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ABSTRACT

The surveys were arranged based on the response surface methodology according to the
Box-Behnken model in Design Expert 11.0 software to optimize the extraction conditions
to maximize the total polyphenol and flavonoid content from the leaves of the Celastrus
hindsii (CH). The study has extracted polyphenols (120.30+1.15 mg GAE/g extract) and
Sflavonoids (302.39+1.78 mg QF/g extract) optimally by immersion method in ethanol
69% (v/v) 6 hours, material/solvent ratio 1/36 (w/v) and extraction temperature at 60°C.
The polyphenol-rich and flavonoid-rich extracts were then studied for their antioxidant
and antidiabetic activities in vitro. The results showed that, CH leaf extract exhibited
potent neutralizing and reducing activities of free radicals in the test: DPPH
(EC50=26.73+1.16 ug/mL), NO" (ECs0=55.43+£0.78 ug/mL), ABTS™ (ECs0=7.79+0.01
ug/mL), RP (EC50=9.03+0.12 pug/mL), FRAP (EC5=9.20+0.30 ug/mL), and TAC
(EC50=59.49+2.61 ug/mlL). The CH leaf extract also significantly inhibited a-amylase
and o-glucosidase enzyme activities with ECsovalues of 156.03+0.43 ug/mL, 26.33+0.76
ug/mL, respectively. This study shows that CH leaf extract, rich in polyphenols and
flavonoids, is a promising antioxidant and antidiabetic in vitro agent.

TOM TAT

Khao sat duoc bo tri theo phwong phdp dap ung bé mat dira vdao mé hinh Box-Behnken
trong phan mém Design Expert 11.0 dé toi wu cdc diéu kién ly trich polyphenol va
flavonoid trong la xa den (LXD). Nghién cvuu da ly trich duoc polyphenol (120,30x1,15
mg GAE/g cao chiét), flavonoid (302,39+1,78 mg QF/g cao chiét) t6i wu bing phwong
phap ngam trong ethanol 69% (v/v) 6 gio, ty Ié nguyén lieuw/dung méi la 1/36 (wh) va
nhiét @g ly trich 60°C. Cao t6i wu LXP gidu polyphenol va flavonoid dé dwoc nghién
ciu hoat dgng khdng oxy héa va khang déi thdo dwong in vitro. Két qud cho thdy, cao
161 wu LXP thé hién cdc hoat dong trung hoa va khir hiéu qua cdc goc tir do trong thir
nghiém DPPH (ECs0=26,73+1,16 ug/mL), NO" (ECs0=55,43+0,78 ug/mL), ABTS™
(EC50=7,79+0,01 ug/mL), RP (ECs0=9,03+0,12 ug/mL) va FRAP (ECs0=9,20+0,30
ug/mL) va TAC (ECs0=59,49+2,61 ug/mL). Cao t6i 1wu LXD ciing tec ché ding ké hoat
dong cua enzyme o-amylase va o-glucosidase voi cac gia tri ECso lan luot la
156,030,43 ug/mL, 26,33+0,76 ug/mL. Nghién ciru ndy cho thdy cao t6i wu LXP gidu
polyphenol va flavonoid la mot tac nhan khang oxy hda va khdng dai thao dwong in vitro
day hika hen.
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1. GIOI THIEU

Dai thdo duong (PTD) 1a mot bénh rdi loan
chuyén héa noi tiét c6 dac diém 1am sang la ting
glucose huyét man tinh do thiéu insulin, dwoc coi la
mot nguy co khung hoang stc khoe I6n trén toan thé
gigi (Wang et al., 2013; Kaur et al., 2016). Bénh
bTDb co thé gay ra ton thuong bénh 1y cho gan, than
va tuyén tuy, véi nhitng bat thuong dic trung trong
qua trinh chuyén héa carbohydrate, lipid va protein
(Kuzuya et al., 2002). Cac chét tw nhién c6 hoat tinh
khang oxy hoa wc ché tén thuong do stress oxy hoa
gdy ra da tré thanh mot chién lugc diéu tri dé giam
nguy co mic bénh BTD va cac bién chung (Wang
etal., 2013). Polyphenol va flavonoid cho thiy mot
s6 hOat dong dugc ly bao gdbm giam apoptosis,
khang BDTD, bao vé tim mach, bao vé gan va cac
hoat dong ting sinh té bao (Han et al., 2007).
Polyphenol va flavonoid 1a mot phan khong thé
thiéu trong ché do an udng ciia con nguoi va cé trong
céc chét chiét xuat tir thyc vat da duoc st dung trong
y hoc.

Céc loai thuc vat dang dong mot vai trd quan
trong trong viéc bao vé stc khoe, chéng lai bénh tat
cho con ngudi. Cac cao chiét khac nhau dwoc ly
trich tir cdy xa den thé hién cac hoat tinh dwoc Iy
nhu: khang oxy hoa (Ly et al., 2006), khang virus
(Luo et al., 2018), khang ung thu (Hu et al., 2014).
Bén canh d6, nhitng nghién ciru vé thanh phan hoa
hoc chi ra ring cdy xa den co chua alkaloid,
flavonoid, phenol, steroid va triterpen (Cianciosi et
al., 2005; Pham et al., 2020). Cac nghién ctu vé hoat
tinh khang oxy hoa va khang BTD in vitro ¢ Viét
Nam van con nhiéu han ché. Do d6, nghién ctru da
duoc thuc hién nham ti wu hoa diéu kién ly trich
polyphenol va flavonoid tir 1a xa den (LXD) giau cac
hoat tinh sinh hoc.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctru

LXD dugc thu mua vao thang 09 nim 2020, tai
tinh Hoa Binh. Mau duoc xir Iy va luu gitr tai phong
thi nghiém Nghién ctru va Phat trién Duoc liéu cua
bd moén Sinh hoc thuéc Khoa Khoa hoc Tu nhién,
Trudng Pai hoc Can Tho. Cay xa den duoc x4c dinh
dua vao dic diém hinh thai co quan sinh dudng va
sinh san theo hé thong phén loai Cay co Viét Nam
(Ho, 2003).

