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Tém tat. Kha ning chdng oxy héa ctia 3,4,5-trihydroxybenzoic acid (gallic acid) da dugc nghién ctru
béng cac phuong phdp phd, goém 2,2-diphenyl-1-picrylhydrazyl (DPPH®), 2,2-azinobis(3-
ethylbenzothiazoline-6-sulfonate) (ABTS**), phosphomolybdenum va cac tinh toan héa luwgng tir & mtec
ly thuyét »-B97XD/6-311++G(d,p). K&t qua cho thdy gallic acid c6 kha ning bét goc tw do DPPH* va
ABTS** manh hon trolox véi cac gia tri IC50prpu va IC50as1s 1a 2,23 + 0,02 va 12,20 + 0,03 puM. Trong
phuong phép phosphomolybdenum, gallic acid c6 kha nang khtt Mo(VI) vé Mo(V) tuong duong véi
trolox. Co ché phan tng gitta gallic acid va HOO* theo tinh toan héa lugng ti cht yéu la chuyén nguyén
t hydro.
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A combination of experimental research and computational chemistry
in investigating antioxidant potential of gallic acid
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Abstract. The antioxidant capacity of 3,4,5-trihydroxybenzoic acid (gallic acid) was investigated with
spectroscopic  methods, including 2,2-diphenyl-1-picrylhydrazyl (DPPH*®), 2,2'-azinobis(3)-
ethylbenzothiazoline-6-sulfonate) (ABTS**), and phosphomolybdenum and quantum chemical
calculations at the theoretical level of ®-B97XD/6-311++G(d,p). The results show that gallic acid had
stronger DPPH* and ABTS** free radical scavenging ability than trolox with IC50prrx and IC504s1s values
of 2.23 + 0.02 and 12.20 + 0.03 uM. In the phosphomolybdenum method, Mo(VI) to Mo(V) reducing
ability of gallic acid was equivalent to that of trolox. According to quantum research results, the reaction
mechanism between gallic acid and HOO" is primarily the hydrogen atom transfer.
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1 Pit van deé

3,4,5-Trihydroxybenzoic acid (gallic acid-
GAH) - mot hgp chét triphenol khdi lwong phan
tw thdp cd trong tw nhién — duoc cho la ¢d cac hoat
ddng chong oxy hdéa manh trong nhiéu nghién ctru
[1]. Nam 2002, Kim va cs. da nghién cttu kha néng
chéng oxi hoa quy tuwong dwong cuia cac hgp chat
phenol [2]. Két qua cho thdy gallic acid ¢6 kha nidng
chdng oxy hoa vuot trdi hon quercetin, catechin,
vitamin C, rutin, epicatechin, chlorogenic acid va
Trolox. Mot nghién ctru khac cua Schlesier [3] cho
thay gallic acid cling 1a chat chong oxi hdéa manh
khi so sanh vdi uric acid, Trolox va ascorbic acid.
Sau phuong phap duwgc st dung bao gom thw
nghiém kha ning chdng oxy hda tuong dwong
Trolox (TEAC I-II), thtt nghiém thong s& chéng
oxy héa bay gdc tw do (TRAP), thtt nghiém 2,2-
diphenyl-l-picrylhydrazyl (DPPH), thtt nghiém
N,N-dimethyl-p-phenylendiamine (DMPD), tht
nghiém hoa phat quang (PCL) va kha nang khw
Ferric ctia thit nghiém huyét twong (FRAP). Tat ca
cac phuong phap déu cho thay gallic acid la chat
chdng oxi héa manh nhat, ngoai trit DMPD.

