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TOM TAT

Stress oxi héa pha hiiy cdac phan ti sinh hoc nhu protein, lipid va DNA,

dong thoi cé lién quan dén sw phat trlen ciia cdc bénh nhw ung thu,
bénh tim mach, réi loan than kinh, tiéu duong... .Thiét ké cac hop chat
khéng oxi héa méi 6 tac dung phong ngira va diéu tri strees oxi héa
voi tinh sinh khd dung 16t thu hit duoc sw quan tam ddc biét trong vai
thap ky qua. Trong nghién cieu nay, hoat tinh khang oxi hoa cua trolox,
cysteamine va phirc hop trolox-cysteamine dwoc khdo sdat bang
phicong phap Iy thuyét phiém ham mdt dé DFT, két hop phiém ham
B3LYP, bé co s6 aug-CC-pVTZ dé tdi wu héa cdu triic va tinh todn cdc
gid tri ning lrong. Pong thoi, anh hidng ciia dung méi dén hoat tinh
khang oxi héa dwoc khao sdt sir dung mé hinh IEF-PCM. Két qud khdo
sat cho thdy cd ba hop chdt déu thé hién hoat tinh khdng oxi héa trong
nueée va pentyl ethanoate. Dang luu y, phirc hop trolox-cysteamine voi
cau tric dan xudt amide bén va hoat tinh khdng oxi héa tot nhdt trong
moi truong nuwoc va pentyl ethanoate.

Tir khoa: Cysteamine, khang oxi hoa, tinh todn hoa lwong tir,
trolox, trolox-cysteamine

ABSTRACT

Oxidative stress damages biological molecules such as proteins, lipids
and DNA, and is associated with the development of diseases such as
cancer, cardiovascular disease, neurological disorders, diabetes,...
Designing new antioxidants that prevent and treat oxidative stress
with good bioavailability has attracted special attention for several
decades. This study investigated the antioxidant activity of trolox,
cysteamine and trolox-cysteamine complex using DFT density
functional theory method, combining B3LYP functional, aug-CC-
pVTZ basis set to optimize structures and calculate energy values.
Besides, solvent effects on antioxidant activity were investigated using
the IEF-PCM model. Calculated results showed that all three
compounds showed antioxidant activity in water and pentyl ethanoate.
Notably, the stable trolox-cysteamine complex with amide derivative
structure showed the highest antioxidant capacity in water and pentyl
ethanoate media.

Keywords:  Cysteamine,  antioxidant, chemical

calculation, trolox, trolox-cysteamine

quantum
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1. GIOI THIEU

Trong nhitng niam gan déy, cac hop chét khang
oxi hoa tu nhién va téng hop ngay cang dugc quan
tam nghién cuu do cac ng dung rong rai cuia chiing
trong nhiéu linh vuc khac nhau nhu céng nghé thuc
pham, cong nghé sinh hoc, my pham, y hoc,... nho
vao cac dic tinh phong ngira va diéu tri c6 hiéu qua
1én ca gbc tu do noi sinh va ngoai sinh trong co thé
song.

Goce tu do 1a nhimg nguyén tir hay nhom nguyén
tir 6 mot hodc nhiéu electron chwa ghép déi. Chung
thuong kém 6n dinh, c6 xu huéng két hop véi cac
nguyén tir hay phan tr khac dé tao thanh lién két,
hodc tao ra hang loat gbc ty do méi (Lobo et al.,
2010). Tinh trang mét cin bing glua su tao thanh
cac gbe tu do voi hé théng khang oxi hoa duge goi
1 stress oxi hoa. Néu stress oxi hoa xay ra & murc do
nhe, cac phan tir sinh hoc bi ton thuong cé thé tyu
diéu chinh hodc thay thé. Tuy nhién, stress oxi hoa
xay ra & mirc do nang c6 thé gay ra cac ton thuong
hodc gy chét té bao. Didu nay din dén nhidu bénh
man tinh nhu xo vita dong mach, tiéu duong, ung
thu, 130 hoa.