Thiét bi: méy ly tim lanh (Mikro 12-24, Hettich,
Puc), can phan tich (AB104-S, Mettler Toledo,
Thuy S¥), ta siy (BE 200, Memmert, Duc), bé u
(Memmert, Dtic), may vortex (ZX3, Velp, Y),
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migropipette (Thermo Labsystems), may do quang
pho (Thermo Scientific Multiskan GO, Phan Lan),
may c6 quay chan khéng (Heidolph, Buc).

Hoa chét: ethanol (Cemaco), trolox (Sigma-
Aldrich), K;S;0g (Merck), Na,COj3 (Xilong), gallic
acid (Merck), quercetin (Merck), Folin-Ciocalteu’s
phenol reagent (Merck), KsFe(CN)s (Merck),
ClI;CCOOH (Merck), FeCl; (Sigma-Aldrich),
NaNO; (Xilong), AICIls.6H,O (Xilong), 2, 2-
diphenyl-1-picrylhydrazyl (Sigma-Aldrich), 2,2-
azino-bis (3-ethylbanzthiazoline-6-sulphonic acid
(Germany), 2, 4, 6-tripyridyl-s-triazine (Sigma-
Aldrich), NHsMo07024.4H,0O (Xilong), dimethyl
sulfoxide (Merck), enzyme a-amylase (Sigma-
Aldrich), enzyme o-glucosidase (Sigma-Aldrich),
acarbose (Sigma-Aldrich) va mot s6 hoa chét khac.

2.2. Phuong phap nghién ciau
2.2.1. Diéu ché bot duoc ligu LXD

LXD tuoi (4800 g) thu vé duoc rira sach va siy
kho & nhiét do tir 40-45°C. LXD kho (2750 g) dugc
xay nhuyén thanh bot va ray qua ray kich thuéc hat
60 mesh (0,25 mm). Bot duoc lidu LXD c6 d6 4m 1a
4,2540,04% dugc xac dinh theo mo ta trong Dugc
Dién Viét Nam V (Bo Y Té, 2018).

2.2.2. Phuwong phap dinh lwong polyphenol va

flavonoid

Pinh heong polyphenol téng bang thusc thir
Folin-Ciocalteu

Ham lugng polyphenol dugc xac dinh theo mo ta
cua Singleton et al. (1999). H3n hop phan tng gom
250 pL cao chiét; 250 puL nudc khir ion va 250 pL
thudc thir Folin-Ciocalteu (25%). Sau 8 phut, 250
pL dung dich sodium carbonate 10% da dugc thém
vao va lic déu. Do hap thu caa hdn hop phan ting
dugc do bang may quang phé ¢ bude song 765 nM
sau khi G 30 phut ¢ 40°C. Ham lugng polyphenol
duoc xac dinh twong duong miligam gallic acid trén
mdi gram cao chiét (mg GAE/g cao chiét).

Phuong phdp dinh luong flavonoid

Ham luong flavonoid dugc xac dinh theo mo ta
cua Sultana et al. (2007). H3n hop phan @ng gom:
200 pL cao chiét, 200 pL nuéc khir ion va 200 pL
NaNO; (5%) duoc u trong 5 phat. Sau d6, 40 uL
AICl; (10%) dugc thém vao va u trong 6 phut. Tiép
theo, 400 pL. NaOH 1 M duoc thém vao hdn hop.
Thé tich cudi cing dugc diéu chinh thanh 1000 pL
bang nudc khir ion va tron ky. Sau 15 phut, d6 hip
thu quang pho caa hdn hop dugce xac dinh & budc
song 510 nM. Ham lugng flavonoid dugc xac dinh
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tvong duong miligam quercetin trén mdi gram cao
chiét (mg QE/g cao chiét).
2.2.3. Khdo sdt dnh huong ciia cdc yéu té don
den qua trinh ly trich cao chiét LXP
giau polyphenol va flavonoid

Ty 1€ nguyén liéu/ dung méi: Bot duoc lieu LXD
duoc ngam véi cac ty 16 nguyén liéu/ dung méi 1an
luot 1a: 1/10, 1/15, 1/20, 1/25, 1/30, 1/35 va 1/40
(W/v). Céc yéu té thoi gian ly trich 6 gid voi ndong do
ethanol 90% (v/v) va nhiét d6 30°C dugc cb dinh.

Nhiét do: Bot dugc liéu LXD dugc ngdm ¢ cac
nhiét d6 khac nhau: 30, 40, 50, 60, 70, 80 va 90°C.
Céac yéu to nong do ethanol 90% (v/v) véi ty Ié
nguyén li€u/dung moi 1a 1/10 (w/v) trong 6 gio dugc
c6 dinh.

Nong d6 ethanol: Bot dwoc lidu LXD dugc ngam
véi ethanol: 40, 50, 60, 70, 80 90 va 99,5% (v/v).
Céc yéu t6 thoi gian ly trich 6 gid vai ty 1é nguyén
liéu/dung moi 1a 1/10 (w/v) va nhiét d6 30°C dugc
cb dinh.

