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Abstract: Edaravone (EDV, 3-methyl-1-phenyl-2-pyrazolin-5-one) is a neuroprotective drug that
has been used to treat acute stroke caused by cerebral thrombosis and embolism. Studies showed
that EDV could be used to treat diseases related to oxidizing agents; however, the activity has not
been fully studied yet. In this study, the free radical scavenging activity of EDV was investigated
by thermodynamic and kinetic calculations. The results showed that EDV exhibited good HOO*
radical scavenging activity in an aqueous medium at pH = 7.40 (Koverat(HOO) = 8.58x107 M~ s7%)
through the electron transfer mechanism of the anion state. In contrast, this activity was
insignificant in non-polar environments. EDV also exhibited excellent antiradical activity against
HO*, CH30*, CH300°, O2*, NO2, SOs*~, N3* and DPPH radicals in the aqueous solution. Thus, it
appears to suggest that EDV is a promising radical scavenger in polar environments.

Keywords: Edaravone, DFT study, antiradical activity, antioxidant, kinetics.

* Corresponding author.
E-mail address: vvquan@ute.udn.vn

https://doi.org/10.25073/2588-1140/vnunst.5373



T.T.Yenetal. / VNU Journal of Science: Natural Sciences and Technology, Vol...., No.... (20....) 1-9

Nghién cau co ché va dong hoc qué trinh bat goc tu do
cua Edaravone bang phuong phap tinh toan hoa hoc
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Nhan ngay 29 thang 10 nam 2021
Chinh sira ngay 08 thadng 4 nam 2022; Chap nhan dang ngay 11 thang 4 nim 2022

Tém tit: Edaravone (EDV, 3- -metyl-1-phenyl-2-pyrazolin-5-one) dugc st dung nhu thubc bao vé
than kinh dung diéu tri dot quy cép tinh do huyet khdi ndo va tic mach. Nghién ciru cho thdy EDV
¢6 kha ning chéng lai cac bénh lién quan dén cac tac nhan oxy hoa, tuy nhién hoat khang oxy hda
ciia EDV chua duge nghién ciru mot cach day du. Trong nghién ctru nay, kha ning bat gbc tu do
ciia EDV d3 duoc danh gid bang cac tinh toan nhiét dong hoc va dong hoc. Két qua cho thiy EDV
thé hién kha ning bat gbc tw do HOO® tét trong méi trudng nudc & pH = 7.40 (Koveran(HOO) =
8,58x10” M1s1) qua co ché chuyén electron cua trang thai anion, trong khi dé hoat tinh nay thé
hién khong dang ké & trong méi truong khong phan cuc. EDV ciing thé hién kha ning bit gbc tur
do rat tot (k = 107 — 10° M1 s71) d6i voi HO®, CH30°, CH300°, 02", NO,, SO4*, N3* va DPPH
trong moi trudng phan cuc. Cac két qua tinh toan cho thdy EDV la chat bt gbc tu do tiém ning

trong moi trudng phén cuc.

Tir khéa: Edaravone, DFT study, antiradical activity, antioxidant, Kinetics.

1. Mé diu

Edaravone (Hinh 1) 1a mdt hop chét duoc
sir dung dé diéu tri dot quy cdp tinh do huyét
khéi ndo va tac mach [1]. Nhiéu nghién ctru cho
thdy rang EDV c6 kha niang chdng lai cac bénh
lién quan dén cic tac nhin oxy héa ROS
(reactive oxygen species) nhu bao V¢ ton
thwong t& bao ndo, chéng xo vira dong mach,
bao vé ton thuong vong mac, ngin chin qué
trinh oxy hoa lipid va DNA hay ngan chan sy
phét trién gc tu do trong gan [2]. Hoat tinh
chéng oxy héa caa EDV va dan xuit di duoc
nghién ciru ca vé mat thuc nghiém va ly thuyét.
Nghién ciru cia Wang va cong su cho thiy
EDV c6 kha ning bit géc tu do DPPH
(2,2-diphenyl-1-picrylhydrazyl) va xay ra theo
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co ché chuyén nguyén tir hydro (FHT-formal
hydrogen transfer) [3]. Trong khi d6 nhiéu
nghién ctru khac cho thdy ring EDV va dan
xuit c¢6 kha ning bat gc tuy do qua co ché
chuyén dién tich (SET-single electron transfer)
cua trang thai anion [2, 4, 5]. Mdc du da co6
nhiéu nghién ctru vé kha ning bat gbc tir do cia
EDV va dan xuit [2,4,5], nhung viéc danh gia
chi tiét vé& co ché va dong hoc cua qué trinh bit
géc ty do HOO" trong pha khi va ca méi truong
m6 phong cua co thé (nudc va pentyl ethanoate)
lai chua duogc dé cap mot cach day du va chi
tiét. Bac biét qua trinh bat goc ty do cua EDV
dbi véi cac goc tu do/phan tir tiéu biéu nhu
HO*, CH3;0°, CH;00°, NO, NO-, O2*", SO4* va
Ns* va DPPH hau nhu chua dwgc nghién ciu
mot cach day du. Chinh vi vay, trong nghién
ciru nay, ching t6i thuc hién danh gia khd ning
bat goc tu do cua EDV bang phuong phép tinh
toan luong tir. K&t qua nghién ctu s& cung cap
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cac thong tin can thiét vé kha ning khang oxy
héa cua EDV trong pha khi cling nhu trong co
thé nguoi.

