glucosidase nhu
acarbose va voglibose thu dugc tir cac ngudn vat
lidu ty nhién, chang han acarbose dugc phan lap
dau tién vao nim 1977 tir mdi truong nudi cy
ctia chung xa khuan Actinoplanes sp. SE50 [4].
Cac hop chat nay co thé kiém soat hiéu qua
luong duong huyét sau khi an va di duogc sir
dung trén 1am sang trong diéu tri bénh dai thao
duong. Tuy nhién chi c6 mot sé chat e ché a-
glucosidase dugc ban trén thi truong do cac tac
dung phu nghiém trong vé duong tiéu hoa, gan
va hé thong than kinh [5].Vi vy, can phai tim
kiém cac giai phap thay thé dé tmg dung hoat
tinh &rc ché o-glucosidase nhung khong c6 phan
tng phy. Trong nhitng nam gan day, nhiéu
nghién ciru da phat hién cac chit uc ché a-
glucosidase khong duong véi hoat tinh sinh hoc
manh va ngudn cung 16n tur cac ngudn tu nhién.

Nghlen Curu ndy cung cap thong tin vé co ché
va ngudn gbe ctia cac hop chit e ché enzyme o-
glucosidase, dédc bit la cac hop chét co ngudn
géc tir ty nhién nhu cac chung ndm soi
Aspergillus c6 dinh huéng Gng dung trong ché
tao thudc diéu tri dai thao duong tuyp 2.

2. Tong quan vé bénh dai thao duong tuyp 2
2.1. Co ché bénh sinh ciia ddi thdao dieong tuyp 2

Yéu t6 di truyén két hop véi moi truong tac
dong 1én co thé gy ra tinh trang khang insulin
va giam bai tiét insulin, dan gy ra DTD tuyp 2.
Khang insulin 1a sy hoat dong kém hi¢u qua
trong qua trinh truyén tin hiéu cta insulin tir
receptor t6i dich phan tir cudi cing, dan t6i giam
tac dung cua insulin. Gen ma hoa cac enzyme va
protein tham gia vao qua trinh truyén tin hi¢u
cua insulin nhu: insulin receptor substrate,
phosphatidyl inositol-3-kinase hay tham gia vao
qué trinh bai tiét insulin nhu capain 10, yéu t&
phién mé& 7-like 2 (the transcription factor 7-like
2) c6 lién quan t6i bénh DTD tuyp 2 [6].

Bén canh do, cac yéu tb moi truong co thé
lam tang tién trién cia bénh nhu 16i song khong
lanh manh gém viéc giam cac hoat dong thé luc;
thay d6i ché do an udng theo hudng ting tinh,
giam chat xo gy du thira ning lugng. Ngoai ra
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chat lugng thuc phém cac stress trong cudc song
cling tac dong den tinh trang bénh. Tudi tho cang
tang, nguy co méc bénh cang cao, day la yéu t6
khong thé can thiép dugce. Hau hét bénh nhan béo
phi hoac thira can va béo phi viing bung vdi vong
eo to trong khi do béo phi vung bung c6 lién quan
v6i tang acid béo trong mau, mé mé ciing tiét ra
mot s6 hormon lam giam tac dung cia insulin &
cac co quan dich nhu gan, té bao md, té bao co
(khang insulin tai cac co quan dich). Do hién
tugng khang insulin, & giai doan dau xay ra sy
“bu” ciia cac té bao B dao tuy khién né ting tiét
insulin nhidu hon va dan dan dén sy suy kiét té
bao B dao tuy khién ting duong huyét va cudi
cung 14 bénh nhan bat déu ¢ nhimg triéu ching
lam sang cua DTD tuyp 2 [7].

2.2. Nguyén tdc diéu tri dai théo dwong tuyp 2

Trong qua trinh phat trién ciia nganh duoc
pham, rat nhiéu nhém thudc trong diéu tri tiu
duong da dugc tim ra phu hop ting dich phan tu
nhit dinh, gop phan giam nhe dién bién bénh
sinh ciia dai thao duong. Mot sé dich tac dung
chinh da duoc xdc dinh véi nhiéu nhém thube
khac nhau trong diéu tri DTD (Hinh 1) [2].

Can cur vao hiéu qua diéu tri trén 1am sang,
¢6 su phdi hop cia cac nhom thude trong diéu tri
dé dat duoc muc tiéu theo Hudng din chin doan
va diéu tri dai thao duong do BO Y té (2020) [7].

Trong qué trinh diéu tri va theo dai bénh
nhan, cac nghién ciru cling dua ra khuyén céo vé
mot sd yéu td can xem xét khi chon lya thude
diéu tri cho bénh nhan BT gom [7]:

i) Hiéu qua giam glucose huyét;

i) Nguy co ha glucose mau: sulfonylurea,
insulin;

iii) Tang can:
sulfonylurea;

iv) Giam can: GLP-1 RA, trc ché SGLT2, wrc
ché DPP-4 (giam can it);

v) Khong anh huéng nhiéu 1én can ning: trc
ché enzyme DPP-4, metformin, trc ché enzyme
a-glucosidase;

vi) Anh hudng 1én bénh 1y tim mach do xo vira:

- Hiéu qua c6 loi (bang ching rd rang:
GLP-1 RA va trc ché SGLT-2 trir lixisenatide
trung tinh);

Pioglitazon, insulin,

- C6 thé ¢6 loi pioglitazone va metformin;

vii) Anh huéng 1én cac van dé vé tim mach,
dic biét suy tim c6 phan suit tbng mau giam
LVEF<45%:

