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A ABSTRACT

Thong tin chung:

Ngay nhdn bai: 02/08/2018 Quantum-chemical calculations based on density functional theory (DFT)

Ngay nhdn bai sua: 03/10/2018 at the B3LYP/6-311++G(d,p) level are employed to study the radical

Ngay duyét dang: 27/02/2019 scavenging activity of baicalein, a polyphenol characterized as flavonoid.
All calculations are performed in gas-phase and in some other solvents

Title: with different degree of polarity. Current results contribute to elucidating

Antioxidant mechanism of the antioxidant mechanism of polyphenols and also may provide us with

polyphenols basic theories for related studies in futures.

Tir khéa: TOM TAT

Antioxidant mechanism, Ly thuyét phiém ham mdt do (DFT) véi phiém ham B3LYP va bé co s6 6-

B3LYP, baicalein, DFT, 311++G(d,p) duoc sir dung dé danh gid hoat tinh khding oxy héa cia

polyph baicalein, mét polyphenol thuéc nhom flavonoid. Nhitng tinh todn duoc
thuwe hién trong pha khi va trong mét so dung moi co tinh phan cuc khac

Keywords: nhau nhir benzene, ethanol va nuée. Cdc két qua thu diege gop phan lam

Antioxidant mechanism, sdng té co ché khdng oxy héa cua cdc polyphenol dong thoi cung cap Iy

B3LYP, baicalein, DFT, thuyét co s cho cdc nghién ciru ¢é lién quan trong tirong lai.

polyphenol

Trich din: Pham Vi Nhét, 2019. Co ché khang oxy héa clia cc polyphenols. Tap chi Khoa hoc Truong Dai
hoc Can Tho. 55(1A): 54-58.

1 GIOI THIEU Thong thuong, co thé chiing ta ¢6 kha ning 'diéu

, hoa qué trinh oxy hoéa va duy tri ham lugng goc tu

Xa hoi ngay cang phat trién, bén canh nhiing do & mirc d6 cho phép nén co thé van khoe manh.
thanh tyu dat dugc, chung ta phai d6i mat voi nhiéu Nhung sy gia ting dot ngdt cac tac dong tir bén
mdi de doa khac. Cung vdi thién tai, chién tranh va ngoai s& pha v su 6n dinh qué trinh oxy hoa va kha
0 nhiém moi trudong, bénh tat tré thanh moi quan tm nang tu “thu don” cac géc tu do cua co thé, va do d6
hang dau. Trong nhiéu nguyén nhan gay ra bénh tat s& dan t6i cac tinh trang bénh ly. Bén canh kha ning
thi sy hién dién qua murc va mat can doi cua cac goc tu chdng oxy hoa cua co thé, tir 1au, con nguoi da
tir do (free radical) co the gdy ra nhiéu bénh 1y nguy biét va str dung bd sung cac vitamin A, C, E va dic
hiém. Goc tu do rat khong 6n dinh, hoat dong manh biét 13 céc polyphenol ty nhién nhu nhiing chat
va ludn c¢6 xu hudng chiém doat dién tir cua cac ciu chéng oxy héa hiru hiéu. Sy tuong tc giira céc gbe
trac 1an can, tao ra hang loat gbc ty do méi, qué trinh tw do va chat khang oxy hoa 1a yéu t0 quan trong
dién ra theo mot phan tmg day chuyen Su tén cong trong viéc duy tri strc khoe. Su ting cac goc tu do
clia cc gbe ty do gy ra rat nhiéu bénh khic nhau, dan dén sy mat can bang oxy hoa trong co thé, néu
thi du nhu thoai hoa thar3 kinh, dau nira du, dot quy, qué trinh tao ra gbc ty do vuot qua tac dung bao vé
thoai hoa vong mat, diém vang, duc thuy tinh the, clia cac chat khang oxy hoa s& dan dén cac bénh lién

130 hoa da, anh hudng t@i hé mjén dich, xo hoa co quan dén 130 hoa (Khalid, 2007).