O
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Hinh 1. Cau trac phan tir edaravone (EDV).

2. Thuce nghiém

O nghién ciru nay, cac thong sd nhiét dong
(ning lugng phan li lién két (BDE), ning lugng
proton hoéa (PA), i luc electron (IE), nang
luong ty do Gibbs (AG°)) va ddng hoc (nang
luong hoat hoa (AG*), hang sé toc do (k)) duoc
tinh toan bang phwong phap  MO06-2X/6-
311++G(d,p) [6,7]. Phuong phap MO06-2X/6-
311++G(d,p) dugc danh gia 1a mdt trong nhiing
phuong phap tin cdy dé tinh toan cac thong s6
nhiét dong va dong hoc ciia qua trinh bat gdc tu
do, didc biét trong dung mo6i nhu nudc hodc
pentyl ethanoate [6-9]. Cac tinh toan dong hoc
dugc dwa trén mé hinh QM-ORSA (the
guantum mechanics based test for overall free
radical scavenging activity) két hop véi mod
hinh SMD dbi v6i sy anh huéng cua dung moi
[10]. M6 hinh QM-ORSA dugc sir dung rong
rii dé danh gia dong hoc cia qua trinh bt gbc
ty do (HOO®) voi sai s6 thap so voi két qua
thue nghiém (ty 1€ Keaic/kexp = 1-2,9) [8, 10, 11].

DPong hoc ciia phan tng bat gbe tu do duoc
tinh toan du trén thuyét trang thai chuyén tiép
(TST) ¢ 298.15 K, 1M theo phuong trinh 1
[8, 12-15].

_ kg o —(AG®)/RT

k =oxk—=— N 1)
Trong do
o: hing sé dbi xtng ciia phan tmg,

«: hang s6 hiéu chinh theo Eckart,
ks: hing s6 Boltzmann,

. (20....) 19 3

h: hang s Planck,
AG?: nang lugng hoat hoa ctia phan tng.
Ly thuyét Marcus dugc ding dé tinh ning
luong hoat hoa cho cac phan tng theo co ché
chuyén 1 electron (SET) theo cong thic 2 va 3.

£k AGEer)”
AGEgr = = (1+=221) 2
)= AEggr — AGgpr (3)

Trong d6 AGCser 1a nang lugng Gibbs cua
phan tng, AEset 1a sy chénh Iéch nang lugng
gilta tinh toan ddy du va trang thai dimg cua
chat tham gia va san phém phan tng. Trong
nghién clru nay, ly thuyet gan dung Collins-
Kimball dugc ap dung dé tinh hing sé toc do
Kapp cho hé phan ng 2 phan tir ciia cac phan
g ¢6 hang s6 toc do gan bang hang sd khuéch
tan (ko) theo cac phuong trinh 4 va 5.

_ _kmstkp
PP Lrertlp (4)

Trong d6: krst 1a hing sb téc do tinh theo ly
thuyét TST, Rag la khodng cach hai tdm phan
img, Na la hing s6 Avogadro, Dag 1a hé sb
khuéch tan ctia 2 chat A va B (Dag = Da + Dg),
Da va Dg dugc tinh theo coéng thirc Stokes—
Einstein (6).

kT
DA orE —

ETHad or B (6)

n la d6 nhét cia dung moi (n(H20)
8,91x10* Pa s, m(pentyl ethanoate)
8,62x10* Pa s) and a 1a ban kinh chat tan. Chi
tiét cua phuong phap duoc trinh bay trong tai
liéu [15]. Cac tinh toan dugc thyc hién voi
chuong trinh Gaussian 16 [16].