Chat khang oxi hoa 1a nhimng hop chit c6 kha
ning ngin ngira, e ché hodc 1am cham qué trinh ty
oxi héa cua phan tir khac, pha v& chudi phan tng
day chuyén bang cach loai bo cac gde tu do va lam
két thuc chudi phan mg oxi héa (Lobo et al., 2010;
Lietal., 2015). Cac chat khang oxi hoa ty nhién ton
tai trong thyc vat nhu cac vitamin, polyphenol -
duogc tim thay trong cac loai rau, cu, ngl coc, trai
cy - c6 rat nhiéu loi ich ddi véi sirc khoe con ngudi
(Pandey et al., 2009). Trong s0 @0, vitamin E 1a chét
khang oxi hoa wa dau quan trong, thudng hoat dong
theo hai co ché khac nhau: tryc tlep loai bd cac goc
tu do oxy hoat dong (ROS), cac goc tu do nito hoat
dong (RNS) va diéu chinh cac enzyme khang oxi
hoéa. Tuy nhién, hi¢u qua ung dung cua vitamin E
con han ché do ban chat ky nuéc. Trolox 1a mot dan
xudt tan tot trong nudce cua vitamin E, c6 hoat tinh
khang oxi hoa cao va cai thién hiéu qua hip thu.
Ngoai ra, Trolox dugc st dung lam chit chuin dé
xac dinh ham lugng phenol va danh gia hoat tinh
khang oxi héa ctia chat khac (Boulebd et al.,2020).

Cysteamine, mot amino thiol dugc chuyén hoa
ndi sinh trong co thé séng tir coenzyme A, dugc s
dung v6i lidu luong cho phép nhét dinh trong linh
viec my pham va dugc pham, dé diéu tri cac bénh da
liéu, u nang, viém phdi, viém thap khép, viém bang
quang, ngd doc kim loai,... (Besouw et al., 2013).
Pang luu y, cysteamine dugc déac biét quan tAm nho
vao tinh khang oxi hoa, tinh twong thich sinh hoc,
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kha nang két hop véi cac phdi tir khac tao phirc hop
¢6 hoat tinh chira bénh t6t hon phéi tr tu do va c6
kha nang diéu tri nhim muc tiéu hiéu qua. Pién
hinh, cysteamine két hop véi cac kim loai chuyén
tiép nhu Zinc(IT) va oxo-vanadium(IV) dugc chimg
minh hiéu qua trong diéu tri dai thao duong, phic
hop cysteamine- oxo-rhenium(V) dugc st dung lam
tac nhan chin doan phong xa,...Bén canh do, cac
phéi tir dua trén cysteamine véi kim loai 1am ting
hoat tinh chira bénh ctia phirc hop so véi cac ion kim
loai hoac phéi tur tu do nho tinh twong thich sinh hoc.
Diéu nay dugc giai thich do cac hoat dong trao doi
chit carbohydrate va lipid thuong lién quan dén cac
phtrc hop kim loai sinh hoa (Yasarawan et al, 2018).

Nie et al. (2007) di tong hop thanh cong phirc
hop trolox-cysteamine-nano vang va xac dinh hoat
tinh khang oxi hoa ctia phirc hop tang gip tim lan
so voi trolox theo phuong phap thu nghiém di-
phenyl-picrylhydrazyl (DPPH). Tuy nhién, viéc cai
thién tinh nang cta phtc hop chua dugc giai thich
1 rang. Bat ké chirc nang cua phirc hop 1a gi, hi¢u
qua y hoc ctia n6 khong chi phu thudc vao cac ion
kim loai ma con phu thude vao phéi tir, lién két gitita
cac phdi tir, su twong quan gitra cau trac va hoat tinh,
va tinh bén cta phirc hop. Trong thuc té, khong phai
moi phte hop y hoc déu c6 thé d& dang tong hop,
tinh ché va danh gia hoat tinh sinh hoc.

Trong bdi canh d6, phuong phap tinh toan dya
trén 1y thuyét ham mat do (DFT) 1a mot k¥ thuét tinh
toan ngay cang dugc nghién ctru rong rdi nham cung
cAp nhiéu thong tin c6 gia tri, dinh hudéng cho cac
thi nghi€m va nghién ctru 1am sang, cho phép dinh
luong su anh huong cua cdu trac 1én tinh chét cua
cac hop chat can nghién ctru (Mahmoudi et al.,
2021). DFT duogc danh gia la phuong phap hiéu qua,
tiét kiém thoi gian va chi phi dé nghién ciru hop chét
khang oxi hoéa véi d§ tin cdy cao (Shaker et al.,
2024).