- Chéng chi dinh dung nhom TZD trong
truong hop bénh nhan c6 suy tim sung huyét;

viii) Anh huong 1én than:

- Tac dong tbt, gitip phuc hoi chirc ning than,
glam tién trién bénh than man: AECi, SGLT-2i.
Néu khong dung nap hodc chéng chi dinh véi
SGLT-2i hodc mic loc ciu than khong phu hop,
bd sung GLP-1 RA;

- Tac dong khong co loi hodc than trong,
giam liéu khi suy than: SU, metformin;

iX) Cac d6i trong bénh nhan dic biét:

- Ngudi cao tudi (> 65 tudi): Khong can
chinh liéu GLP-1 RA, SGLT-2i;

- Suy than: Khong can chinh liéu GLP-1 RA,
linaglipin d6i v6i suy than nhe, trung binh hay
nang. SGLT-2i dugc uu tién trén BN c6 eGFR
30-60 mL/phit/1,73 m? da hodc albumin niéu
> 30 mgl/g creatinin dé giam tién trién bénh
than man;

- Suy gan: Khong can chinh licu GLP-1 RA,
SGLT-2i d6i voi suy gan nhe hodc trung binh. O
bénh nhén suy gan ndng, dapagliflozin c6 thé
khoi tri v6i lidu 5 mg, néu dung nap c6 thé ting
Ién 10 mg. Empagliflozin khéng khuyén c4o trén
bénh nhan suy gan nang;

X) Gia thudc, tinh sén co, su dung nap va kha
nang chi tra ctia bénh nhan;

xi) Phac d6 sir dung d& nhd, d& thyc hién va
kha nang tuan thu diéu trj cua nguoi bénh.

3. Téng quan vé enzyme a-glucosidase
3.1. Gidi thiéu vé enzyme o-glucosidase

Alpha glucosidase (E.C.3.2.1.20) 12 mdt
nhom cac enzyme xuc tac thuy phén lién két
0-1,4-glycosid bao gdm mot sb loai nhu
maltase, glucoinvertase, glucosidosucrase, malt
ase-glucoamylase, alpha-glucopyranosidase,
glucosidoinvertase, a-D-glucosidase, a-glucosid
hydrolase, a-1,4-glucosidase, a-D-glucosid
glucohydrolase. Pang chu y, cac enzym nay thuy
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phan oligosaccharid nhanh hon so vdi
polysaccharid.

Enzyme a-glucosidase 12 mot enzyme ho
exohydrolysis, co hoat tinh thily phan lién két
a-1,4-glycoside & dau tan cung khong khir cia
carbohydrate giai phong cac phan t
a-D-glucose. Co chit phd bién ciia enzyme alpha
glucosidase la oligosaccharide, disaccharide, cac
aryl- va akyl-a-glucopyranoside,... [8]. Alpha
glucosidase la mdt trong nhitng enzyme thudc
16p glycoside hydrolase (GH), mot 16p gom cac
enzyme thuong tach cac lién két glycoside giira
hai phan tr carbohydrate — mét trong nhiing lién
két manh nhét duoc tim thiy trong cac polymer
tu nhién. Tc d6 phan cat cac lién két glycoside
dugc tang 1én gip 1017 lan so véi phan tng
thong thuong khoéng c6 enzyme xuc tac [9].
Enzyme a-glucosidase phan b6 trong cac ho GH
khac nhau nhu GH4, GH13, GH31, GH63,
GH97 [10, 11], trong d6 GH13 va GH31 Ia hai
nhom chu yéu ciia enzyme o-glucosidase. Nhitng
enzyme o-glucosidase thuoc nhom GH13 duoc
phat hién nhiéu & vi khuén, con nhitng sinh vat
bac cao hon thuong c6 enzyme a-glucosidase
thudc nhém GH31.

Enzyme o-glucosidase c6 ngudn goc rét
phong phu, tir nhiéu loai sinh vat (vi khuan, ndm
méc, dong vat va thuc vat) nén tinh dac hi€u co
chat cia ho enzyme ciing da dang hon. Cac

enzyme a-glucosidase dugc phan chia thanh ba
loai chinh dya trén tinh da dang déc hiéu co chét
nay. Loai 1 1a cac enzyem a-glucosidase uu ti€n
thuy phan cac lién két heteroside (glycoside)
chang han sucrose va cac aryl a-glucoside (vi du
nhu p-nitrophenyl a-D-glucopyranoside -
pNPG), hon 1a cac lién két holoside, chang han
nhu cac a-glucobiose, malto-oligosaccharide,
and a-glucan). Enzyme loai II va III thi nguoc
lai, hoat dong manh hon trén cac holoside va co
hoat tinh thap d6i véi cac heteroside. Enzyme
loai III gidng loai II, nhung khac nhau trong qué
trinh thity phan polysaccharide: enzyme loai II
¢6 hoat tinh khé thap trén a-glucan, trong khi loai
IIT lai ¢6 hoat tinh cao [8].

Trong cong nghi¢p tng dung, sinh vat san
xuét chinh enzyme o-glucosidase 1a vi khuan va
nam (Lactobacillus, Bacillus va Aspergillus)
[12, 13]. Vi khuan wa nhiét tao ra cac chét c6 hoat
tinh a-glucosidase hoat dong ngay ca & cac moi
truong pH trung tinh va kiém, va & nhiét do tir
20 — 40 °C [14].