Thoi gian: Bot dugc liéu LXD dugc ngdm & cac
mdc thoi gian: 6, 12, 18, 24, 30, 36 va 42 gio. Cac
yéu t6 nong do ethanol 90% (V/v) véi ty 1¢é nguyén
liéu/dung moi 1a 1/10 (w/v) va nhiét d6 30°C dugc
c6 dinh.

Sau d6, dich ngam s& duoc loc va c¢6 dudi dung
mdi dé thu ldy cac cao dugc lidu twong ung.
Polyphenol va flavonoid dugc dinh lugng trong
tung cao duoc liéu theo mé ta trong Muc 2.2.2.

2.2.4. Téi wu héa quy trinh ly trich cao chiét
LXD giau polyphenol va flavonoid

Quy trinh ly trich polyphenol va flavonoid trong
bot duoc licu LXP duogc t6i wu héa theo md hinh
Box-behnken trong phan mém Design Expert 11.0.
Thi nghiém duoc tién hanh véi 3 yéu té anh huong.
Mb hinh két hop voi mot sé thi nghiém ¢ tam la
nhitng thong sb t&i wu xac dinh duoc dira vao cac thi
nghiém khao sat don yéu td & trén va mot s thi
nghiém canh tay don xoay xung quanh tim. Trong
khao sat nay tong s6 nghiém thirc 1a 17, trong d6 ¢6
5 nghiém thirc trung tdm. Dya vao phuong trinh hoi
quy da bién, tuong tac clia cac yéu td anh huong véi
ham muc tiéu va két qua udc tinh dat dugc cao nhat
cua ham luong polyphenol, flavonoid twong tng Véi
cac thong so t6i wu dé xac dinh cu thé quy trinh ly
trich t&i wu cao chiét LXD giau polyphenol va
flavonoid.
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2.2.5. Khdo sdt hoat tinh khang oxy hoa va
khang DTD in vitro

Khdo sdt hoat tinh khdang oxy héa in vitro

Hoat tinh khang oxy hoa in vitro cia cao ti uu
LXD duge danh gia thong qua 6 phuong phéap. Kha
ning khang oxy hoa tong dugc danh gia bang
phuong phap phosphomolybdenum theo moé ta cua
Prieto et al. (1999). Kha ning trung hoa gbc ty do
cua cao t6i wu LXD dugc danh gia 1an lugt thong
qua phuong phap trung hoa gdc tu do 2,2'-azino-bis-
3-ethylbenzothiazoline-6-sulfonic acid (ABTS™)
theo mo ta cia Nenadis et al. (2004), 2,2-diphenyl-
1-picrylhydrazyl (DPPH) theo mé ta ctia Sharma
and Bhat (2009) va nitric oxide (NO) theo m6 ta cia
Alisi and Onyeze (2008). Thir nghiém kha nang khur
cuia cao toi vu LXD duoc danh gia dwa vao nang luc
khir sit (Reducing power, RP) theo md ta cia
Oyaizu (1986) va tiém nang khu sit (Ferric
reducing-antioxidant power, FRAP) theo mo ta cua
Benzie and Strain (1996).

Trong céc thir nghiém khang oxy hoa ¢ trén, tinh
chit trolox dwoc st dung lam d6i ching dwong. Céac
hoat dong khang oxy hoa cua cao téi wu LXD dugc
so sanh véi hoat tinh cua trolox va cao LXD (cao
LXD 1a cao duoc chiét xuat trong didu kién binh
thuong theo mo ta cua Phung (2007) va Anh et al.
(2021), cu thé nhu sau: ethanol 99,5% (v/v), nhiét do
chiét 30°C, thoi gian 24 gid va ty 1& nguyén lidu/
dung moi 1a 1/10 (W/v)) bang cach tinh todn ndng do
(ug/mL) ma cao téi wu LXD, cao LXD hoic trolox
¢6 thé khir hogc trung hoa 50% cac gbc tuy do
(effective concentration of 50%, ECsy).

2.2.6. Khdo sdt hoat tinh khang BPTD in vitro

Hoat tinh khang BTD in vitro cua cao tdi uu
LXD duoc danh gia thong qua kha nang tc ché hoat
dong clia enzyme a-amylase va a-glucosidase.
Trong d6, kha ning ¢ ché enzyme o-amylase cua
cao ti vu LXP duoc thuc hién theo mé ta cia Xiao-
Ping et al. (2010). Hiéu qua wc ché enzyme a-
glucosidase cua cao téi vu LXD duogc x4c dinh theo
mo ta cua Shai et al. (2011).

Tinh chat acarbose duoc sir dung lam déi chung
duong. Kha ning tc ché enzyme o-amylase va a-
glucosidase cua cao tdi wu LXP dugc so sanh voi
hoat tinh ciia acarbose va cao LXD bang cach tinh
toan ndng d6 (ug/mL) ma cao tdi wu LXD, cao LXD
hozc acarbose ¢6 hiéu qua wc ché 50% su hoat dong
cua cac enzyme (effective concentration of 50%,
ECso).
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2.3. Xirly va phan tich s liéu

Quy trinh ti wu dwoc thiét ké dwa vao su hd tro
cia phan mém Design Expert 11.0. Sb liéu duoc
phan tich va xir Iy théng ké bang phan mém Minitab
16 (ANOVA-Tukey’s) va trinh bay dudi dang
MEAN+STDEV. Céc biéu dd duoc vé bang phan
mém Microsoft Excel 2016. Cac thir nghiém in vitro
duogc bd tri lap lai 3 lan.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng caa cac yéu té don