3. Két qua va khao luin
3.1. Khd nang bdt goc tw do HOO® trong pha khi

3.1.1. Nghién ctru nhiét dong hoc

Céc nghién ciru trude ddy cho thdy hoat
dong chéng oxy hoa co thé dién ra theo mot
trong ba co ché chinh thirc bao gdm: chuyén
nguyén to hydro (FHT), cho proton sau do
chuyén electron (SPLET) va chuyén electron
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sau d6 chuyén proton (SETPT) [17]. Theo quan
diém nhiét dong luc hoc, céc co ché nay dugc
ddc trung boi cac gia tri nhiét dong lan luot
theo thur tu 1a BDE, PA va IE [9, 17]. Nghién
ctru cho thay rang viéc danh gia kha ning bat
géc tu do so bo béng cac dai lugng nhiét dong
va dong hoc trong pha khi, sau dé cac phan trng
chinh s¢ dugc tinh todn dong hoc trong cac
dung moi c6 thé tiét kiém thoi gian tinh toan
nhung van thu dugc két qua chinh xéac [18-20].
Vi vy, trong budc dau cua qua trinh danh gia
hoat tinh bat gbc tw do ciia EDV, cac thong sb
nhiét dong BDE, PA va IE trong pha khi dugc
tinh toan va dugc trinh bay & Bang 1. Két qua
tinh toan cho thay, gia tri BDE va PA tinh toan
thip nhét dugc quan sat tai lién két C4—H tuwong
tmg 1a 78,5 va 391,1 kcal/mol. Két qua tinh
toan nay phu hop véi cac cong bd trude day vé
BDE(C4-H) cua EDV (BDE(C4-H) = 77,9 [3]
va 79,9 kcal/mol) [21]. Lién két C6—H c6 BDE
= 86,1 kcal/mol, trong khi d6 gia tri nay & céc
lién két C—H ctia nhan thom cao hon rat nhiéu
(BDE = 110,7-111,9 kcal/mol) so véi lién két
C4-H. Nhu viy, két qua tinh toan cho thiy
rang, hoat tinh chong oxy hoa ciia EDV trong
pha khi s& xay ra theo co ché FHT va duoc
quyét dinh bai lién két C4—H. Nguoc lai, hoat
tinh bt géc tr do cua EDV theo SETPT hoéc
SPLET s€ kho khan do gia tri IE va PA cao hon
nhiéu (IE = 181,0 kcal/mol, PA = 391,1-398,7
kcal/mol) so véi gia tri BDE(C4—H).
Béang 1. Gia tri BDE, PA va IE
cta EDV trong pha khi

Vi tri BDE PA IE
C4-H 78,5 391,1
C6-H 86,1 398,7

C8-H 111,9
C9-H 110,7 181,0
Cl10-H | 1116
Cl11-H | 1108
Cl2-H | 1112

Céc nghién ctru trude day cho thiy, co ché
cong gbc tu do vao ndi doi (RAF) co dong gop
nhit dinh vao qué trinh bat gbc tu do cta cac
hop chét hitu co [22], vi vdy, nang luong ty do
Gibbs (AG®) cho phan ung cia EDV + HOO®
theo cac co ché: FHT, SP (sequential proton -
giai doan quyét dinh cua co ché SPLET), SET
(single electron transfer - giai doan quyét dinh
cua co ché SETPT) va RAF trong pha khi duoc
nghién ciru, két qua duoc liét ké & Bang 2.

Bang 2. Gia tri AG® (kcal/mol)
ctia phan tmg EDV + HOO" theo céc co ché
FHT, SA, SET va RAF trong pha khi

Vitri | FHT | SP SET | RAF
N2 36,5
C3 -0,9
C4 -7,1 | 2385

C5 2,7
C6 0.8 246,5

Cc7 158,1 | 20,9
C8 26,2 17,1
C9 24,8 194
C10 25,6 16,4
Cl1 25,0 19,3
C12 25,5 14,7

Két qua tinh toan cho thiy ring cac phan
(g xay ra thuan loi vé mét nhiét dong (AG° < 0)
quan sit thdy & vi tri C4-H (AG® = -7,1
kcal/mol), C6-H (AG®° = 0,8 kcal/mol) theo co
ché FHT va & C3 (AG® = —0,9 kcal/mol) theo co
ché RAF. Cac phan tng & cac vi tri con lai déu
khong thuan lgi vé mat nhiét dong (AG® > 0).
Vi viy, dong hoc cua phan ung bat gbc tu do
HOO?* chi dugc tinh toan trén cac phan ung cia
cac lién két C4—H va C6-H theo co ché FHT va
& vi tri C3 theo co ché RAF.