tim, mach mau, cao huyét ap, roi loan chirc nang té s . o

bao ndi md (Abheri et al., 2010; Halliwell, 2011). Kha nang khang oxy hda cua cac polyphenol do
d6 thu hit sy quan tam déc biét cia cac nha khoa
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hoc vé thuc phém cling nhu duogc ph'?im. Hién nay,
hoat tinh khang oxy hoa thuong duoc danh gia dya
vao kha niang lam mat mau gdc ty do bén nhu 2,2-
diphenyl-1-picrylhydrazyl (DPPH). Phan {mng véi
DPPH rit nhay cam véi diéu kién thi nghiém, thi du
nhu ndng d6 ciia DPPH ciing nhu cta chit khang
oxy hoa, ban chét ciia dung moéi, nhiét do, thoi gian
va pH dung dich. Sy thiéu dong nhit trong viéc
chuan bi miu, diéu kién phan ung, qui trinh phan
tich 1am cho viéc so sanh, danh gia két qua thu dugc
tr nhimg phong thi nghiém hodc nhimng lan thi
nghiém khéc nhau gip rat nhleu kho khan (Chen et
al., 2015). Trong khi do, vé nguyén tic, hoat tinh
khang oxy hoa ctia mot hop chét c6 thé duge danh
gia mot cach dinh luong dwa vao cac mé hinh tinh
toan hoa hoc lugng tr. Hon nira, thong qua cac mo
hinh tinh toan, chiing ta s& ¢ cai nhin sau hon vé
céc co ché, ban chét ctia mdi co ché va cac dai lwong
nhiét dong dic trung cho mdi co ché.

2 CAC CO CHE KHANG OXY HOA

Theo Leopoldini et a/ (2011), qué trinh khang
oxy hoa ciia cac hop chat phenolic ¢ thé dién ra
theo co ché (i) HAT (hydrogen atom transfer); (ii)
SET-PT (single electron transfer followed by proton
transfer) hodc (iii) SPLET (sequential proton loss
electron transfer). Cac qua trinh trén dugc tom tat
nhu sau:

a) HAT: R* + ArOH — RH + ArO*

b) SET-PT: R* + ArOH — R + ArOH** —
RH + ArO*

_Hyt

H R*
¢) SPLET: ArOH —— ArO° —— ArO* +
H+
R~ —— RH + ArO*

Trong co ché chuyén nguyén tir HAT, chat
khang oxy hoa (ArOH) phan tng tryc tiép véi gbc
tu do (R*) tao phén tir bén RH théng qua qua trinh
phan ly lién két O—H. Hoat tinh ciia ArOH do dé
duoc quyét dinh béi nang lwong phan ly lién két O—
H. Co ché chuyén electron — chuyén proton (SET-
PT) gbém hai giai doan: tach electron cho ArOH**,
theo sau 1a qué trinh trao ddi proton. Trong trudng
hop nay, hop chit co ning lugng ion héa va ning
lugng tach proton cang nho, hoat tinh khang oxy hoa
cang manh. Déi voi co ché mét proton — chuyen
electron (SPLET), 4i luc proton va enthalpy trao d6i
electron cua anion ArO~ déng vai trd quyét dinh.
Nhu vay, hoat tinh khang oxy hoa ctia mot hop chat
¢6 thé dugce danh gia thong qua cac tham sé nhiét
ddng nhu nang lwong phan ly lién két (BDE), ning
luong ion hoéa (IP), nang lugng tach proton (PDE),
4i luc proton (PA) va enthalpy trao ddi electron
(ETE). Cac tham sb nhiét dong trén dugc xac dinh
nhu sau:
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BDE = E(Ar0*) + E(H) — E(ArOH)
PA = E(Ar0™) + E(H*) — E(ArOH)
IP = E(ArOH*) — E(ArOH)

PDE = E(Ar0*) + E(H*) — E(ArOH)
ETE = E(Ar0*) + E(e) — E(Ar0™)

Trong d6, E(X) 14 nang lugng t6i wu ciia cdu tir
X; E(H) = —0,49765 hartree 14 nang lugng cua
nguyén tir H (khi) ¢ trang thai co ban. Déi voi cac
phép tinh trong dung mdi nudc, cac gia tri sau day
duoc s dung Epnya:(H) = —0,00152 hartree (Parker,
1992), va Epya(H") = —0,438012 hartree (Mejias et
al., 2000). Cac gié tri nang luong E(X) da bao gdm
nang luong diém khong ZPE (zero-point energy) va
su hiéu chinh nhiét 1én enthalpy (thermal correction
to enthalpy).