3.2. Cdu triic ciia Enzyme a-glucosidase

Enzyme o-glucosidase nhém GH13 va
GH31 c6 nhiing dic diém vé céu trac, hinh thai
khong gian va hoat tinh sinh hoc khac nhau, do
chung co su khac biét vé ngudn gdc va tinh dic
hiéu co chit.

 Hinh2. Céu triic khong gian 3D cuia enzym a-glucosidase GH13 [6]. ) i
Chu thich: A. Cau trac tong quan cta phirc hop Halomonas sp. a-glucosidase va maltose; B. Cau tric tong
quan cua phuc hop Streptococcus mutans DG va isomaltotriose
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Dbi véi cac enzyme a-glucosidase GH13,
chung c6 cdu trac twong ddi giéng vai oligo-1,6-
glucosidase (EC 3.2.1.10; O16G) va dextran
glucosidase (glucan 1,6-a-glucosidase; EC
3.2.1.70; DG). Cho dén nay, ciu trac khong gian
cua enzyme a-glucosidase GH13 da dugc xac
dinh qua nhiéu nghién ciru, va céu trac téng thé
clia chung twong ty nhau, chi yéu duoc hinh
thanh tir 3 domain A, B va C [8] (Hinh 2).

Dbi véi cac enzyme alpha glucosidase nhom
GH31, hau hét ching phd bién & cac sinh vat phu
thudc vao niang luong ldy tir tinh bot. Vi du,
sucrase—isomaltase  (SI) va maltase -
glucoamylase (MGAM), duoc tiét ra tai rudt non

A

C-terminal N-terminal
domain 2 y » domain -

cua dong vat cd v, co lién quan dén su phan huy
tinh bot trong khau phan an. SI va MGAM chiu
trach nhiém thuy phan céc oligo-saccharide thu
duoc thanh glucose. Mdi polypeptit MGAM va
SIbao gom 2 thanh phan enzyme khéc nhau, tao
ra tong s6 4 o-glucosidase trong ciu trac 2
enzyme nay. 4 enzym c6 cdu trac lién quan chit
ché v&i nhau do phat trién tir mot ngudn gdc
chung, déu duogc xép vao ho glycoside hydrolase
GH31 va c6 quan hé mat thiét v6i nhau theo cdu
tric nép gip. Vé danh phép, ving maltase cua
MGAM duoc goi 1a NtMGAM (Hinh 3) va vung
glucoamylase dugc goi la CtMGAM.

R526

Hinh 3. Céu trac khong gian 3D ciia enzym a-glucosidase GH31 [8].
A. M6 hinh cau tric cia NtMGAM; B. Vung hoat dong cia NtMGAM

Dbi v6i SI, ving isomaltase 1a NtSI va viing
sucrase la CtSI [15]. Nt(MGAM va CtMGAM
gidng nhau déu chiu trach nhiém chinh trong
viéc thity phan cac lién két o-(1—4) nhung khéc
nhau & chd ching thé hién cac wu tién khac nhau
db6i v6i cac co chit co mic d polyme hoa (DP)
khac nhau: CtMGAM thich thiy phan cac co
chat c6 gia tri DP cao hon NtMGAM [16]. NtSI
¢6 xu hudng thiy phan cua cac lién két a-(1-6)-
glucosidic [17]. CtSI co thé thay phan céc lién
két o (1<>2)p trong sucrose [18].

3.3. Co ché hoat dong ciia enzyme a-glucosidase
trong co thé

Khi con nguoi dua thiic an vao dudng ti€u
hoéa, cac phan tr cacbohydrate trong thirc an s€

dugc thuy phan, chia cat thanh cac phan tir nho
boi hé enzyme trong 6ng tiéu héa. Cu thé, cic
san pham giau tinh bot, dang glucid chinh trong
khau phan in sau khi qua da day s& duoc enzyme
o-amylase tiét tir tuyén tuy va nudc bot thuy
phan thanh cac malto-oligosaccharid (Maltose,
maltotriose, va cac malto-oligosaccharid mach
ngin c6 cac nhanh «-(1-6) glucosidic) [8].
Enzym a-glucosidase dugc tiét ra tir diém ban
chai té bao rudt non, lai tiép tuc phan hoéa cac
oligosaccharide thanh cac phan tor duong
glucose nho hon réi mai tham thiu qua mang
rudt vao hé tudn hoan.

Chinh nho co ché nay, viéc tre ché hoat dong
clia enzyme a-glucosidase co thé 1am han ché
qua trinh thiy phan carbohydrate va lam giam,
1am cham sy thdm thau glucose vao méu [19]
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4. Chit trc ché enzyme a-glucosidase

4.1. Gidi thiéu va co ché hoat dong cua chat trc
ché enzyme o-glucosidase

Chat twc ché enzyme a-glucosidase
(o glucosidase inhibitors-AGls) 14 cac chit lam
giam hoat tinh cua enzyme a-glucosidase dan
dén 1am cham qua trinh tiéu hoa cac chit
carbohydrate thanh duong don glucose ¢ rudt
non, tir d6 ngan hién tuong ting dudng huyét
sau an.

a Oligosaccharides b Oligosaccharides
0‘00 XY
B
‘\ / i
Diém ban chai
S— té bao rudt
et % vo
. 4 £
s Hép thu X ] . Hép thu
Monosaccharides Monosaccharides Ngén chan
(Glucose) (Glucose)
Téng duéng huyét Tang dwiong huyét
sau dn sau dn

Hinh 4. Co ché hoat dong cia cac chét trc ché
enzyme a-glucosidase tai niém mac rudt non [20].
AG: a-glucosidase; AGI: chit trc ché enzyme
a-glucosidase.