RO rang, gallic acid 1a hop chat duoc duw
doan cé nhiéu wu diém vuot trdi vé kha nang bat
goc tw do va chdng oxy hoa. Tuy vay, cho dén nay,
viéc két hop cac nghién ctru thuc nghiém va ly
thuyét dé€ lam ro co ché phan tng cta gallic acid
van chua duoc thuc hién. Vi vay, trong nghién ctru
nay, ching toi tap trung thit nghiém kha nang
chéng oxi hda ctia né qua ba phuwong phap thuc
nghiém bao gom phuong phap 2,2-diphenyl-1-
(DPPH), phap
phosphomolybdenum (PM) va phwong phap 2,2

picrylhydrazyl phuong

azinobis(3-ethylbenzothiazoline-6-sulfonate)
(ABTS). Trolox la mot chat chong oxi hda dién
hinh; vi vay, né duoc st dung dé€ so sanh véi gallic

acid trong cung diéu kién nghién ctru.

Nghién cttu vé mat hoa ly thuyét duoc tién
hanh nham lam rd co ché phan ting gitta gallic acid
va goc tu do. Muc ly thuyét «-B97XD/6-
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311++G(d,p) duoc lwa chon d€ t6i wu hda cdu truc
phén tr va khao sét cac co ché phan tng. Day la
mot trong cac phuong phap ly thuyét cho két qua
nghién cttu kha chinh xac khi tinh cac thong s6

nhiét hoa hoc va dong hoc [4].

2 Thuc nghiém

2.1 Hoéba chat

3,4,5-Trihydroxybenzoic acid (gallic acid),
2,2-diphenyl-1-picrylhydrazyl (DPPH), ethanol,
potassium persulfate (K25:0s), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox),
ammonium molybdate tetrahydrate ((NHs)sMorOxu4H:0O),
2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium (ABTS), sodium dihydrogen phosphate
dihydrate (NaH:PO+2H:0) va
(H2SO4) déu duoc dét mua & Sigma-Aldrich.

sulfuric acid

2.2 Thuc nghiém phwong phap DPPH*

Déu tién, dung dich DPPH duoc diéu ché &
nong do 0,067 mM trong ethanol. Gallic acid dwoc
pha 6 cac nong do khac nhau tir 0,5 dén 3 uM. Mau
trang 1a hdn hop gom 1 mL dung dich DPPH va 3
mL ethanol. Mau khao st 12 hon hop gom 1 mL
dung dich DPPH va 3 mL dung dich gallic acid.
Cac mau duoc tron déu, u trong béng t&i 30 phut
va do mat d6 quang ¢ 515 nm. Hiéu suét bt goc ty
do DPPH* cuia chét chdng oxi hoa (SEprru%) duoc
tinh theo cong thitc (1) [5].

o A -A
SE %=1 100 1)
DPPH / '%

trong d6 Ac va As la mat d6 quang ctia mau trang va

mAu khao sét.

2.3  Thuc nghiém phuong phap ABTS*

Dung dich ABTS 7 mM va K25:0s 2,45 mM
duoc tron voi nhau va u trong bong t6i trong 16 gio
tao ra cation gdc tw do ABTS** (dung dich c6 mau
xanh luc dam). Ethanol duoc st dung dé€ phaloang
dung dich ABTS d€ c6 gid tri mat do quang 0,7 +
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0,05 ¢ budc song 734 nm. Tron 1 mL ethanol véi 3
mL dung dich ABTS d¢€ tao mau tréng,‘ mau khao
sat gom 1 mL gallic acid va 3 mL dung dich ABTS.
Trong thi nghiém nay, gallic acid dwoc pha loang
trong ethanol ¢ cac nong d¢ tir 5 dén 20 uM. Céac
thi nghiém dwoc 13p lai ba Tan. Hiéu suat bat cation

goc tu do ABTS** ( SE % ) duwoc tinh theo cong

ABTS"™"

thie (2).