Ham luong polyphenol va flavonoid trong cao LXD
tang 1én khi tang ty 1€ nguyén liéu/ dung moi. Ham
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luong polyphenol va flavonoid ting dan tir ty Ié
nguyén liéu/ dung moéi 1a 1/10 (wiv) dén 1/35 (Wiv),
khac biét c¢6 ¥ nghia vé mat thong ké (Hinh 1A). Sau
d6, ham lugng polyphenol, flavonoid ly trich dugc
bat ddu giam khac biét co y nghia vé mat thong ké
(p<0,05) tir ty 1€ nguyén liéu/ dung moi la 1/40
(W/v). Piéu tuong tu ciing ghi nhan duoc trong
nghién cttu ctia Xiao et al. (2008) va Thu Dao et al.
(2021). Thé tich dung méi 16n din dén su khuéch
tan ciia nhiét ¢ cham va khong dong nhat trong moéi
treong phan ng (Thu Dao et al. (2021).
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Hinh 1. Ham hrgng polyphenol va flavonoid ly trich tir LXD & cac diéu kién khao sat don yéu to

Ghi chu: A-Ainh hueng cua ty |é nguyén liéu/ dung maoi a',“é'n ham lirong polyphenol va flavonoid; B-Anh hirong ciia nong
do ethanol den ham luong polyphenol va flavonoid,; C-Anh huwdng cua nhi¢t do den ham luong polyphenol va flavonoid;
D-Anh hwong cua thoi gian déen ham luong polyphenol va flavonoid.

Nong do ethanol c6 anh huong déng ké dén ham
luvong polyphenol va flavonoid (Hinh 1B). Ham
lugng polyphenol ly trich tir bot dugc ligu LXD tang
tir 31,18+1,26 mg GAE/g cao chiét & ndng do
ethanol 40% 1én 44,12+0,35 mg GAE/g cao chiét &
nong do ethanol 70%. Ham luong polyphenol tir
nong do ethanol 80% (11,76+0,36 mg GAE/g cao
chiét) c6 xu hudng giam. Bot duoc lidu LXD dugc
chiét véi ethanol 99,5% cho ham lugng polyphenol
rat thap chi con 2,46+0,38 mg GAE/g cao chiét, kém
17,93 Ian so véi ethanol 70%. Ham luong flavonoid
ly trich tir bot dugc liéu LXD cling lién tuc tang khi
ly trich véi ethanol 40% (68,42+1,31 mg QE/g cao
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chiét) dén 70% (101,06+4,95 mg QE/g cao chiét) va
ham luong flavonoid ciing bit dau giam khi ly trich
v6i ethanol 80% (34,91+£2,10 mg QE/g cao chiét).
Khi ly trich véi ethanol 99,5%, ham lugng flavonoid
thu duoc rat it chi con 2,80+0,30 mg QE/g cao chiét,
kém hon ethanol 70% 36,09 lan. Polyphenol va
flavonoid trong thuc vét phan I6n 1a nhiing hop chat
phén cuc vira phai, nhirng dung moi ¢6 d6 phéan cuc
cao nhu nudc hay khong phan cyc nhu n-hexane thi
khong thich hgp dé ly trich polyphenol véi higu qua
cao. Sy két hop ciia nudc véi cac dung méi hitu co
khac tao ra mot moi truong cd do phan cuc vua phai
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dam bao cac diéu kién tdi uu dé khai thac cac
polyphenol va flavonoid (Chirinos et al., 2007).
Ham Iwgng polyphenol va flavonoid tang lién
tuc khi dugc ly trich & nhiét do tu 30°C
(TPC=11,94+0,80 mg GAE/g cao chiét,
TFC=29,53+0,90 mg QE/g cao chiét) dén 60°C
(TPC=27,19+0,54 mg GAE/g cao chiét,
TFC=87,52+2,17 mg QE/g cao chiét) va bat dau
giam tir 70°C (TPC=23,51+0,48 mg GAE/g cao
chiét, TEC=60,43+2,11 mg QE/g cao chiét). Nhu
vay, nhiét do ly trich (bién sb doc lap) duoc thay doi
tr 30°C dén 90°C, ham lugng polyphenol va
flavonoid (bién phu thudc) dat cuc dai & 60°C, va
sau d6 giam dan khi ting nhiét do (Hinh 1C).
Nguyén nhan dan dén giam ham lugng polyphenol
va flavonoid 1a do bot dugc liéu LXD duge ngam &
nhiét d6 cao trong thoi gian dai ¢ thé dan dén su
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GAE/g cao chiét sau 6 gio ngdm ting dén
15,36+0,20 mg GAE/g cao chiét sau 42 gio ngam.
Ham lugng flavonoid thu dwoc sau 6 gio ngam la
30,75+1,83 mg QE/g cao chiét tang 1én 42,21+0,30
mg QE/g cao chiét sao 42 gio ngam. Trong nghién
ciru nay, ham lugng polyphenol va flavonoid tang
dan khi kéo dai thoi gian ly trich tir 6 dén 42 gio.
Tuy nhién, ham lugng polyphenol va flavonoid &
céc mdc thoi gian tang khong khéc biét (p>0,05).

Nong do ethanol, nhiét do va ty 1é nguyén liéu/
dung moi 1a 3 yéu t chinh anh huéng dén ham
lugng polyphenol va flavonoid ly trich tor LXD
(Hinh 1). Nong d6 ethanol tir 60% dén 80%, nhiét
d tir 50°C dén 70°C, ty 1& nguyén liéu/ dung méi tir
1/30 dén 1/40 (w/v) va thoi gian 1a 6 gio da dugc
chon dé dwa vao mo hinh tdi wu hoa diéu kién ly
trich polyphenol va flavonoid.

phan huy cua cac hop chat thudc nhom polyphenol
va flavonoid. Nghién ctru cua Nuutila et al. (2002)
va Sensoy et al. (2006) cho thy nhiét d¢ ly trich cao
s& dan dén sy phan huty ciia cac hop chét thuoc nhom
polyphenol va flavonoid.