Tat ca cac tinh toan mo phong duoc thuc hién
bang cach sir dung goi chwong trinh Gaussian 09.
CAu tric va niang lugng cua cac cau tir trung hoa
cling nhu cac gbe tu do, cac cation va anion twong
tmg duoc t6i uvu héa ¢ muc 1y thuyét B3LYP/6-
311++G(d,p). Tan sé dao dong diéu hoa (harmonic
vibrational frequencies) ciing dwoc tinh nham xac
dinh dang hinh hoc tbi uru twong tmg véi cuc tiéu dia
phuong (local minima) va dé hiéu chinh céc gia tri
nhiét dong. Dé thu dugc két qua tinh toan gan voi
thue té hon, su anh hudng cia dung mdi ciing dugc
khao sat dya vao mé hinh phan cyec lién tuc phuong
trinh tich phan (Integral Equation Formalism
Polarizable Continuum Model — IEFPCM).

3 BAICALEIN - MQT Vi DU DPIEN HINH

Baicalein (Hinh 1) 1a mot flavonoid hién dién
nhiéu trong ciy Hoang Cam (Scutellaria baicalensis
Georgi), thuong dugc st dung trong diéu tri viém
gan man tinh, viém phé quan va viém da di tmg (Chi
et al.,2003). Day 1a mot chit khang oxy héa ty nhién
dién hinh va dwoc xép vao nhom dudng chit thiét
yéu cho cac hé thdng sinh 1y va qué trinh phuc hdi
stc khoe. Hoat tinh sinh hoéa va sinh 1y ctia n6 da
duoc cong nhan rong rai va la ddi tuong cua nhiéu
nghién ctru gan day (Massaro et al., 2016). Tuy
nhién, do chira nhidu nhém OH, viéc nghién ctru co
ché khang oxy hoa cua baicalein 14 rat phirc tap néu
chi st dung cac phuong phap thuc nghiém.

Hinh 1: CAu tric héa hoc va cach danh sb trong
phan tik baicalein
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Bang 1: Ning lwong phéan ly lién két BDE
(kcal/mol) caa baicalein tinh tai mirc ly
thuyet B3LYP/6-311++G(d,p)

s Dung méi

Vitri OH Pha khi Benzene Ethanol Nuwéc
5-OH 82,8 83,7 80,5 75,8
6-OH 69,4 70,1 68,3 66,3
7-OH 79,4 80,5 78,3 73,9

Dé tim hiéu co ché khang oxy hoa cua baicalein,
trude het ching ta tinh bién thién nang luong cla
qué trinh hinh thanh cac san pham trung gian nhu
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gbc tu do, anion hoa tri 1. Trong co ché HAT, phan
tir quercetin (ArOH) s& chuyén cho gbc tu do mot
nguyén tor H linh dong cia nhém OH, hinh thanh
gbc tw do Ar0°. Tiép theo, gbc ty do Ar0* cé thé
chuyén thém mot nguyén tor H & nhimg vi tri OH
khac dé tao thanh quinone, hay phan tmg vé6i gbe tu
do khac dé tao nén sy 6n dinh cua chinh n6. Goc tu
do cang bén, sy phan ly lién két cang dé xay ra va
hoat tinh khang oxy hoa cang manh. Bang 1 liét ké
cac gia tri BDE cua cac nhom OH 6 cac vi tri khac
nhau dwgc tinh tai mic 1y thuyét B3LYP/6-
311+G(d,p) trong pha khi va trong mét s6 dung moi
khac.