Phan 16n AGIs c6 kha ning gin vao ving
lien két voi  carbohydrate cia enzyme
a-glucosidase vi chung cé céu trac tuong ty voi
cac disaccharide hodc oligosaccharide. Cac phtrc
hgp nay coé ai lyc 16n hon phirc hop thong thudong
carbohydrate-glucosidase vi vdy hinh thanh co
ché trc ché canh tranh enzyme. Do viy, hoat
dong cua a-glucosidase trong mang nhay cua
rudt non bi tre ché. Khi carbohydrate khong duoc
hép thu qua cac 16p niém mac dudng rudt, bi
thuy phan dan dan & ta trang, hdng trang va hoi
trang, lam giam sy hip thu duong tai niém mac
rudt non [21].

Theo nhiéu nghién ciru, cac loai thubc AGIs
dién hinh, chang han nhu miglitol va acarbose,
con co6 thé ting cuong bai tiét GLP-1
(glucagonlike peptide-1), 1am giam con doi ciing
nhu nhu ciu an [22, 23]. Bén canh d6, ciing c6

bang chimg cho thiy rang AGIs khong anh
hudng dén bai tiét insulin. Ngay nay, c6 bbn loai
thudc AGIs trén thi trudng: acarbose, miglitol,
voglibose va DNJ (Hinh 5).
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Hinh 5. Ciu tric clia acarbose, miglitol, voglibose
va DNJ [19].

TAt ca cac loai thubc trén déu di duoc dua
vao thi truong tir nhidu nim trude, nhung tir
nhitng nam 1990 thi khéng c¢6 thudc AGI nao
dugc chip thuan sir dung trén 1am sang. Céc
nghién ctru 1am sang vé acarbose va miglitol chi
ra rang AGIs c6 nhiéu wu diém hon céac loai
thudc diéu tri PTD dung duong udng khac.
Chung khéng c6 tac dung dbi v6i nhitng kénh
véan chuyén glucose phu thudc natri hay su bai
tiét insulin, do d6 khong anh huéng dén viéce tiéu
thu glucose cling nhu gdy ha dudng huyét. Hon
nira, AGIs khong c6 anh huéng dang ké dén
trong luong co thé. Tuy nhién, ching ciing co
mot s6 tac dung phu (chu yéu trén duong tiéu
hoa), chéng han nhu d?iy hoi, co thit rudt va dau
bung. Vi vy, cAn tim mot thube AGIs méi co
hiéu qua diéu tri DTD va c6 it phan tmg phu hon.

4.2. Phén logi chat irc ché enzyme a-glucosidase

Duya vao cdu tric cdu tao cua cac AGIs,
chung dugc chia thanh 2 loai chinh 1a cac hop
chét c6 cu tric gia duong va cac hop chit khac.

Véi cac hop chét ¢ cau triic gia dudng,
ching thuong 1a cic dan xuit ctia mono-
saccharide nhu glucose, galactose,... Co nhiéu
phuong phap dé thiét ké cac dan chat méi cua
mono-saccharide nhu bién d6i cau tric tai vi tri
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C1 hay gbc C1-OH, m¢ vong monosaccharide
hoic sy tai cdu tric ciia glucose. Ngoai ra cac cau
truc azasugar gidng glucose hay cac hop chat
thio-sugar ciing duoc xac dinh 1a ngudn nguyén
liéu tiém nang dé tao ra céc chét c6 hoat tinh tc
ché enzyme o- glucosidase. Nam 2013, Bian
cung cong sy [24] da thiét ké mot chudi cac dan
xudt tir monosaccharide voi cau tric chung nhu
hop chat A (Hinh 6). Trong s6 do6, hop chit 1
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Hgoéf&/\ /&/\
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A H
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duoc xac dinh 1a chit Gc ché men alpha
gluoosidase tiém nang nhét (ICso = 2.3 pmol) so
v6i d6i chimg 1a acarbose (ICs0 = 235,1 pmol).
V6i cac hop chéat c6 cau triic khac, cac
nghién ctru cling d4 tim ra nhiéu hop chat khong
¢6 céu triic glycosyl nhung ciing cho hoat tinh trc
ché o-glucosidase t6t. Cac hop chit nay duoc
phan loai thanh cac nhém ndi bat: imidazoles va
pyrazole, chromones va macrocyclic [21].
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Hinh 6. Ciu truc cta cac din xuat monosaccharide [22].

4.3. Nguon goc chat irc ché enzyme a-glucosidase

Chat trc ché enzyme a-glucosidase da duoc
phat hién & nhiéu loai sinh vét khac nhau tir dong
vat, thuc vat dén vi sinh vat. Tuy nhién, ngudn
phong phu cho cac hop chat AGIs van 1a thyc vat
[25, 26], nam [27-31] va vi khuan [32, 33].

Cdc chat trc ché enzyme a-glucosidase co
nguon goc tir thue vit

Nam 2017, 2 chit gdm mot stilbene
glucoside moi (polygonumnolide D) va mot
glycoside dianthrone mdi (polygonumnolide E)
da duoc phan 1ap tur dich chiét EtOH 70% cuia ré
kho cua cay ha tha 6 do, tén khoa hoc la
Polygonum multiflorum Thunb [25]. Cau tric

cliia chung di duoc 1am sang t6 bing phuong
phap doc phd NMR 1D va 2D ciing nhu dif liéu
khdi pho. Céc hop chat phan lap dugce danh gia
vé cac hoat dong trc ché a-glucosidase trong dng
nghiém. Hai hop chit trén cho thiy hoat tinh trc
ché enzymei a-glucosidase v&i cac gia tri IC50
tuong tng 1a 2,4, 2,7 uM.