3.2. Toi wu héa quy trinh chiét xuét
polyphenol va flavonoid ly trich tir LXD

Két qua khao sat anh huong caa ndng do ethanol,
nhiét do, ty 1é nguyén liéu/ dung moéi dén ham lugng
polyphenol va flavonoid trong LXP trong thuc
nghiém va mé hinh dy doan dugc trinh bay trong
Béang 1.

Ham luong polyphenol va flavonoid cua bot
dugc liéu LXD ly trich & cac moc thoi gian khac
nhau dugc trinh bay trong Hinh 1D. Ham lugng
polyphenol thu dugc dao dong tur 11,19+0,86 mg
Bang 1. Két qua thuc nghiém, du doan ham hrgng polyphenol va flavonoid
Ham lwgng polyphenol

Ham lwong flavonoid

N?r?l;%m Cac bien dgc 1ap (mg GAE/g cao chiét) (mg QE/g cao chiét)

A (°C) B (%, vlv) C (wiv) Thuc nghiém Du doan Thuc nghiém  Dw dodn
1 45 60 1/35 61,75'+0,85 64,86 163,51%¢1,34 165,75
2 65 60 1/35 68,90™+0,68 67,88 171,841+1,02 172,04
3 45 80 1/35 55,231+1,51 56,25 101,93M+0,65 101,71
4 65 80 1/35 48,631+1,04 45,52 88,68°+062 86,42
5 45 70 1/30 78,11%41,10 76,57 209,18%+1,92 208,42
6 65 70 1/30 70,04%+0,83 72,63 198,709+0,65 199,98
7 45 70 1/40 93,32b+0,73 90,73 211,70%+0,66 220,39
8 65 70 1/40 85,43°+0,76 86,97 219,08%+1,06 219,82
9 55 60 1/30 66,73%9+0,59 65,16 174,05+1,59 172,54
10 55 80 1/30 45,03%+0,85 45,55 98,28"+0,86 99,22
11 55 60 1/40 75,80%+0,93 75,28 190,92"+1,66 189,96
12 55 80 1/40 62,37"+0,81 63,94 112,14'+1,21 113,62
13 55 70 1/35 117,30%:0,96 116,88 297,59°+017 297,18
14 55 70 1/35 116,05%+0,09 116,88 298,07°+0,09 297,18
15 55 70 1/35 118,85%+0,09 116,88 299,74%+0,05 297,18
16 55 70 1/35 114,71%+1,10 116,88 296,53°+0,03 297,18
17 55 70 1/35 117,47°+1,20 116,88 294,05°+0,03 297,18

Ghi chu: Cdc gid tri c6 mdu ty theo sau trong cing mgt cét giong nhau khdc biér khdng co Y nghia ¢ mute 5%. A la nhiét
do(°C), B la nong do ethanol (%, v/v), C la ty 1é nguyén liéu/ dung maoi (WiV).

Céc nghiém thire trung tdm (nghiém thue 13 dén
17) déu cho ham lugng polyphenol va flavonoid cao
hon cac nghiém thirc con lai. Trong d6, nghiém thirc

15 cho ham lugng polyphenol (118,85+0,09 mg
GAE/g cao chiet) va flavonoid (299,74+0,05 mg
QE/g cao chiét) cao nhat. So véi ham luong
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polyphenol, flavonoid ma mé hinh dy doan duoc thi
ham lugng polyphenol thu dugc ¢ 17 nghiém thac
khong khac so véi mo hinh thuc nghiém.

Dua vao cac két qua thu nhan dugc tir Bang 1,
phan mém Design Expert 11.0 dugc sir dung dé tién
hanh t6i wu héa nhiam xac dinh dwoc gia tri cua ba
yéu to ma tai d6 ham lugng polyphenol va flavonoid
1a cao nhat. Tir s6 liéu thuc nghiém, phuong trinh
hoi quy dang bac hai thé hién ham lugng polyphenol
va flavonoid dugc thiét 1ap nhu sau:

Tap 58, S6 chuyén dé: Khoa hoc ty nhién (2022)(2): 48-58

Y polyphenol = -3275,83725 + 25,58572 x A +
54,08495 x B +42,29115 x C-0,03437 x A x B +
0,0009 x A x C +0,04135 x B x C-0,19503 x A?-
0,38745 x B2-0,62592 x C2.

Yriavonoid = -8869,8385 + 60,48385 x A +
162,08908 x B +102,27915 x C - 0,05395 x A x B
+0,0893 x A x C-0,01505 x B x C - 0,49944 x A?
-1,15762 x B? - 1,50347 x C2,

Trong do, Y la ham luong polyphenol hogc flavonoid
dur dodn thu duoc tiw LXD, A la yeu to nhiét do (°C), B la
yeéu to nong dé ethanol (%, v/v) va C la yéu 6 ty 1é nguyén
liguldung méi (w/v).