ABTS*"

SE 96=Af%&f§.1oo )

trong d6 A\ va A la mat d§ quang ctua mau tring

va mau khdo sat trong thi nghiém véi ABTS**

24 Thuc nghiém phuong
phosphomolybdenum (PM)

phap

Tong kha nang chong oxy hoa ctia gallic acid
dwoc thuce hién theo quy trinh ctia Prieto véi mot
s6 diéu chinh [6]. Thudc thtr 1a hdn hop dung dich
sulfuric acid 0,6 M, sodium dihydrogen phosphate
28 mM va ammonium molybdate 4 mM. Lay 0,3
mL dung dich chét chong oxy hda ¢ cac nong do
khac nhau tron v6i 3 mL dung dich thudce tha, day
nap va i hdn hop 6 95 °C trong 90 phtt. Sau d9, tat
ca cadc mau duoc d€ ngudi dén nhiét d6 phong. Do
h&p thu ctia mau dugc do & bude séng 695 nm bang
mdy quang phd TCC-240A SHIMAZU UV/Vis.
Mau tréng chiza 3 mL dung dich thudc thir va 0,3
mL ethanol. Tong kha nang chdéng oxy hda cua
gallic acid dwoc biéu thi duéi dang quy tuong
dwong Trolox.

3  Nghién ctru héa ly thuyét

Phan mém Gaussian 16 dugc st dung dé
thuc hién cac tinh toan hoda luong ti. Co ché
chuyén nguyén tix hydro (HAT) [7, 8], va co ché
phan tng cong (RAF) [9, 10] la nhitng co ché phan
tng thuong st dung dé nghién ctru cac phan tng
cua hop chét polyphenol. Vi vay, chung dwoc lya
chon dé khao sat phan tng gitra gallic acid va goc
te do HOO* trong nghién cttu nay. Chi tiét vé co
ché phan ting va cach tinh hing s8 tdc d6 phan tng
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dwoc trinh bay ¢ Bang S1.

4 K&t qua va thao luan

41 Phuwong phap DPPH"

Hinh 1 la phé tir ngoai kha kién cia DPPH &
cac nong dd khac nhau cua gallic acid. Khi nong d
gallic acid tang lén, dinh hdp thu ctia pho c6 chiéu
hudng di xudng, cho thdy lwong DPPH trong dung
dich giam dan. Hiéu suat bt goc tw do DPPH* cua
gallic acid duoc tinh dua vao cong thirc (1). Cu thé,
khi nong do gallic acid 1a 0,5 uM thi hiéu sudt bat
goc cua gallic acid la 11,84% va gia tri nay tang lén
66,09% khi nong d6 cua nd la 3 pM. Diéu nay
ching to gallic acid da phan tng véi goc tu do
DPPH* (dung dich ¢ mau tim) tao thanh DPPHH,
lam dung dich thu dwoc cé mau vang nhat [11].

Dé tinh gid tri IC50prrn ctia gallic acid, ching
t6i xay dung do thi biéu dién méi quan hé giita
nong d6 ctia gallic acid va hiéu suat bat g5c DPPH*
[12]. D6 thi thu dwoc c6 dang y = 21,34 x x + 2,49 voi
gia tri hé s6 twong quan la 0,998. Ttr d6, IC50prrH
cta gallic acid dwoc tinh va c6 gia tri la 2,23 + 0,02
UM. Béng phuong phap twong tuw, IC50pren ctia
Trolox la 4,87 + 0,02 uM. Két qua nay chung to
gallic acid c6 kha nang bat gdc tu do DPPH* gdp

hai [an so véi Trolox.

0.16 -
0.14 —— Ethanol
0.12 ——GAH 05 uM
' —— GAH 0,7 uM
* 0104 ——GAH 1,0 uM
E : ——GAH 2,0 uM
£~ 0.08 4 ——GAH3,0uM
)
< 0.06
0.04 -
0.02 -
0.00 T T T T T
400 450 500 550 600 650
A (nm)

Hinh 1. Phé t& ngoai kha kién ctia DPPH* trong cac thi
nghiém véi gallic acid
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Hinh 2. M6i quan hé gitta néng d¢ gallic acid va hiéu
sudt bat gdc DPPH*

42  Phuwong phap ABTS"*

Tuwong ti phuong phap DPPH*, d6 hap thu
cua dung dich ABTS 6 cac nong d6 khac nhau cua
gallic acid duoc khao sat 6 budc song 734 nm. Khi
nong do6 gallic acid tiang 1én, dinh ctia phd ttr ngoai
kha kién cua hdn hop phan ting ciing giam xudng.
biéu nay chiing to gallic acid da trung hoa cation
goc tu do ABTS** trong dung dich, lam mau xanh
cua dung dich chuyén dan sang khong mau [13,
14].