Bon pyrole alkaloid, tirc 1a plicatanins A — D
cling dugc phan lap tir loai Chrozophora plicata,
va cho thiy hoat tinh @c ché chéng lai a-
glucosidase voi gia tri IC50 lan luot 202,3 +
0,33;178,62+0,78; 27,85+ 0,75va 57,15+ 0,44
umol/L, hop chit C cho thdy hoat tinh rc ché
manh nhit, manh hon acarbose (IC50 = 38,25 +
0,12 umol/L) [26]. B-Sitosterol va p-sitosterol-3-
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O-B-D-glucopyranoside duwgc phan lap tu
Chrozophora plicata di cho thy hiéu qua trc ché
enzyme o-glucosidase (twong tng IC50 = 277,7
+ 0,003 va 258,71 £ 0,07 pmol/L), nhung hoat
tinh trc ché thip hon acarbose (IC50 = 38,25 +
0,12 pmol/L) [34].

Trong cac thuéc diéu tri DTD trén thi truong,
cac thube co nguon goc tur 1- Deoxyn01|r|myCIn
(1-DNJ) hay dan xuat, dang tré nén rat thong
dung, boi hoat tinh sinh hoc doc déo. 1-DNIJ lan
dau tién dugc phan lap tir ré cua dau tim bai
Yagi (1976) [35], ngoai ra chat nay c6 nong do
cao nhét trong 1a dau tam, ciing nhu dugc tim
thay trong cac chat chuyén hoa ctiia mot s6 vi sinh
vat, bao gdm ca Streptomyces va Bacillus.
1-DNTJ 1a mot chét trc ché a-glucosidase manh va
¢6 cac tac dung sinh hoc khac nhu chéng ting
duong huyét, chdng béo phi, chéng virus va
chéng khéi u. Mot s6 dan xuét cta 1-DNJ, nhu
miglitol, miglustat va migalastat, d& duogc rng
dung trén 1am sang dé diéu tri cac bénh nhu tiéu
duong va réi loan luu trir lysosome.

Ngay nay, nhidu nghién ctru tach chiét cac
hop chat tc ché enzyme o-glucosidase tu thuc
vat dang duoc tién dugc tién hanh nhung con gap
nhiéu kho khin dé tao san phim cubi cung do
tinh chét phuc tap cua thuc vat, phu thudc vao
thoi vu, moi trudng va chi phi cao khi san xudt
cong nghiép.

Cdc chdt irc ché enzyme a-glucosidase co
nguon goc tir vi sinh vit

Ngudn nguyén liéu vé cung phong phii dén
tr ty nhién, phuc vu rat 1on cho linh vuc Cong
nghé sinh hoc chinh 1a vi sinh vét boi 1€ chung
c6 mdt quan thé vo cung rong 16n, stc séng va
phat trién manh va khong gdy 6 nhiém moi
truong. Chinh vi vy, huéng phat trién cac AGls
tir vi sinh vat 1a mot hudng phat trién tiém nang
da va dang dugc rt nhiéu nha nghién ciru chon
lura va da c6 rt nhiéu thanh tyu trén thi truong.

Acarbose, cdu tric O-[4,6-dideoxy-4[1s-
(1,4,6/5)-4,5,6-trihydroxy-3-hydroxymethyl-2-
cyclohexen-1-yl]-amino-alpha-D glucopyranosyl] -
(1 -> 4) - O-alpha-D-glucopyranosyl- (1 -> 4) -D-
glucopyranose, dugc tach chiét lan dau tir hdn
hop hoat chat chuyén héa thir cip trong moi