Gbc tw do R7 (79,4)

Gbc tw do R5 (82,8)

Hinh 2: CAu tric ciia baicalein va cua cac gbc tw do twong ng dworc toi wu & mirc ly thuyét B3LYP/6-
311++G(d,p). Gia tri trong dau ngodc don la nang lwgng phan ly lién ket BDE (kcal/mol)

Bang 1 cho théy vi tri tich nguyén tir H thuén loi
nhit 13 & nhém 6-OH (vong A) véi gia tri BDE
tuong g 1a 69,4 kcal/mol (pha khi). Khi hinh thanh
goc tu do & vi tri sd 6 (Hinh 2) sé& tao duoc hai lién
két H giita OH(5) va O(4), OH(7) va O(6). Cac gbc
tu do hinh thanh ¢ hai vi tri con lai (R5 va R7, Hinh
2) khong xudt hién 2 lién két H nhu trén nén kém
bén hon. D6 dai céc lién két H trong cac gbe tu do
baicalein dugc thé hién trén Hinh 2. Néu xét dén su
anh huong cua dung méi ta thdy gia tri BDE ting
dan theo thir tw khi < benzene < ethanol < nudc. Gia
tri BDE trong nudc 1a nho nhét, phu hop véi tinh
phan cyc manh ctia moi truong. Didu nay c6 thé giai
thich do lién két H hinh thanh giita phan tir nudc va
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nhém OH cta phan tur baicalein lam cho nguyén tir
H ctia nhom OH d¢ dang tach ra khoi phan tir hon.

Tiép theo, chiing ta xét co ché SET-PT (chuyén
electron — chuyén proton) gom hai giai doan. Trudc
hét, mot electron cuia chat khang oxy héa ArOH
dugc tach ra va chuyén cho gdc tu do, hinh thanh
gbc tu do cation ArOH™**; tiép theo 14 qua trinh trao
dbi proton. Trong truong hop nay, ning luong ion
hoa (IE) va ning luong tach proton (PDE) quyét
dinh kha nang khang oxy héa ctia hop chat. Vai gia
tri IE cang nho, su tach electron cang dé xay ra.
Bang 2 liét ké cac gia tri IE, PDE cuia baicalein tinh
trong pha khi va trong mot sé dung moi khac.
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Bang 2: Gia tri IE, PDE (kcal/mol) ciia baicalein tinh tai mirc 1y thuyét B3LYP/6-311++G(d,p)

Vi tri OH 1E PDE IE + PDE IE + PDE
: Pha Kkhi Benzene Ethanol Nuwoc
5-OH 230 397 180 123 73
6-OH 167 216 383 168 114 63
7-OH 227 394 178 122 72

Céc gia tri IE, PDE ciing nhu téng IE + PDE
trong Bang 2 cho thiy vi tri OH s 6 ciing la d& tach
proton nhét. Ngoai ra, tong IE + PDE trong pha khi
1a kha 16n va giam dan theo chiéu ting d phan cuc
ctia dung méi. Piéu nay ching t6 dung mdi cang

phan cyc thi phan tng khang oxy hoa cua cac hop
chét nghién ctru cang d& xay ra theo co ché SET-PT.
Dung méi nude c6 tong IE + PDE nho nhét trong
cac dung moi nghién clru, ching to trong nude kha
ning khang oxy hoa cta cac flavonoid theo co ché
SET-PT la t6t nhat.

Bang 3: Gia tri PA va ETE (kcal/mol) ctia anion ArO~ thugc baicalein tinh trong cac moi trwomng khac
nhau tai mirc ly thuyeét B3LYP/6-311++G(d,p)

Vi tri OH Ai luc proton PA Ning lwong trao doi electron ETE
j Pha khi Benzene Ethanol Nwéc  Pha khi Benzene Ethanol Nuwéc
5-OH 330 92,2 35,2 22,8 67,0 87,8 89,2 52,3
6-OH 323 85,5 29,6 17,3 60,1 81,3 83,6 46,8
7-OH 324 86,4 30,3 18,0 70,7 91,9 93,9 57,0

D6i véi co ché mat proton — chuyén electron
(SPLET), ai lyc proton (PA) va nang lugng trao d01
electron (ETE) ciia anion ArO~ déng vai trd quyét
dinh. Trong co ché nay, dau tién xay ra qué trinh
phan cit di ly nhom OH dé hinh thanh anion ArO~
va giai phéng mot proton. Trong bude tiép theo,
anion ArO~ duoc sinh ra tir budc dau tién s& chuyén
mot electron dé tao géc tu do ArO°. Cac gia tri PA
va ETE ctia hop chat nghién ciru dugc tom tit trong
Bang 3.