Hiéu sudt trung hoa cation goc ti do ABTS**
cua gallic acid duoc tinh theo cong thie (2). Két
qua cho thay khi nong do6 ctia gallic acid tang tir 5
1én 20 uM, hiéu suét phan tng tang 1én ttr 11,41 dén
88,37%. Moi quan hé gitra nong d¢ gallic acid va
hiéu suat bat gdc ABTS** ctia nd ciing biéu dién
bang phuong trinh y =4,95 x x — 10,17 & Hinh 4. Hé
sO tuong quan (R? = 0,999) cho thdy moéi tuong
quan chat ché gitta hai dai lwong nay. Tt phuong
trinh trén, chting t6i tinh gia tri IC504s1s cua gallic
acid 1a 12,2 + 0,03 uM. Trong khi d¢, gia tri nay cuia
Trolox 1a 29,39 + 0,01 uM khi khao sat & cung diéu
kién. Diéu nay chiing to gallic acid ¢6 kha nang

trung hoa cation gdc tuw do ABTS** t6t hon Trolox.

44

0.16 -
0.14 —— Ethanol
012 4 —— GAH 05 uM
: —— GAH 0,7 uM
o 0.10 4 —— GAH 1,0 uM
E ' ——GAH 20 M
2 0.08 - —— GAH3,0uM
[a)
< 0.06
0.04
0.02
0'00 T T T T T
400 450 500 550 600 650

A (nm)

Hinh 3. Phé t&t ngoai kha kién cia ABTS** trong thi
nghiém véi gallic acid
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Hinh 4. M6i quan hé gitta néng do ctia gallic acid va
hiéu suAt bit gbc ABTS**

4.3 Phwong phap phosphomolybdenum

Tong kha nang chdng oxy hoa ctia gallic acid
c6 thé duoc danh gia bang phuong phap
phosphomolybdenum. Nguyén tic co ban ctia
phuong phap nay la danh gia kha nang kht
Mo(VI) thanh Mo(V) bang cac chat chéng oxy hoa.
Chat chdng oxy hoa cho dién tir cang manh thi Mo
(VI) cang dé dang nhan dién tir d€ tao thanh phtic
chat phosphomolybdate (V) mau xanh luc trong
dung dich c¢ tinh acid.

OHinh 5, d6 hap thu ctia dung dich tang lén
& bude séng 695 nm khi nong d6 cua chat chong
oxy hoa tang lén. Diéu nay cho thay lwong Mo(V)
tao ra tang lén khi noéng d6 gallic acid tang. Sodium

dihydrogen phosphate phan ttng vdi ammonium
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molybdate trong moi trueong acid tao thanh dung
dich mau vang HsPOs(MoVOs)12 [15]. Sau d6, dung
dich nay bi gallic acid khk, tao thanh
[HsPMo0sVIM04VOu0]>~ (mau xanh luc).

Hoat tinh chdng oxy hda ctia gallic acid duoc
biéu thi bang s6 mg twong dwong Trolox. Hinh 6 1a
d06 thi biéu dién mdi quan hé gitta mat d6 quang va
nong do ctia Trolox (y = 1,34 x x — 0,04). T phuong
trinh nay, chung t6i tinh dugc s6 mg Trolox quy
twong duong cho gallic acid 1a 1,02 mg/mg. biéu
nay ching to tong kha nang chong oxy hoda cua
gallic acid twong duwong Trolox. Kha nang cho dién
ti cua gallic acid va Trolox trong thi nghiém nay la

tuong duong nhau.