truong nudi cdy xa khuan Actinoplanes sp. SE50
nidm 1977 [36]. Sau d0, cac nha khoa hoc tiép tuc
tim thy trong nhiéu loai xa khuan khac nhu:
Actinoplanes sp. CKD485-1, Actinoplanes
utahensis ZJB-08196, Actinoplanes sp. A56. Vé
ciu truc, Acarbose co ban chat twong ty mot
oligosaccharid gdm 4 phan tir carbohydrate
trong d6 2 phan tir dau tién két ndi boi lién két
N-glycosid thay vi lién két O-glycosid. Vé co
ché gay tac dung sinh hoc, Acarbose c6 cau tric
tuong ty nhu phan tir oligosaccharid — san pham
thuy phén cda tinh bt trong dudng ti€u hoa
nhung c6 ai luc voi a-glucosidase cao hon 104-
105 1an. Do d6, acarbose canh tranh thuan nghich
v6i phan tir oligosaccharid tur tinh bét tai trung
tam hoat dong clia enzym o-glucosidase dan téi
trc ché enzym. Ngoai wc ché enzym a-
glucosidase theo co ché canh tranh thi acarbose
con uc ché enzym o-amylase tir Aspergillus
oryzae [20] va a-amylase tir tuy ngudi. Acarbose
1an dAu tién duoc dua ra thi truong tai Pirc bdi hang
Bayer viao nam 1990 va duoc FDA ctia My cap
phép nim 1995 @ diéu tri BTD tuyp 2. Hién nay
trén thi truong Viét Nam, thude duoc ban véi tén
bi¢t dugc 1a Dorobay hay Glucarbose (100mg).
Valiolamine, m{t aminocyclitol da duogc
phian lap tor moéi truong 1én men cua
Streptomyces hygroscopicus subsp. limoneus va
cdu tric cia nd did dugc xac dinh la
(1(OH),2,4,5/1, 3)-5-amino-1-C-(hydroxymethyl) -
1,2,3,4-cyclohexalletetrol. Valiolamine dugc
nhan théy thé hién hoat tinh c ché men a-
glucosidase, chéng lai sucrase, maltase va
isomaltase; manh hon khi so véi valienamine,
validamine va hydroxyvalidamine — nhirng hop
chat c6 hoat tinh rc ché men a-glucosidase ciing
duogc phan 1ap tir dich 1én men vi sinh vat [38].
Tai Hoi nghi khoa hoc Cong ngh¢ sinh hoc
Toan qudc nim 2013, P Thi Tuyén cing cic
cong su da cong bd nghién ctru tach chiét va tinh
sach hoat chiat DNJ 1-deoxynojirimycin
(C6H13NO4) tir chung Bacillus subtilis VN9
phan 14p tai Viét Nam c6 thé e ché enzyme o-
glucosidase [39]. Véi dich 1én men nudi cay
chung vi khuan trén, cic nha khoa hoc di tién
hanh taa cdn, c6 dic, chay qua cot than hoat tinh
va ¢0t sephadex G75 thu dugc hop chét véi hiéu
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suat tinh sach 1a 39,7%. Hop chat cudi cing nay
dugc dem di thtr hoat tinh ¢ ché enzyme o-
glucosidase dat 93% va bén v6i nhiét. ‘Bén canh
d6, hop chét nay _cung dugc chay sdc ky ban
mong cung voi mau chuan DNJ va cho két qua
tuong dong voi Rf = 0,34, két qua phu hop véi
s liéu duogc cong bd qudc té [40].

Nhin chung, ¢6 rat nhiéu cac nghién ctru da
cho théy dugc hi€u qua cua viéc khai thac, tach

chiét tinh sach céac hop chét ¢ hoat tinh @rc ché
enzyme a-glucosidase c6 san trong tu nhién. Tao
tién dé dé cac nhdm nghién ctru tiép tuc tim hicu
cac diéu kién phu hop cho qua trinh tach chiét,
tinh sach hoat chét trc ché enzyme a- glucosidase
tir cac chuing nam Aspergillus - ching ndm moc
voi nhiéu tiém ning ng dung trong san xuat &
quy md cong nghiép.

Bang 1. Mot s6 hoat chét trc ché a-glucosidase tir vi sinh vat [37]

Nguon sinh vat Ban chét

Tinh dac hiéu

Actinomycetes

Pseudo-tetrasaccharide (acarbose)

a-glucosidase trong nudc bot, tuy, rudt

Streptomyces Pseudo-oligosaccharide

flavochromogenes

a-glucosidase trong nudc bot, tuy, rudt, a-
glucosidase cua vi sinh vat

Streptomyces fradiae Polypeptide (c6 tinh axit)

a-glucosidase cua dong vat

Streptomyces calidus Glycopeptide

a-glucosidase & tuy va rudt

Bacillus sp.50

Monosaccharide (Nojirimycin)

a-glucosidase & rudt

Streptomyces
hygroscopicus

Pseudo-oligosaccharide
(Valiolamide)

a-glucosidase & rudt

Cladosporium
cladosporioides

Glycopeptide (tomastachin)

a-glucosidase & dong vat c6 va

Cladosporium herbarum | Glycopeptide

a-glucosidase trong nudc bot va tuy

Aspergillus niger Glycopeptide

a-glucosidase cua Aspergillus

5. Nam soi Aspergillus spp.
5.1. Gidi thiéu ching ndm soi Aspergillus spp.

Chi Aspergillus bao gdm hon 340 loai ndm
soi phd bién va phan bd khip noi trén toan thé
gi6i [41]. Trong tuy nhién, cac chung nam
Aspergillus la tac nhan chinh gay ra sy phan huy
cac chat hitu co khac nhau. Nam Aspergillus
cling gy ra mot s6 bénh cho thuc vat va tao ra
céc doc td co thé gay 6 nhiém cho thuc pham tir
thuc vét khac nhau [42]. Nam Aspergillus sinh
san chi yéu bang cach hinh thanh bao tir v6 tinh,
ciu trac dugce tao ra trong cac cAu trac da bao
chuyén biét dugc goi la conidiophores. Dua trén
su twong ddng vé hinh thai cua cac
conidiophores nay voi aspergillum (voi phun
nude thanh), chi Aspergillus da duogc dat tén boi
mdt nha linh muc - nha sinh vat hoc ngudi Y Pier
Antonio Micheli [41, 43]. Hinh thai cua
conidiophores (kich thudc, mau sic va sy sip

xép cua cac bao tir) 1a nhimg thong sb, tiéu chi
quan trong dé xac dinh va phan loai loai trong
chi Aspergillus.