Béng 2. Phan tich cac hé s6 twong quan ciia cac yéu t6 dén ham lugng polyphenol

Phian tich ANOVA polyphenol

Phin tich ANOVA flavonoid

Ngudn Sum of Mean

Sum of Mean

Df F-value p-value Df F-value p-value

sqguares square sqguares sguare
Model 10770,22 9 1196,69 152,96 <0,0001 90718,93 9 10079,88  1864,72  <0,0001
A 29,68 1 29,68 3,79 0,0925 8,04 1 8,04 1,49 0,2621
B 479,26 1 479,26 61,26 0,0001 11196,81 1 11196,81 2071,34 <0,0001
C 406,27 1 406,27 51,93 0,0002 359,52 1 359,52 66,51 <0,0001
AB 47,27 1 47,27 6,04 0,0436 116,42 1 116,42 21,54 0,0024
AC 0,0081 1 0,0081 0,0010 0,9752 79,74 1 79,74 14,75 0,0064
BC 17,10 1 17,10 2,19 0,1828 227 1 2,27 0,4190 0,5381
A2 160155 1 1601,55 204,71  <0,0001 10502,86 1 10502,86  1942,96  <0,0001
B? 6320,90 1 6320,90 807,94 <0,0001 56424,35 1 56424,35 10438,16  <0,0001
c? 1030,99 1 1030,99 131,78 < 0,0001 5948,48 1 5948,48  1100,43  <0,0001

Residual 54,76 7 7,82 37,84 7 541
Lack of Fit 4496 3 14,99 6,12 0,0564 20,11 3 6,70 1,51 0,3404
Pure Error 9,80 4 2,45 N=17 CV=3,14% 17,73 4 4,43 N=17 CV=1,15%
Cor Total ~ 10824,98 16 R?=0,9949 R?¢j=0,9884 R%pe=0,9321  90756,77 16 R?=0,9996 R?dj=0,999 R%c=0,9961

Phan tich ANOVA duoc sir dung dé danh gia mo
hinh thu dugc két qua thé hién trong Bang 2. Phuong
trinh hdi quy cua polyphenol va flavonoid ¢ dang
ham bac 2 va dat dugc su tuong quan khé t6t véi
phan tich phuong sai (ANOVA) ¢6 y nghia thong ké
(p<0,05). Biéu nay cho thay mé hinh nay pha hop
va ¢6 thé du doan chinh xac ham muc tiéu nghién
ctu. Phuong trinh  ham luong plyphenol
(R?=0,9949) va flavonoid (R?=0,9996) ciing cho
thiy cac thong sé co thé giai thich duoc sy thay doi
ciia ham muc tiéu polyphenol, flavonoid véi hé sb
tuong quan kha cao. Xét vé hé sb tuong quan R?,
Guan and Yao (2008) cho rang mot mé hinh hoi quy
da blen theo phuong phap dap ang bé& mat dwoc xem
la tét khi hé so R2 t6i thiéu la 0,8. Hon nita, gia tri
cta hé s6 bién thién cua polyphenol (CV=3,14%) va
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flavonoid (CV=1,15%) cho mo hinh d& xuat déu nho
hon 10%, cho thdy d6 chinh xac va do tin cay cua
qua trinh chay thu nghiém (Eslami et al., 2016). Cac
hé sb trong phuong trinh hdi quy polyphenol déu co
su khac biét c6 y nghia thong ké (p<0,05) ngoai true
cac hé s6 A, AC, BC (p>0,05). Tuong tu, cac hé sb
trong phwong trinh hdi quy flavonoid déu c6 su khac
biét c6 ¥ nghia théng ké (p<0,05) ngoai trir cac hé
s6 A, BC (p>0,05).

Céc biéu db bé mat dap ung 3D duoc tao ra bang
cach ¢ dinh mot yéu té & mic 0, ddng thoi thay doi
hai yéu t6 khac trong pham vi tham do. Cac biéu do
3D mo ta Sy twong tac cac yéu té dén ham luong
polyphenol va flavonoid dugc trinh bay trong
Hinh 2.
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Hinh 2. Bé mit dap ing ham lwgng polyphenol va flavonoid ciia LXD

Ghi chit: A, A’-M6 hinh twong tdc giita nhiét dé va nong do ethanol dnh hwong dén polyphenol va flavonoid; B, B’-M¢
hinh twong tac giga nhiét do va ty |é nguyén liéu/dung moi anh hwong dén polyphenol va flavonoid; C, C*-M6 hinh
twong tdc giira nong do ethanol va ty |é nguyén liéu/dung méi anh hudng dén polyphenol va flavonoid.

Dua trén két qua phan tich phuong an tt nhat
dugc du doan dé ly trich polyphenol, flavonoid tir
LXP duogc trinh bay trong Hinh 3. Nhu vay, ham
lugng polyphenol, flavonoid tir LXD duogc ly trich
t6i wu ¢ didu kién nhiét do 1a 59,69°C, ndng do
ethanol 1a 68,91% va ty 1€ nguyén liéu/dung moi 1a
1/35,97 (w/v), khi d6 ham lugng polyphenol,
flavonoid thu duogc dat cao nhat lan luot 1a 118,04
mg GAE/g cao chiét va 299,74 mg QE/g cao chiét.

Trong nghién ctru nay, polyphenol va flavonoid
duoc tién hanh ly trich & diéu kién nhiét do 60°C,
nong do6 ethanol 1a 69% va ty 1é nguyén liéu/dung
moéi 1a 1/36 (wiv). Két qua cho thay, ham luong
polyphenol, flavonoid thu dwoc khi lam kiém ching
lan luot dat 120,30+1,15 mg GAE/g cao chiét va
302,39+1,78 mg QE/g cao chiét, khac biét khong
dang ké (p>0,05) so v&i ham lwong polyphenol,
flavonoid ma mé hinh t6i wu dé ra. Do d6, mé hinh
t6i rru thiét ké trong thi nghiém nay duoc chap nhan.