0.8 —— GAH 3,0 mM
—— GAH 1,0 mM
0.7 —— GAH 0,8 mM
—— GAH 0,6 mM
0.6 GAH 04 mM
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0'0 T T T 1
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Hinh 5. Phé t&t ngoai kha kién cua gallic acid trong thi
nghiém phosphomolybdenum
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Hinh 6. Db thi biéu dién mdi quan hé gitta néng do

Trolox va dd hdp thu ctané
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44  Tinh toan héa lwgng tix cho gallic acid

Phwong phap ®-B97XD/6-311++G(d,p) [4]
duoc st dung d€ tdi wu hda cau trac cua gallic acid
(Hinh 7) va tinh todn hang s6 t8c 46 phan ting giita
gallic acid vdi gdc tw do HOO* [16]. Hai co ché
duoc lua chon d€ danh gia kha nang phan ting ctua
ching la co ché phan tng la phan Gng chuyén

nguyén tit hydro va phan ¢ng cong.

Co ché phan ng chuyén nguyén tit hydro

Khi xét theo co ché chuyén nguyén tir hydro,
nang luong phan ly lién két (BDE) la mot trong cac
dai luong quan trong can khao sat [17]. Gallic acid
c6 bén lién két O-H dé bi cat dut 1a O1-H15, O2-
H16, O3-H17 va O4-H18. Cac lién két nay lan luwot
c6 gia tri BDE la 79,1, 80, 86,4 va 120,2 kcal-mol!
(Bang 1). Nhu vay, O1-H15 va O2-H16 la hai vi tri

dé cat dait lién két nhat trong bon vi tri khao sat.

Hinh 7. C4u trac t6i wu ctia gallic acid trong pha khi &
®-B97XD/6-311++G(d, p)

Bang 1. Céc gia trj tinh toan duoc khi khao sat phan
tng gitta gallic acid va HOO* theo co ché HAT

o BDE(O-H) kuat kuaT(tota)
Lién ket
(kcal-mol™?) (Ms71) (M.s71)
O1-H15 79,07 4,52 x 103
02-H16 79,98 5,66 x 104
6,11 x 104
0O3-H17 86,42 2,23 x 10!
0O4-H18 120,19 2,05 x 10-12
45
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Bé mit thé nang cta phan tng gitra gallic
acid va HOO* theo co ché HAT dwoc bidu dién &
Hinh 8. C4c phan ting bat dau véi sy hinh thanh
cta trang thai trung gian 1 (Inter 1), qua trang thai
chuyén tiép (TS), hinh thanh trang thai trung gian
2 (Inter 2) va tao ra san pham. Nhin chung, vi tri
O1-H15 va O2-H16 c6 cac gia tri ndng luong Inter
1, TS va Inter 2 thdp nhét trong bon lién két O-H
khao sat. Pay cling la cac vi tri c6 hiéu ttng nhiét
tao thanh sau cdc phan ttng c6 cac gia tri am, ching
to cac phan tng nay la téa nhiét.

Hang s8 t6c d6 phan tng cta gallic acid &
cac vi tri O1-H15, O2-H16, O3-H17 va O4-H18 co
gia tri lan luot 1a 4,52 x 103, 5,66 x 104, 2,23 x 10! va
2,05 x 10-2M™s71( Bang 1). Nhu vay, O1-H15, O2-
H16 14 hai vi tri ¢6 kha nang phan rng nhanh nhat
trong phan ti gallic acid. Dya vao phuong trinh
(7), chting toi tinh duoc kuaton vOi gia trila 6,11 x
10¢ M7

Co ché phan ting cong

Phan twr gallic acid ¢6 cac lién két doi 6 nhan
thom; vi vay, nd c6 thé phan tng véi HOO* theo
co ché phan t¢ng cdng o cac vi tri C6, C7, C8, C9,
C10 va C11. Hinh 9 trinh bay bé mdt thé nang theo
co ché phan ting cong khi gallic acid phan tng voi
goc tw do HOO-.