3.1.2. Nghién ctru dong hoc

Nghién ctru dong hoc cua hoat tinh bét géc
tu do HOO' cia EDV trong pha khi dugc thyc
hién theo mdé6 hinh QM-ORSA) [8,10,14],
va két qua vé dong hoc duogc trinh bay trong
Bang 3, ciu triic cta trang thai chuyén tiép
duogc trinh bay ¢ Hinh 2.
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Tir Bang 3 cho thay, EDV c¢6 kha ning bat
gdc ty do HOO® rat thap trong pha khi voi hing
s6 toc do toan phan Koveran = 26,7 M1s7L, Trong
d6, phan tng cong vao lién két C3 dong gop
47,3% Va0 Koverall, phan ng theo co ché FHT &
C4 va C6 dong gop lan luot 14 31,5% va 21,2%.
Chi tiét & Bang 3 con cho th'fly, hé s hiéu chinh
() dong gop vai trd quyét dinh trong hing sd
tbc d6 qua trinh bat gbc tw do HOO® cia EDV
theo co ché FHT (i = 9279,2 va 767,6 cho vi tri
C4 va C6), trong khi d6 gia tri nay theo co ché
RAF la rit nho (i = 1,5). So sanh véi cac chit
oxy hoa thién nhién tiéu biéu nhu Trolox [23],
kha ning bat gdc tu do ciia EDV trong pha khi
1a thip hon nhiéu so v&i Trolox.

TS-EDV-C3-O0OH-RAF

v =—1968,13

TS-EDV-C6-H-OOH-FHT

Bang 3. Gia tri AH (kcal/mol), AG* (kcal/mol), hé sb
hiéu chinh (k), hang sb toc dd (Keck, M1s™1) va ti 1¢
dong gop (T, %) cua phan img EDV + HOO* theo
cac co ché vu tién trong pha khi

Co Vi

A # *
ché tri AH | AG* |k keek | T

C4 12,6 | 216 | 9279,2 | 84 | 315

FHT
C6 10,9 | 20,4 | 767,6 57 21,2

RAF | C3 55 16,2 | 1,5 12,6 | 47,3

koverall 26,7

*I' = Keck. 100/ Koveran

v =—2150,01
@,

1654 (@ 1257

TS-EDV-C4-H-OOH-FHT

2900

C N OMH

Hinh 2. C4u tric ti wu ctia trang thai chuyén tiép (TS) theo co ché FHT va RAF ciia phan tng EDV + HOO".

3.2. Kha nang bdt goc tw do HOO* trong moi
trieong mo phong co thé

3.2.1. Sy phan li acid - base

Céc nghién ctru trude day cho thdy rang su
phan li proton ctia cac lién két OH dong mot vai
trd quan trong trong hoat dong bit goc tu do
HOO" ctia cac hop chit phenolic trong dung
dich nuéc [6, 8]. Do do, trong nghién clru nay,
cac dang ton tai cia EDV trong nudc ¢ pH =

7,40 (m6i trudng trong co thé ngudi) can dugc
xac dinh. M6t s6 nghién ctru di xac dinh, EDV
co pKa = 7,0 va co thé ton tai 2 dang anion
(EDV-ANION, 71,5%) va trung hoa (EDV,
28,5%, hinh 3) trong moi trudng nudc ¢ pH =
7,40 [2, 24]. Vi vay, hai dang nay dugc st dung
dé tinh toan dong hoc trong méi trudong nudc cia
EDV, trong khi d6 trang thai trung hoa s€ dugc st
dung trong nghién ctru qua trinh bat gbc tu do
trong mdi truong lipid (pentyl ethanoate).
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Bang 4. Gia tri AG® (kcal/mol) ctia phan Gng
EDV-ANION + HOO?® theo céc co ché FHT, SET
va RAF trong dung méi nudc