50 70 60

ANhiét d6 = 59.6927

B:N&ng dé ethanol = 68.9072

80 30 40

C:Ty 1é nguyén lieu/ dung moi = 35.9716

- — T

45.03 118.85

T

Polyphenol = 118.038

88.68 299.74

Flavonoid = 299.74

Desirability = 0.994

Hinh 3. Ham ky vong va diéu ki¢n t6i wu ham lwgng polyphenol va flavonoid
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3.3. Hoat tinh khing oxy héa va khang PTD
in vitro cia cao toi wu LXP
3.3.1. Hi¢u qua khang oxy héa in vitro cua cao
toi vu LXD

Cao t6i wu LXP duoc danh gia hoat tinh khang
oxy hoa bing cach so sanh vai chat chuan trolox
thong qua viéc sir dung ndng do (ug/mL) ma tai d6
chat chuan hay cao chiét trung hoa hodc khir dwoc
50% lwong gbc tu do (ECso-half maximal effective
concentration). Theo nghién ctru cta Blois (2000),
mau thir c6 gia tri ECsp thap hon 50 pg/mL la chat
khang oxy héa rat manh; 50-100 pg/mL la chét
khang oxy héa manh va 101-150 pg/mL 1a chét
khang oxy hoa trung binh trong khi chat khang oxy

Tap 58, S6 chuyén dé: Khoa hoc ty nhién (2022)(2): 48-58

hoéa yéu co gia tri ECsg>150 pg/mL. Két qua nghién
ctru cho thay, cao t6i wu LXD co6 hoat tinh khang
oxy hoa rat manh déi véi cac goc tu do & cac phuong
phap DPPH (ECs;=26,73+1,16 pg/mL), ABTS™
(EC5=7,79+0,01 pg/mL), RP (ECs=9,03+0,12
pg/mL) va FRAP (ECs50=9,20+0,30 pg/mL). Trong
khi d0, cao t6i vu LXP dugc danh gia la ¢6 kha ning
trung hoa va khir manh géc ty do NO°
(EC50=55,43+0,78 png/mL), TAC (EC5=59,49+2,61
pg/mL). Tuy nhién, cao téi wu LXD c6 kha ning
khang oxy hoa & cac phuong phap DPPH, ABTS™,
RP, FRAP va TAC yéu hon tinh chat trolox lan luot
14 41,77, 3,40, 2,36, 3,76 va 1,20 1an. Pdi véi goc tu
do NO, cao téi wu LXD duoc xac dinh manh hon
tinh chét trolox 1,40 lan.

120

92,85

100

90,93

80

60

40

Gia tri EC5, (ng/mL)

20

Cao toi uru 14 xa den

85,69

B Cao 14 xa den

38,39

FRAP

D Trolox

Hinh 4. Nong d¢ trung hoa hoic khir 50% lweng géc tuw do

Bén canh viéc so sanh vai tinh chat trolox, hoat
tinh khang oxy hoa cua cao t6i wu LXP ciing duoc
so sanh v6i cao LXD (cao chua tdi wu). Cao LXD
dugc ly trich bang cach ngam bot duoc ligu trong
dung moi ethanol 99,5% (v/V), & 30°C, 24 gio vai ty
1é nguyén liéu/dung moéi 1/10 (w/v). Qua so sanh c6
thé thay, cao téi wu LXD c6 hoat tinh khang oxy héa
& tat ca cac phuong phap déu manh hon cao LXD.
Cu thé, & cac phuong phap DPPH, ABTS™, NO",
RP, FRAP va TAC, cao t6i vu LXD manh hon cao
LXD lan lugt 3,40, 11, 1,68, 4,25, 8,90 va 1,95 lan.

Trong nghién ctru cia Pham et al. (2020), 1a cay
Xa den dugc t6i vu hoa quy trinh ly trich flavonoid
bang phuong phap siéu &m véi cong suat 130 W,
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nhiét d6 chiét 40°C, thoi gian chiét 29 phut va nong
d6 ethanol 65%. Két qua cho thay, cao téi wu LXD
trong nghién ctru ctia Pham et al. (2020) c6 kha nang
trung hoa gbc tu do DPPH va ABTS™ Véi gia tri
ECso lan luot 1a 164,85 va 89,05 pg/mL. Trong
nghién ctru ndy, cao téi uu LXD co hiéu qua trung
hoa géc ty do DPPH (ECs0=26,73+1,16 pg/mL) va
ABTS™ (ECs0=7,79+0,01 pg/mL) manh hon cao tdi
wu LXD trong nghién ciru ciia Pham et al. (2020) lan
luot 14 6,17 va 11,43 1an. Trong nghién ciiu cua
Pham et al. (2020), kha ning trung hoa gbc tu do
DPPH va ABTS"" thap hon trong nghién ctru nay co
thé 1a do anh huéng caa ham luong flavonoid. Trong
nghién ctru nay, cao t6i wu LXD c6 ham luong
flavonoid 14 302,39+1,78 mg QE/g cao chiét cao gip
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12,81 1an so véi nghién ctru ciia Pham et al. (2020). cua cac enzyme (gid tri ECso) 6 thé danh gia duoc
Trong nghién ctru ndy ¢6 su twong dong véi nghién kha nang rc ché enzyme cua cao toi wu LXD. Gia
ctru cua Pham et al. (2020) vé kha ning trung hoa tri ECso cang nho thi ching minh kha nang tc ché
goc ty do DPPH cua cao t6i wu LXD kém hon gbc enzyme cua cao chiét cang cao va nguoc lai. Bén
tu do ABTS™". Bén canh d6, nghién ctru nay ciing da canh viéc so sanh véi tinh chit acarbose, hoat tinh
danh gia da dang kha nang khang oxy hoa cua cao {rc ché enzyme a-amylase va a-glucosidase cua cao
t6i wu LXD trén nhidu gbc tu do khac nhau. t6i vu LXD con duge so sanh vdi cao LXD (cao
3.3.2. Hiéu qua khang ddi théo diong in vitro chiét ¢ diéu kién binh thuong chwa dugc t0i uu)- Két
cia cao téi wu LXD qua trinh bay trong Bang 3 cho thay, kha néng trc