Nhiam thiét ké cac chit khang oxi hoa hidu qua,
g6p phan bd sung ngudn tai liéu hitu ich cho tong
hop thuc nghiém, va lam co s& cho cac nghién ctru
tiép theo, nghién ciru nay khao sat hoat tinh khang
oxi héa cua trolox, cysteamine va phirc hgp trolox-
cysteamine. Bén canh do, anh hudng cia dung moi
dén hoat tinh khang oxi hoa cling duoc khao sat
nham de xudt moi trudng tng dung phi hop dé phat
huy téi da tinh sinh kha dung cta hop chit. Cac
phuong phap tinh toan hoéa hoc lugng tor dugce st
dung thay vi cac phuong phap thuc nghiém truyén
thong.


https://vi.wikipedia.org/wiki/Phenol
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2. PHUONG PHAP NGHIEN CUU

Tinh toan ly thuyét ham mat d6 (DFT) dugc thuc
hién bang phan mém Gaussian 09 (Frisch et al.,
2009). Phiém ham B3LYP va bd co s¢ aug-CC-
pVTZ duge st dung dé t6i wu héa hinh hoc ciing
nhu tinh toan cac gia tri nhiét dong. Anh hudng cia
dung moi dac trung cho moi truong sinh 1y gia dinh
gém nudc va pentyl ethanoate duoc khao st cing
mirc 1y thuyét bang phuong phap IEF-PCM. Tét ca
céc trang thai co ban dugc xac nhan bang phan tich
tan s6 dao dong (khong c6 tan sb 40). Cac thong s6
nhi¢t dong cua chét khang oxi héa (BDE, IP, PDE,
PA va ETE) dugc tinh todn nhu cong thiuc trong
nghién ctru cua Urbaniak et al. (2013).

(i) SET-PT
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© A
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(i) HAT
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(iii) SPL-ET

Hinh 1. So d6 céc co ché khang oxi héa

Theo Nhat (2019) chit khang oxi hoa loai bo cac
gbc ty do thong qua ba co ché chinh 1a chuyen
nguyén tr hydro (HAT), chuyén proton - chuyén
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electron (SETPT) va chuyén electron - chuyén
proton (SPLET). Céc co ché nay dwoc dic trung boi
cac gia tri nhi€t dong nhu BDE (enthalpy phan ly
lién két), IP (thé ion hoa), PDE (enthalpy phén ly
proton), PA (4i lyc proton) va ETE (enthalpy chuyén
dién tr). HAT déc trung boi gia tri BDE, SPLET dac
trung boi cac gia tri IP va PDE va SETPT déc trung
boi cac gia tri PA va ETE. Gia tri nhiét dong cang
thap thi hoat tinh khang oxi hoa cang cao.

3. KET QUA VA THAO LUAN
3.1. Hinh hoc t6i wu va ning hrong

Ti wu hoa hinh hoc dé chon ciu trac hinh hoc
t6i wu 1 co s can thiét dé thuc hién moi tinh toan
va khao sat. CAu dang hinh hoc bén duoc chon loc
trong s6 nhiéu cdu dang dé xuét tinh toan cho mdi
phan tir v6i gia tri ndng lugng cyc tiéu va khong co
tan s6 &m. Theo d0, cdu truc lién két gitra trolox va
cysteamine nhu Hinh 2. Piéu nay pht hop véi tinh
wu tién ciia phan ung acid-base 1a san phim tao
thanh dan xuat amide véi lién két peptide CO-NH.

Chu dang hinh hoc bén cua trolox, cysteamine va
phitc hop trolox-cysteamine tai muirc 1y thuyét
B3LYP/ aug-CC-pVTZ dugc trinh bay nhu Hinh 2.
Theo ket qua tinh toan, nang lugng twong dbi cua
chc cAu tric ndy co6 gia tri thap nhét so v6i cac ciu
trac dugc dé xuat tinh toan va cac tan sb dao dong
déu duong.

HO
_H2o H

N
0 ~"SH

Hinh 2. Phin {ing tao din xuit amide ciia trolox va cysteamine

3.2. Phén b va niing lrgng orbital bién

Ning lugng cua orbital phan tir bi chiém cao
nhit (HOMO) va orbital phan tir khong bi chiém
thip nhat (LUMO) 1a mot trong cac thong sd quan
trong dé danh gia hoat tinh khang oxi hoa ctia mot
hop chat. Hinh dang ciia HOMO xéc dinh vi tri tAn
cong cua gbe tu do. Trong khi d6, mirc ning lwong
HOMO lién quan dén kha ning cho electron ctia hop
chat. Cac phan tir ¢6 mirc ning luong HOMO cao
hon c6 khuynh hudng cho electron tdt hon
(Boulebd, H., 2020). Hinh dang va nang lugng cta
cac orbital bién trong pha khi cta trolox, cysteamine
va trolox-cysteamine dugc trinh bay trong Hinh 4.