Vi tri FHT SET RAF
N2 - -
C3 - *
C4 28,9 *
C5 - *
C6 2,9 12,9
c7 - -0,8 23,5
C8 22,8 17,3
C9 22,8 20,5
C10 43,5 17,1
Cl1 23,1 20,4
C12 20,8 17,3
*: Khong tao san pham

Dé danh gia qua trinh bat gbc tu do HOO®
cua trang thai EDV-ANION, nang luong tu do
Gibbs cua phan tmg EDV-ANION + HOOQO*®
theo cac co ché FHT, SET va RAF trong dung
moi nude duoc tinh toan, két qua duoc liét ké &
bang 4. Tl bang 4 cho thay, EDV-ANION chi
phan tmg v6i HOO® qua co ché SET (AG° =
-0,8 kcal/mol), cac phan tmg theo cic co ché
khac déu khong xay ra vi khong thuan lgi vé

mit nhiét dong (AG®> 0).

pKa=7,0
71,5% (pH = 7,40)

J T

28,5% (pH = 7,40)

Hinh 3. Can bang phan ly axit cua
EDV & pH = 7,40.

3.2.2. Nghién ctru dong hoc

Tir két qua tinh toan & pha khi cho thdy kha
ning bat gbe tu do HOO® ciia EDV theo cac co
ché FHT va RAF la rat thap, trong khi d6 trang
thai EDV-ANION chi phan tng véi HOO* theo
co ché SET. Bén canh d6, nhiéu nghién ctru cho
thdy rang, trang thai anion dong vai trd quyét

e (20...) 1-9

dinh qua trinh bit gbc tu do HOO® trong moi
truong nude ¢ pH = 7,40 [2]. Vi vay, ¢ nghién
ctru nay dong hoc cua phan ung trong pentyl
ethanoate (moi truong lipid) va trong nudc &
pH = 7,40 (mdi truong phan cuc) duoc tinh
theo cong thirc 7 va 8. Két qua tinh toan duoc
liét ké & Bang 5.
Trong moi truong lipid:

Koveratl = Zkapp(FHT(C—H)—neutraI)
+ Kapp(RAF(C3)-neutral) @)

Trong moi trudng nudc:

Koverall = kf(SET anion) (8)

Tu Bang 5 cho thay, EDV thé hién kha
ning bt gbc tu do t6t nhit & moi truong phan
cuc (AG” = 6,4 kcal/mol, ks = Koveran = 8,58x107
M- s1) va duoc quyét dinh boi co ché SET.
Két qua nay phu hop véi mot sb két qua da tinh
toan cho cac dan xuat cua EDV [2, 4]. Trong
khi d6, & dung mo6i khong phan cyc nhu pentyl
ethanoate, EDV thé hién khd ning bét goc tu do
HOO* rét yéu (koverall = 7,50X10_2 M S_l)' So
sanh v&i cac chat khang oxy hoa tiéu biéu cho
thiy, kha niang bit gbc tw do HOO® cua EDV
trong nudc nhanh hon khoang 660 1an so véi
Trolox (Koveran = 1,30x10° M~* s71) [23], va kha
tuong ddng v4i cac chat chéng oxy hoa tu
nhién ndi tiéng khac nhu 1a axit ascorbic
(Koveran = 9,97x107” M~ s71) [10], va resveratrol
(Koveran = 5,62 x10” Mt s71) [25]. Tur két qua
tinh toan c6 thé du doan rang EDV la chit c6
kha ning bat gbc tu do HOO® rat t6t trong moi
truong phan cuec.

3.3. Kha ndng bdt cdc goc tw do thong thirong
cuia EDV trong maéi truong nuéc

Két qua nghién ciru dong hoc ddi voi qua
trinh bat géc tu do HOO® cho théy, co ché SET
ciia anion EDV-ANION déng vai tro quyét
dinh qua trinh nay trong mdi trudng phéan cuc.
Vi vay, & phan nay hoat tinh bét goc tw do cua
EDV vdi cac gbc tu do théng thuong nhu HO®,
CH30° CH300' NO NOz, Oz'_, 04'_, Ns* va
DPPH trong méi truong nuée 6 pH = 7,40 qua
co ché SET ciing duoc nghién ctru. Két qua
duogc liét ké & Bang 6. Két qua tinh toan cho
thiy (Bang 6), EDV thé hién kha ning bat gbc
ty do rat tot dbi voi cac gbec HO®, CHsO",
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CH;00°, NOz, SO4*, N3* va DPPH voi hang sb
toc do ke = 107 — 10° Mt s%, trong khi d6 hop
chat nay hau nhu khong c6 kha ning phan tng
voi Oz va NO khi ¢ trang thai anion. Tuy
nhién, khi nghién ctru vé kha ning bét gbc tu do
0, cua gbc tu do EDV-06* (san pham sinh ra
trong qua trinh phan Gng cia EDV-ANION)