Quan sat Hinh 9, ¢6 thé thdy nang luong
twong d6i cua trang thai chuyén tiép & cac vi tri C6,
C7, C8, €9, C10 va C11 c6 gia tri lan luwot 1a 20,1,
11,4, 12,8, 17,1, 12,6 va 14,5 kcal-mol-'. Nhu vay,
phan Gng 6 vi tri C7 ¢6 gia tri TS thdp nhat. Dua
vao phan mém Eyringpy [18], chting t5i tinh hang
sO toc d0 phan ting theo co ché RAF (krar) (Bang 2).
Cac phan tng ¢ C6, C7, C8, C9, C10 va C11 Ian luwot
o gia tri krar la 6,62 x 10719, 9,03 x 104, 4,82 x 1075,
2,35 x 107, 1,14 x 10* va 1,51 x 10”° M 1s™.. Nhu
vay, gallic acid phan tng véi HOO* chu yéu ¢ vi
tri C7.

46

Phan wng Inter 1 TS Inter 2 San phim

Ning lugng tuong déi (keal.mol™)
-

...... O1-HI5 + HOO:
8 A
,,,,,, 02-H16 + HOO" —
—
10 —— 03-HI7+ HOO 2
42|  —— O4-HI8+HOO

Hinh 8. Bé mit thé ndng ctia phan tng gitra gallic acid
va g6c HOO* theo co ché€ HAT

Phan img s San pham
20,1

— C6+HOO"
—— C7+HOO
—— C8+HOO
—— (9+HOO

—— C10+ HOO

Ning lugng twong déi (keal.mol™)
-

Hinh 9. Bé mit thé nang ctia phan tng gitra gallic acid
va HOO* theo co ché RAF

Bang 2. Cac két qua tinh todn duoc khi khao sat phan
tng gitta gallic acid va HOO* theo co ché RAF

Vit AG= KRAF KkRAF(total)
U (kealmol-1)  (M=1-s-1)  (M=1-s-1)
C6 30,2 6,62 x 1010
c7 21,9 9,03 x 10+
c8 23,5 482 x 10

1,08 x 10
9 26,8 2,35 x 107
C10 23 1,14 x 10
c11 243 1,51 x 105
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Dua vao cong thic (8), hang s6 tdc do tong
cong theo co ché phan tng cong (krarcotan) gitta
gallic acid va HOO* la 1,08 x 103 Ms71. So véi
hang s6 tdc d6 phan tGing tong cong theo co ché
HAT, gia tri nay nho hon rat nhiéu. Nhu vay, phan
ung gitta gallic acid va HOO* chu yéu xay ra theo
co ché chuyén nguyén ti hydro.

5 Kétluan

Céc phuong phap do quang pho va tinh toan
héa luwong tir da duoc st dung dé€ danh gia kha
nang chong oxy hoa cua gallic acid. Trong phuong
phép DPPH?*, gallic acid c6 kha ning bét goc tw do
DPPH" véi gia tri IC50peru 1a 2,23 + 0,02 pM. Trong
phuong phap ABTS*, hop chat nay trung hoa céc
cation goc tw do ABTS** véi gia tri IC504sts 1a 12,20
+ 0,03 uM. Cac gid tri IC50 cta gallic acid déu nho
hon khi so sanh véi Trolox. Bén canh d6, phuong
phép phosphomolybdenum cho thdy kha néang
khtr Mo(VI) vé Mo(V) cua gallic acid va Trolox la
twong duong nhau. Céc tinh toan hoéa ly thuyét &
®-B97XD/6-311++G(d,p) & pha khi déu chi ra rang
gallic acid phan tng véi goc tw do HOO* chu yéu
theo co ché HAT.
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