Két qua tinh toan tir Hinh 4 cho thiy, HOMO cua
trolox dugc dinh vi trén toan bo phan tir dic biét 1a
vong phenol, ngoai trir nhém carboxylic. Tuong tu,
HOMO ctia cysteamine dinh vi trén toan bo phan tir
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va tap trung nhiéu & nhém -SH. Trong khi do,
HOMO cua trolox-cysteamine tap trung toan b trén
phéi tir trolox, didu nay cho thdy, vé& ban chit
cysteamine 1a phdi tir tiém nang dé lién két voi phdi
tr kim loai ma khong anh huong dén kha ning
khang oxi hoa ctia nhom phéi tir ban dau. LUMO c6
su phan b tuong ty HOMO dbi voi tat ca cac hop
chit dugc nghién ctru. Mire ning lwong HOMO cao
hon va mirc ning lugng LUMO thap hon biéu thi
hoat tinh khang oxi dugc tdng cudng. So sanh nang
lwong orbital HOMO ciia cac hop chét cho thay kha
ning cho electron cua trolox-cysteamine 1a t6t nhat,
tiép dén 1a trolox va sau cung 1a cysteamine véi mirc
chénh léch dang ké. Do d6. vé& ban chit ciu tric
trolox-cysteamine va trolox c6 kha nang khang oxi
hoa manh. Trong khi d6, cysteamine cho thdy kha
nang cho electron 1a kém nhat, dong nghia hoat tinh
khang oxi hoa thap hon.



Tap chi Khoa hoc Pai hoc Can Tho

(@)
(-845,574 Hatree)

Hinh 3. CAu tric tdi wu cia trolox (a), cysteamine (b) va trolox-cysteamine (c) trong pha khi tai mirc
ly thuyet B3LYP/ aug-CC-pVTZ

3.3. Hoat tinh ho6a hoc

Shaker et al. (2024) di chi ra mdi lién hé giita
hoat tinh khang oxi héa va hoat tinh hoa hoc cua hop
chat nhu khoang cach niang luong gitra mirc ning
lrong HOMO va LUMO (Eg), d6 mém (S), moment
ludng cuc (p), tinh than dién tr (®), .... HOMO va
LUMO cua trolox, cysteamine va trolox-cysteamine
dugc trinh bay nhu Hinh 4. Két qua cho thiy,
khoang cach Eg hep theo thir ty trolox-cysteamine
(5,029) < trolox (5,131) << cysteamine (5,803).
Diéu nay c6 thé giai thich khoang cach ning luong
hep hon c6 nghia 12 hop chit c6 nhiéu kha ning trai
qua cic phan ng chuyén dién tir, tinh chit nay rat
quan trong ddi voi hoat tinh khang oxi hoa. Bang 1
trinh bay két qua chi sé luong tir (eV) cua trolox,
cysteamine va trolox-cysteamine. Tuong tu, gia tri
moment ludng cuc cho thay hoat tinh khang oxi hoa
ctia cac hop chét theo thtr tu thdng nhit. Moment
ludng cuc 1a thudc do sy phan b dién tich trong
phan tir, ty ¢ thuan vdi hoat tinh khang oxi hoa.
Diéu nay c6 thé giai thich cac hop chit c6 moment
ludng cuc cao hon c6 xu hudng tuong tac manh hon
v6i cac gbe tu do, dan dén hoat dong khang oxi hoa
tdt hon. Gia tri ¢ mém mot 1an nita cho théy hoat
tinh khang oxi héa ctia ba hop chét theo thur tu
trolox-cysteamine > trolox >> cysteamine. Thét
viy, d0 mém dic trung cho mirc do dé dang chuyen
electron, do vay cac hop chét c¢6 gia tri d6 mém cao
hon c6 khuynh huéng thé hién hoat tinh khang oxi
hoa t6t hon, vi chiing c6 nhiéu kha ning cho electron
va hoat dong nhu chit khir hon.