. (20...) 1-9 7

trong moi truong nude cho thdy, quéa trinh nay
c6 thé xay ra véi toc dd phan tng rat nhanh
Kapp = 7,80%x10° Mt s, Nhu vay, c6 thé khang
dinh ring, EDV thé hién kha ning bat gbc tu do
rat t0t d6i voi HO®, CH30*, CH300", O™, NO;,
S0Os*, N3* va DPPH trong moi truong phéan cuec.

Bang 5. Gia tri nang luong ty do Gibbs hoat hoa (AG?#, kcal/mol), , hé sb A (kcal/mol), hang s6 toc do (Kapp, K,
and Koverat M~s™1), phéan tram I (%) d6i véi phan ing HOO" + EDV trong dung moi nudc va pentyl ethanoate

, Pentyl ethanoate Nude
Coche Iy |« Kapo r|ac| a Kaoo e ket

SET 6,4 | 17,4 | 1,20x108 | 0,715 | 8,58x10’
AT C4 | 959 | 15354,2 | 3,20x10°2 | 42,7
C6 | 240 | 11026 | 1,80x102 | 24,0
RAF | C3| 199 | 15 |[250x10? | 333

Koveral 7,50x10°2 8,58x107

*: = %A /100; **: K = f.Kapp

Bang 6. Gia tri AG” (kcal / ‘mol), & (kcal/mol), hang s6 toc d6 (Kapp, ki, MLs™Y), dbi v6i phan g ciia
EDV-ANION vé6i mét sb gbe tur do tiéu biéu theo co ché SET trong dung méi nude & pH = 7,40

4. Két luan

Géctydo | AG? by kp Kapp ke*

HO* 7,6 54 8,10x10° 1,60x107 1,14x107
CH30° 1,0 6,5 7,80%x10° 7,70x10° 5,51x10°
HOO*® 6,4 17,4 7,90x10° 1,20x108 8,58x107
CH300° 7,5 16,7 7,70x10° 2,10x107 1,50x107
NO 86,5 16,3 7,90x10° 2,60x10-° | 1,86x1075!
NO; 14 29,8 7,80%x10° 7,70x10° 5,51x10°
0y 49,0 19,2 7,80x10° 7,90x10"%* | 5,65x107%
S04 53 19,6 7,60x10° 7,40x108 5,29x108
N3* 7,4 4,5 7,70x10° 2,30x107 1,64x107
DPPH 44 20,8 7,50x10° 2,60x10° 1,86x10°

*K¢ = f.kapp; F= 0,715

HOO' tuyét V‘O‘l Vé'l koverall = 8,58)(107 M

-1 Sfl

Kha ning bit gbc hydroperoxyl ciia
edaravone da duoc khao sat bang cach sir dung
cac tinh toan lwong tir. Cac két qua thu duoc
cho thiy EDV thé hién hoat dong bét gbc tu do

trong nuéc & pH = 7,40 thong qua co ché SET
clia trang thai anion. Tuy nhién, hop chit nay
hau nhur khong thé hién kha nang bat gbc HOO®
trong moi truong lipid (Koveran = 7,50x1072
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M- s71). Két qua tinh toan con cho thdy EDV
thé hién kha nang bat gdc tu do rat tét (k = 107
- 10° Mt st dbi voi HO®, CH30°, CH;00°,
02", NO, SOs, N3* va DPPH trong moi
truong phan cuc. So voi cac chat khang oxy hoa
dién hinh nhu Trolox, kha bt gbc ty do HOO®
cua EDV trong méi trudng nudc nhanh hon cua
Trolox khoang 660 lan va kha ning nay cia
EDV ciing tuong duong vdi axit ascorbic va
resveratrol. Vi vdy, EDV dugc dy doan la mot
chat khang oxy héa tot trong méi trudong phan
cuc cua co thé.

Loi cam on

Nghién cﬁ:u nay do Bc} Giao duc va Pao tao
tai tro trong dé tai ma s6 B2021-DNA-16.
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