Néam Aspergillus c6 thé co tac dung c6 loi ma
ciling c6 bit loi dbi v6i con nguoi va moi trudng
[41]. Mot sb loai Aspergillus, chang han nhu
Aspergillus fumigatus va Aspergillus flavus, c6
thé anh _hudng nghi€m trong dén sirc khoe cong
dong bang cach giy ra bénh aspergillosis xam
14n hodc aspergillosis di tmg phdi - phé quan [44,
45]. M6t s6 loai bao gom A. flavus va Aspergillus
parasiticus co thé 1am 6 nhiém nguon thuc pham
c6 ngudn goc tur thuc vat véi doc t6 nAm mdc
aflatoxin — mot chat gay ung thu manh nhét duoc
tim thay trong ty nhién. Viéc tiéu thu cac thirc an
nhiém aflatoxin c6 thé dan dén bénh nidng bao
g(‘”)m nhiém ddc aflatoxin, hoai tir gan hoic ung
the gan [44, 46]. Mat khac, nhiéu loai
Aspergillus duogc sir dung dé san xuét enzyme,
1én men thyuc pham, cong nghé sinh hoc va san
xuit duoc phim [47]. Vi du, Aspergillus oryzae
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duoc su dung rong rai dé 1én men thuc phém
truyén thong & Pong A [48]. Aspergillus niger
duoc sir dung dé san xut cac enzym khac nhau
(vi dy, amylase va pectinase) va axit hitu co (vi
du, axit xitric) [49].

Néam Aspergillus c6 kha ning tao ra nhiéu
hop chét chuyén hoa thir cap khac nhau. Mic du
cac chat chuyén hoa thi cdp khong tham gia truc
tiép vao qua trinh sinh truong va phat trién binh
thuong cua ching nhung mot s6 dong vai tro
quan trong ddi véi doc lue, kha nang bdo vé vat
chu va sy ton tai trong méi truong [50-52]. Cac
chat chuyén hoa tht cAp nhu vay co6 thé co loi
hodc c6 hai cho con nguoi. Statin va thude khang
sinh la nhitng vi du vé cac san pham c6 loi. Statin
12 mot nhom cac hop chat 1am giam cholesterol
trong co thé bang cich @c ché HMG-CoA
reductase, do d6 1am giam nguy co mic bénh tim
mach [53]. Lovastatin, statin dau tién duoc
USFDA phé duyét vao nam 1987, dugc san xuat
boi A. terreus va dugc thuong mai hoa boi
Merck [54]. A. fumigatus c6 thé tao ra
pyripyropene, la mot chat lam giam cholesterol
khac bang cach wc ché acyl-CoA: cholesterol
cyltransferase [55]. Ngoai ra, cac dugc chit quan
trong khac nhu chat dbi khang cholecystokinin
va yéu t6 hoat hoa kénh ion dugc tao ra boi mot
so Aspergillus spp [56]. Mot loai khang sinh ndi
tiéng, penicillin, dugc san xudt boi mot s loai
Aspergillus bao gom A. nidulans [57]. Céc loai
Aspergillus ciing san xuét cac san pham khéc co
cong dung 1am sang nhu cac hoat dong chong
ung thu hodc chéng nam [58].

5.2. Nghién citu hoat chat tc ché enzym
a-glucosidase tir chung Aspergillus trong nuoc
va quoc te.

S& hitu mot ngudn cac hop chit chuyén hoa
thi cép da dang, ndm 12 mot nguén san xuét
chinh cac AGIs (Bang 2). Butyrolactone | va Il
dugc phan lap tr Aspergillus terreus trong do
butyrolactone I (ICso = 52,17 + 5,68 pmol/L) c6
hoat tinh trc ché twong ddi cao véi glucosidase
cia nim Saccharomyces cerevisiae. Véi
butyrolactone II, chat nay kém hoat dong hon ddi
vai a-glucosidase (1Cso = 96,01 £ 3,70 umol/L),
so voi quercetin (ICso = 14,6 = 3,72 pmol/L)

[30]. Bén canh do, Dewi cung cac cong sy cling
bude dau xay dung mdi quan hé ciu tric — tac
dung vé& hoat dong wc ché o-glucosidase va
chéng oxy hoa ciia cic dan xuat butyrolactone.
Butyrolactone I ¢6 chudi bén prenyl va nhém
alpha hydroxy-lactone, thé hién hoat tinh {rc ché
o-glucosidase manh nhat va ciing co cac hoat
dong chdng oxy hoa véi gia tri ICs trong tng 1a
52,17 + 5,68 va 51,39 £+ 3,68 uM. Nguoc lai,
Butyrolactone II (thiéu chudi bén prenyl) 1a chat
chéng oxy hoéa manh nhét véi ICs 1a 17,64 *
6,41 pM, nhung it hoat dong hon dbi voi
o-glucosidase. Sy acetyl hoa tat ca cic nhém
hydroxyl cua butyrolactone I 1am giam déng ké
c4 hoat dong trc ché a-glucosidase va chong oxy
héa. Nhém prenyl va alpha hydroxy-lactone
dudng nhu co6 tac dung hiép dong ddi véi
hoat dong @c ché nhung khong co tac dung
chbng oxy hoéa.

Bén canh d6, ndm 2013, Kang cung cong su
[31] d4 phan 1ap thanh cong mot chit e ché a-
glucosidase dugc phat trién tir chung nim
Aspergillus oryzae N159-1, dugc sang loc tu
thue phim 1én men truyén thdng cua Han Qudc.
Nong d6 cuia chét e ché dat dén mirc cao nhat
khi ndm duoc nudi cdy trong méi truong nudc
dau nanh thir nghiém & 27 °C trong 5 ngay. Chat
rc ché duoc tinh sach béng cach sir dung mot
loat cac budc tinh ché nhu phuong phap siéu loc,
séc ky thim thau gel Sephadex G-25, chiét pha
ran - trao doi cation, sac ky long hiéu nang cao
pha dao va sic ky rdy phan tir. Hiéu sut cudi
cung cua qua trinh tinh sach 1a 1,9%. Két qua
phan tich siac ky long- kh01 phd song song
(LC-MS/MS) chi ra riang chat wc ché
a-glucosidase tinh ché 1a mot tri-peptide, Pro-
Phe-Pro, co trong lugng phan tir 1a 360,1 Da. Gia
tri ICso cta peptit chéng lai hoat dong cua
a-glucosidase la 3,1 mg/mL.