(b)

(-533,457 Hatree)
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()
(-1302,576 Hatree)

3.4. Hoat tinh khang oxi héa

Két qua danh gia hoat tinh khang oxi hoa cta
trolox, cysteamine va trolox-cysteamine dua vao cac
tham sb nhiét dong duoc trinh bay trén Hinh 5. Theo
d6, ca ba hop chit déu c6 khuynh hudng bt gbe tu
do dé dang theo co ché HAT. Cu thé, gia tri BDE
ctia trolox va trolox-cysteamine thap va chénh léch
chi khoang 2 kcal/mol. Didu nay chi ra rang trolox
va trolox-cysteamine c6 hoat tinh bat gc tu do rat
t6t va hoat tinh ciia trolox-cysteamine tot hon trolox
mac du khong chénh 1éch nhiéu. Trong khi d0, ca 2
co ché SETPT va SPLET xay ra kém thuan loi hon
do murc nang luong cao. Diéu nay c6 thé khang dinh
day la cac hop chat khang oxi manh, qua trinh bét
gbc tu do xay ra theo mot budc, uu tién theo co ché
HAT.

Bang 1. Chi sb6 lwong tir (eV) cia trolox,
cysteamine va trolox-cysteamine trong
pha khi tai mirc ly thuyét B3LYP/ aug-

CC-pVTZ
Chi s0 lwon . Trolox-
tir (eV) "M Trolox Cysteamine cysteamine
HOMO -5,775 -6,349 -5,613
LUMO -0,644 -0,546 -0,584
Eg 5,131 5,803 5,029
u -3,209 -3,447 -3,098
n 2,565 2,901 2,514
S 0,389 0,344 0,397
® 2,008 2,048 1,908
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LUMO

HOMO

-5,775
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(b) (c)
o
-0,546
-6,349 -5,613

Hinh 4. HOMO-LUMO cua trolox (a), cysteamine (b) va trolox-cysteamine (c) trong pha khi tai mirc
ly thuyet B3LYP/aug-CC-pVTZ

3.5. Anh huong ciia dung méi

Bén canh viéc phan tich mbi quan hé giira ciu
trac-hoat tinh khang oxi hoa gitip thiét ké cac hop
chat méi ¢ hoat tinh khang oxi hoa duoc cai thién
hon, dung méi 1a mot yéu t6 quan trong can dugc
xem xét. That vy, dung mdi anh hudng truc tiép
hiéu qua khang oxi hoa ciia hop chit do lién quan
dén @0 phan cyuc, kha nang hoa tan, dang tn tai cta
hoat chat theo méi trudng pH, sy hinh thanh lién két
va cac tuong tac wa nudc, ky nudc, ... cia hoat chét
va dung méi. Vi vay, hiéu duoc tic dung cta dung
moi 13 rat quan trong dé phat trién cic hop chat
khéang oxi héa hiéu qua.

Anh huéng cia dung méi dén céu trac hinh hoc
ctia trolox duogc trinh bay nhu Hinh 6. Két qua cho
thdy cu dang hinh hoc bén ctia phén tir khong bi
anh huong dang ké boi dung moi. Dién hinh trong
phan tich cdu tric phan tir cta trolox, do dai lién két
hydrogen ndi phan tir c6 thay d6i nhung khong dang
ké, khong anh huong dén kha nang cét dut lién két
cua phéan tu.

Két qua khao sat anh huong ciia dung méi dén
dic tinh cta hop chat thong qua céc chi s6 lugng tir
duogc trinh bay nhu Bang 2. Theo d06, hoat tinh khang
oxi hoa cua trolox manh hon trong méi trudng nude.
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Nguoc lai hoat tinh cua cysteamine dugc vu dai hon
trong moi trudng pentyl ethanoate. Pang luu y, hoat
tinh cda trolox-cysteamine déu thé hién thuan loi
trong cd mdi trudng phan cuc va kém phéan cuc.
Phan tich anh hudéng ciia méi trudng sinh ly gid
dinh gdm nudc (dang udng, tiém vao mau) va pentyl
ethanoate (thoa, tiém dudi da) dén hoat tinh khang
oxi héa cua trolox va trolox-cysteamine dugc thé
hién nhu Hinh 7.
Két qua nghién ctru cho thy trolox-cysteamine thé
hién hoat tinh khang oxi hoa t6t hon trolox mac du
cac thong sb nhiét dong khong chénh léch nhiéu (1-
3 kcal/mol) trong ca pha khi, nudc va pentyl
ethanoate. Bén canh do, hoat tinh khang oxi hoa cua
trolox trong méi truong nudc tot hon trong moi
truong lipid, va thip nhat trong pha khi. Trong khi
d6, hoat tinh khang oxi hoa cua trolox - cysteamine
thé hién déu t6t trong ca mdi trudng nude va lipid,
twong ung voi cac gia tri nhiét dong giam. Trong
truong hop nay dung moi cé anh huong manh mé.
Diéu nay co thé giai thich trolox c6 kha ning hinh
thanh lién két hydrogen, gitip 6n dinh dang gbc ctia
chét khéng oxi héa. Bén canh d6, tic dung cua
pentyl ethanoate c6 thé dugc giai thich do tuong tac
ky nudc giita chit khang oxi héa va cac phan tir
dung moi.
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Bang 2. Anh hudng ciia dung méi dén hoat tinh héa hoc cia trolox, cysteamine va trolox-cysteamine
trong nuwéc (W) va pentyl ethanoate (P E) tai mirc ly thuyet B3LYP/aug-CC-pVTZ