ché enzyme a-amylase va a-glucosidase ting dan

Enzyme o-amylase va o-glucosidase duoc su theo thir ty tir cao LXP < cao t6i wu LXD <
dung trong nghién ctru nay ¢6 moi lién quan chat ché acarbose. Cu thé, cao t6i uu LXD c6 kha ning wc
V€ mit cau trac va co hoc véi enzyme ctia con nguoi, ché enzyme a-amylase (ECso=156,03+0,43 pg/mL)

vi déy 1a nhimg enzyme duoc ly trich tir dong vat. va a-glucosidase (ECs=26,33+0,76 pg/mL) manh
Cu thé, enzyme a-amylase dugc ly trich tir tuy va hon cao LXD (ECso, w-amylase=455,08+4,46 ng/mL;
enzyme a-glucosidase; dugc ly trich tir rugt non rat ECso, a-glucosidase=76,56+0,87 pg/mL) 1an Iwot 14 2,92
thich hop cho vigc bo tri thi nghi¢m khao sit hoat 42,91 1an. Tinh chét acarbose dugc xac dinh 1a c6
tinh khang DTD in vitro. Mot tac nhén c6 kha nang hoat tinh wc ché enzyme a-amylase
uc che enzyme a-amylase va a-glucosidase ¢4 the (EC50=20,02+0,55 pg/mL) va a-glucosidase
duoc su dung nhu mot nhom thude ho tro dicu tri (ECs0=4,66+0,08 pg/mL) manh hon cao t6i uvu LXD
bénh DTD bang cach ngan chan sy thuy phén nhanh 1a luot 14 7,79 va 5,65 lan. Nhu vay, nghién cttu cho
cac dang carbohydrate thanh duong don gitp kéo thiy, cao téi vu LXD giau polyphenol va flavonoid

dai thoi gian hap thu va do do6 kiém soat glucose ¢6 kha nang trc enzyme a-amylase va a-glucosidase
huyet (Zhenhua et al., 2014). Do do, nghién ctru da manh hon cao LXP. Tir 6, ham luong polyphenol
tién hanh khao sat kha nang c che hoat dong cua va flavonoid dugc chirng minh déng vai trd quan
enzyme a-amylase va a-glucosidase. trong trong viéc diéu hoa hoat dong cia enzyme o-

amylase va a-glucosidase. Nghién ctru ctia Williams
(2013) va Kang et al. (2014) cho thay céc cao chiét
thuc vat c6 hoat tinh trc ché enzyme o-amylase va
a-glucosidase phu thugc vao ham lugng polyphenol

Trong nghién ctru nay, tinh chét acarbose dugc
sir dung lam chit di chimg duong dé so sanh tac
dung cua Gc ché enzyme o-amylase va a-
glucosidase cua cao téi vu LXD. Dya vao nong do

ma tai d6 cao chiét uc ché dugc 50% sy hoat dong va flavonoid.
Bing 3. Nong d9 wc ché 50% sw hoat dgng ciia enzyme a-amylase va a-glucosidase

. Gia trji ECso (ng/mL)
Phuong phap Cao LXP tdi uu Cao LXP Acarbose
Enzyme a-amylase 156,03°+0,43 455,08%+4,46 20,02°+0,55
Enzyme a-glucosidase 26,33°+0,76 76,56+£0,87 4,66°+0,08

Ghi chu: Cdc gida tri co méq ti theo sau trong cing mér hdng giong nhau khdc biét khéng cé y nghia ¢ mitc 5%. Cao
LXP la cao dwoc ly trich bang phwong phap ngam trong dung moi ethanol 99,5% (v/v), nhiét d¢ 30°C, thoi gian ly trich
24 gio va ty |¢é nguyén liéu/dung méi la 1/10 (w/v).

4. KET LUAN va flavonoid (302,39+1,78 mg QE/g cao chlet)
Dong thoi, nghién ctru ciing cho thdy, cao téi uu
Ham luong polyphenol va flavonoid ly trich LXD giau polyphenol va flavonoid c6 kha ning
dugc tr LXD chiu anh huong dang ke béi nong do trung hoa tot goc ty do DPPH (ECs0=26,73+1,16
ethanol, ty 1¢ nguyén li¢u/dung méi, nhiét do va thoi pug/mL), NO* (ECs=55,43+0,78 pg/mL), ABTS™*
gian ly trich. Nghién ctru da tién hanh t0i uvu héa quy (ECs5=7,79+0,01 pg/mL), khir hiéu qua cac phuc
trinh ly trich polyphenol va flavonoid bang phuong chit & phuong phép RP (ECs0=9,03+0,12 pg/mL) va
phap dap ng bé mét theo md hinh Box-Behnken FRAP (EC5=9,20+0,30 pg/mL) va TAC
trong phan mém Design Expert 11.0. Bot duoc liéu  (EC5=59,49+2,61 pug/mL). Céc enzyme a-amylase
LXD dugc ngdm trong ethanol 69% (v/v) voi ty 1€ (ECs50=156,03+0,43 pg/mL) va o-glucosidase
nguyén liéu/dung mdi 1a 1/36 (w/v), nhiét do chiet (EC5=26,33+0,76 pg/mL) ciing bi wc ché bai cao
xuat 1a 60°C trong 6 gio thi thu duoc cao chiet LXD tbi wu LXD.
gidu polyphenol (120,30+1,15 mg GAE/g cao chiét)
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