Aspergillus aculeatus, mot loai ndm duogc
phan 1ap tr mau dat 1ay ¢ Indonesia, dugc nudi
cay trong moi trudong long dé khao sat mot hop
chat méi va cac nha khoa hoc da tim ra dugc mot
chét tc ché o-glucosidase mai [29]. Chiét xuat
tir soi ndm cua A. aculeatus cho thiy hoat tinh
chbng lai men a-glucosidase cia loai ndm men
Saccharomyces cereviseae tuong dbi cao, tiém



22 B. H. Son et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 38, No. 1 (2022) 11-25

nang trong khi chiing c¢6 hoat tinh nhe chdng lai
a-glucosidase ciia dong vat c6 va vdi gid tri IC50
lan luot 13 9,57 pg/mL va 470,76 mg/mL. Céc
két qua nghién ctru cho thay A. aculeatus 1a mot
nguén tu nhién dﬁy hira hen c6 vai tro nhu mot
hop chat dan duong trong viéc phat hién ra thude
tri DTD tuyp 2.
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Hinh 7. Cfiu tric clia cac hop chét phén 1ap tir ching
nam Aspergillus flavus QQSG-3 [59].

Pén nam 2018, Wu cung cac cong sy ti€p
tuc nghién citu va tim ra cac chat c6 tiém nang cho

hoat tinh trc ché enzyme o-glucosidase tir loai nAm
modc Aspergillus flavus QQSG-3 (Hinh 7) [59].

Hai ete diphenyl méi (1 va 2) va bdn
sesquiterpenoit phenolic bisabolane méi (3 - 6),
cung v6i ndm dan xuét lién quan da biét trude do
dugc phén l4p tir viée nudi cdy ndm nodi sinh A.
flavus QQSG-3 thu dugc tir mot nhanh tuoi cia
cdy Kandelia obobata, dugc thu thip tir thanh
ph6 Hué Chau, tinh Quang Péng, Trung Qudc.
Trong d6, cac hop chat 3, 5, 10 va 11 cho thay
tac dung trc ché manh mé voéi gid tri 1Cso trong
khoang 1,5 - 4,5 uM [59].

Nhin chung, Aspergillus 1a mot chi nim rat
tiém nang cho viéc khai thac tim ra huéng di méi
cho cac phuong phap diéu tri bang thudc d6i voi
bénh DTD. Tuy nhién, tai Viét Nam, qua trinh
nghién ctru cac hop chat tc ché enzyme a-
glucosidase tai Viét Nam con kha han ché.
Chinh vi vdy can dé tiép tuc nghién ctru cac diéu
kién thich hop dé tach chiét va tinh sach hoat
chat e ché enzyme o-glucosidase tir dich 1én
men cia cac lodi nAm nay, tr d6 xac dinh duoc
cAu trac cu thé va dinh danh cho hoat chét nay.

Bang 2. Mot s6 hoat chit wre ché a-glucosidase tir chiing ndm Aspergillus

Ngudn phan 1ap

Hoat chét trc ché a-glucosidase

Gia tri ICs

Aspergillus terreus

Butyrolactone (1)
Butyrolactone (1)

52,17 + 5,68 umol/L
96,01 + 3,70 umol/L

Aspergillus oryzae N159-1 Tri-peptide (Pro-Phe-Pro) 3,1 pg/mL
Aspergillus aculeatus (Chua xac dinh) 9,57 pg/mL
C22H2803 (3) 4,5 umol/L

. i C30H4605 (5) 3,1 umol/L
Aspergillus flavus QQSG-3 peniciaculin A (10) 1,5 pmol/L
expansol D (11) 2,3 pmol/L

6. Két luan

Cac san pham nguon gbc tir tu nhién van
dugc coi la ngudn tiém ning dé kham pha va
phat trién thuéc méi. Hon nita, sy da dang loai vi
sinh vat tir vi khuan, nim 12 mot ngudn phong
phu cta cac hoa chét hoat tinh sinh hoc, it tac
dung khéng mong mudn hon ma thé hién céc tac
dung dugc Iy manh. Ti€u biéu trong s6 do 1a cac
chung ndm Aspergillus, voi nhiéu bang ching
cho thdy su da dang trong hop chit chuyén hoa

thir cp, mot ngudn tiém nang dé khai thac cac
tac dung duoc 1y str dung trong diéu tri bénh dai
thdo dudng. Tong quan ndy cung cp thong tin
vé hoat chat e ché enzyme a-glucosidase va cac
nghién ciru tong hop enzyme ndy tir cac chung nam
Aspergillus tmg dung trong diéu tri bénh DTPD.

Lo1i cam on

Chlng t6i tran trong cam on Ban lanh dao
Truong Pai hoc Y Duoc, Pai hoc Qudc gia Ha
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NOoOi, cac can bd Bo mon Y Duoc hoc co so -
Truong Pai hoc Y Dugc, Pai hoc Quoc gia Ha Noi
da ho trg chung t6i thuc hién nghién ctru nay.
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