Chi s6 lugng Trolox Cysteamine Trolox-cysteamine
tir (eV) Nuwdc PE Nuoc PE Nuwdc PE
HOMO -5,747 -5,739 -6,640 -6,541 -5,622 -5,607
LUMO -0,573 -0,521 -0,347 -0,380 -0,507 -0,512
Eg 5,175 5,218 6,293 6,161 5,115 5,096
u -3,160 -3130 -3,493 -3,460 -3,065 -3,060
n 2,587 2,609 3,146 3,080 2,557 2,548
S 0,386 0,383 0,317 0,324 0,390 0,392
® 1,930 1,878 1,939 1,943 1,836 1,837
500
E 400+
g 300
& 2004
g
E 100+
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Hinh 5. Thong s6 nhiét dong twong ng voi cic co ché khang oxi héa cua trolox, cysteamine va trolox-
cysteamine (tro-cya) trong pha khi tai mirc ly thuyet B3LYP/aug-CC-pVTZ
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Hinh 6. Anh hwéng ciia dung moi dén cau tric hinh hgc ciia Trolox: (a) Pha khi, (b) Nwéc va (¢) PE
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Hinh 7. Anh huéng ciia dung méi dén khang oxi hoa cua trolox va trolox-cysteamine (tro-cya) trong
cac hé dung méi tai mirc ly thuyet B3LYP/aug-CC-Pvtz
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4. KET LUAN

Nghién ctru di tinh toan va phan tich tinh chét
cép do phan tir d6i v6i trolox, cysteamine va trolox-
cysteamine, 1am rd anh hudng cua cau tric va dung
moi dén hoat tinh khang oxi hoa ciia hop chit. Bén
canh dé, phdi tir cysteamine twong tac tot véi trolox,
phirc hop trolox-cysteamine thé hién tinh sinh kha
dung t6t trong ca moi trudng nude va lipid. Ngoai

TAI LIEU THAM KHAO

Besouw, M., Masereeuw, R., Van Den Heuvel, L., &
Levtchenko, E. (2013). Cysteamine: an old drug
with new potential. Drug Discovery
Today, 18(15-16), 785-792.
https://doi.org/10.1016/j.drudis.2013.02.003

Boulebd, H. (2020). Comparative study of the radical
scavenging behavior of ascorbic acid, BHT,
BHA and

Trolox: Experimental and theoretical study. Journal
of Molecular Structure, 1201, 127210.
https://doi.org/10.1016/j.molstruc.2019.127210

Frisch, A. (2009). Gaussian 09w reference.
Wallingford, Usa, 25p, 470.

Li, B., & Pratt, D. A. (2015). Methods for
determining the efficacy of radical-trapping
antioxidants. Free Radical Biology and
Medicine, 82, 187-202.
https://doi.org/10.1016/j.freeradbiomed.2015.
01.020

Mahmoudi, S., Dehkordi, M. M., & Asgarshamsi, M.
H. (2021). Density Functional Theory Studies Of
The Antioxidants—A Review. Journal Of
Molecular Modeling, 27(9), 271.
http://dx.doi.org/10.1007/s00894-021-04891-1

Nie, Z., Liu, K. J., Zhong, C. J., Wang, L. F., Yang,
Y., Tian, Q., & Liu, Y. (2007). Enhanced Radical
Scavenging Activity By Antioxidant-
Functionalized Gold Nanoparticles: A Novel
Inspiration For Development Of New Artificial
Antioxidants. Free Radical Biology And
Medicine, 43(9), 1243-1254.
https://doi.org/10.1016/j.freeradbiomed.2007.06.
011

479

Tép 60, S6 chuyén de: Khoa hoc tw nhién (Hoa-Sinh) (2024): 473-479
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