Bang 4: Tong gia tri PA + ETE caa baicalein
trong cac méi trudong khac nhau tinh &
mirc ly thuyét B3LYP/6-311++G(d,p)

Vi tri PA + ETE (kcal/mol)

O-H Phakhi Benzene Ethanol DMSO Nuwéc
5-OH 397 180 124 103 73
6-OH 383 167 112 93 63
7-OH 395 178 122 103 72

Bang 3 cho thdy 4i luc proton PA thip nhét van
1a nhém OH & vi tri s6 7, Gmg v&i vi tri phén ly
proton thuan lgi nhat. Ngoai ra, gia tri PA trong pha
khi cao hon trong cac moi truong khac rat nhiéu va
giam gan nhu tuyén tinh theo chiéu tang ctia hang s6
dién moéi. Dung méi nude anh hudng manh dén viéc
lam giam céc gia tri ctia PA vi sy solvate hoa ion H*
giai phong kha nhiéu niang luong. Gid tri PA 1a 323
kcal/mol so véi gia tri 29,6 va 17,3 kcal/mol trong
dung mdi ethanol va nwde. Dung moi cang phan cuc
cang 1am 6n dinh c4c phan tir mang dién nhu anion
ArO~ va cation H*. Trong khi do, gia trj ETE c6 xu
huéng ting dan khi chuyén tir pha khi vao dung moi
ethanol. Tuy nhién, trong dung moi nudc gia tri nay
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giam dang ké. Piéu nay ching to trong dung moi
phan cuc manh hon qua trinh chuyén electron cua
anion d¢ dang hon trong cac dung moéi kém phén cuc
hon.

So sanh cac gia tri nhiét dong cua hai co ché
SET-PT va SPLET ta thdy téng IE + PDE (Bang 2)
& co ché chuyén electron — chuyen proton va tong
PA + ETE (Bang 4) ¢ co ché méat proton — chuyén
electron gan nhu 1 bang nhau. Piéu nay hoan toan
hop 1y boi vi hai co ché SET-PT va SPLET Ia hai
con duong khac nhau cua mét dang co ché tong quat
1a co ché chuyen electron (SET). Két qua cua phan
g theo co ché nay 1a mot electron s€ dugc chuyen
tir chat khang oxy hoa sang gdc tu do dé khir gbe tur
do d@6. Su khac nhau giira cac gia tri nhiét dong trong
cac moi truong khac nhau dac trung cho cac phan
{ng lién quan dén nhirng phan tir mang dién tich.

4 KET LUAN

Hoat tinh khang oxy hoda cua cac polyphenol co
thé dugc danh gia mdt cach dinh luwgng dua vao cac
dai lugng nhiét dong nhu nang lugng phan ly lién
két O-H (BDE), ning lugng ion héa (IE) véi ning
luong phan ly proton (PDE), ai lyc proton (PA) va
ning lugng chuyén electron (ETE). Két qua tinh
toan trén baicalein cho thay hoat tinh khang oxy hoa
phu thudc vao méi truong phan tng: manh nhat
trong nudc va kém nhat trong pha khi. Trong pha
khi va dung méi khong phan cuc, co ché chuyén
nguyén tir (HAT) duogc uu tién. Nguogc lai, trong
dung méi phan cyc, co ché chuyén electron (SET-
PT, SPLET) dugc vu tién hon. Trong ting co ché
khang oxy hoa, vi tri O-H lién quan dén qua trinh
bt giit gbc tu do ciing dwoc xac dinh. Nhin chung,
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dbi v6i baicalein, OH s6 6 1a vi tri khang oxy héa
tiém nang nhat.

LOI CAM TA

Tac gia chan thanh cam on Trung tdm tinh toan
Pai hoc Jackson States, Hoa Ky da cho phép su
dung sirc may dé thuc hién nhitng tinh toan trong
nghién ctru nay.
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