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TOM TAT

Trong bdi bdo nay, ching téi tién hanh nghién civu 1y thuyét hoat tinh chéng oxi hoa
cdc hop chdt mangostin chiét xudt tir vé qud mang cut. Ba co ché chinh ciia chdt chong oxi
héa da dwge nghién civu: co ché chuyén nguyén tir hydro (HAT), co ché chuyén electron
chuyén proton (SETPT) va co ché mdt proton chuyén electron (SPLET). Cdc dai lwong:
nang lwong dirt lién két O-H (BDE), ning lwong ion héa (IE), di luc proton (PA) va ndng
lirong chuyén electron (ETE) la cdc théng sé ddc trung cho ba co ché trén ciing dwoc tinh
trong pha khi va nwée. Sw dnh hwong ciia dung méi nuwde dén enthanpy phdn vmg ciing
dwoc tinh todn bang phwong phdap IEF-PCM. Két qua tinh todn cho thdy co ché HAT la co
ché thudn loi cho viéc gidi thich hoat tinh chong oxy héa ciia xanthone trong pha khi, con
co ché SPLET dwoc wu tién vé mdt nhiét dong trong pha nuoc.

Tir khéa: mdang cut, Ndng lwong dirt lién két O-H (BDE), nang lwong ion héa (IE),
di liee proton (PA) va néng lwong chuyén electron (ETE)

1. PAT VAN PE

Mang cut c6 tén khoa hoc la Garcinia
mangostana [1], dugc biét nhu mot loai
“nit hoang trai cay”. Miang cut dugc trong
phé bién ¢ Viét Nam va mot sé nude bong
Nam A. Vo mang cut co6 mau tim dam hodc
mau do, nhan c6 mau tréng vi ngot nhe va
c6 mui thom. Mang cut khong nhing la
mot loai trai cdy c6 huong vi thom ngon
ma con 1a mét loai thuc pham rat c6 loi cho
suc khoe. Tu lau, vo mang cut da duogc
ding dé lam céc vi thudc dé diéu tri bénh
tiéu chay, dau bung, bénh vang da, chéng
viém, tc ché di ang, khang vi khuan, vi
sinh vat, 1am gi&n phé quan trong diéu tri
hen suyén [2]. Thanh phan chinh cua vo
mang cut da dugc xac dinh la céc
xanthones va dan xudt cua xanhthones.

Nhitng hop chit nay c6 kha ning chong oxi
hoéa cao [2-4], hoat tinh khang nam [5],
hoat tinh khang khuan [6], hoat tinh chong
xo vita dong mach [5] va hoat tinh chdng
sot rét [7]. Trong sb cac hop chat xanthones
nay, hop chit c6 hoat tinh chéng oxi héa
manh nhit 13 hop chit mangostin (a-
mangostin va y-mangostin) dugc ching
minh bang phuong phap thyc nghiém baoi
Kinghorn va cong su [2]. Ngoai ra, cling c6
mot vai cong trinh nghién ciru 1y thuyét vé
hoat tinh chéng oxi héa ctia hop chit
mangostin [26]. Tuy nhién chua c6 mot
cong trinh nao nghién ctru day du vé kha
ning dap tit géc tu do cua hop chat
mangostin dya trén ba co ché: i) Chuyén
nguyén tir hydro (HAT); ii) chuyén electron
chuyén proton (SETPT) va iii) mat proton
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chuyén electron (SPLET). Vi vidy, muc
dich cua nghién ctru nay la xac dinh hoat
tinh chéng oxi hoa cua hop chit mangostin
(Hinh 1) trong pha khi va nuéc dya va cac
dai luong nhiét dong: Nang lugng dut lién
két O-H (BDE), ning lugng ion héa (IE), ai
lyc proton (PA) va ning luong chuyén
electron (ETE).

a—Mangostin (R = CH;)
vy—Mangostin (R = H)
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8 2 _oH
6 = 3
HO o OH
5

Norathyriol

Hinh 1: Céu triic ciia cdc hop chdt nghién citu.

2. CO SO LY THUYET VA PHUONG
PHAP TiNH TOAN

C6 ba co ché pho bién dé giai thich kha
nang dap tit gdc tu do ciia cic hop chat
chéng oxi héa dugc biéu dién ¢ Hinh 2 [8-
11]:

SETPT

Ar-OH"t
HAT

Ar-OH > Ar-0°
BDE
X\ ETE

Ar-O~

SPLET

Hinh 2. So do biéu dién cac
co ché chong oxi hoa

Nang luong cat dut lién két (BDE), ai
luc proton (PA), nang luong ion hoa (IE),
ning luong chuyén electron (ETE) tir anion
va ning luong phan ly proton tir gdc cation
duoc tinh dya trén sy khac nhau gitra nhiét
hinh thanh (AH%) cta san phim tao thanh
va chat phan ung (hinh 2). Trong d6, Ar-O’
va Ar-O” 1a gbc ty do va anion cua hop
chét chéng oxi hoa ArOH. Cac dai lugng
nay dic trung cho ba co ché dap tit gbc tu
do ctia chét chdng oxi héa. Co ché thir nhat
goi 1a co ché chuyén hydro (HAT) duoc
dac trung béng dai luong BDE; co ché thir
hai 1a co ché chuyén electron chuyén
proton (SETPT) duoc dic trung bang dai
luong IE va PDE; co ché thir ba 1a co ché
mat proton chuyén electron (SPLET) dugc
biéu dién bang dai luong PA va ETE.

Enthanpy cta chét nghién ciru X, H(X),
& nhiét do T dugc biéu dién bang cong thirc
sau: H(X) = Eg + ZPE + Hirans + Hrot + Hyip +
RT. Trong d6: Hirans, Hrot, va Hyip 14n Tuot 13
cac dai lugng enthanpy tinh tién, enthanpy
quay va enthanpy dao dong; Eq 1a tong ning
lugng & 0 K va ZPE 1a nang lugng dao dong
diém khong. Gid tri enthanpy clia nguyén tir
hydro trong pha khi dwoc l4y véi gia tri chinh
xac la -0.5 hartree. Cac dai luong BDE, IE,
PDE, PA va ETE trong pha khi dugc xac
dinh nhu sau:

BDE(O-H) = H(ArO") + H(H") - H(ArOH) (1)

IE = H(ArOH"") + H(e") - H(ArOH) o)
PDE = H(ArO") + H(H") - H(ArOH"" 3)
PA = H(ArO) + H(H") - H(ArOH) (4)

ETE = H(AfOH™) + H(e) - H(ATOH)  (5)

Enthanpy hydrat hoa cua nguyén tu
hydro (H"), proton (H") va electron (¢) dugc
tham khao tir tai lidu [12-14]. Tét ca cac dai
luong trong biéu thire tir (1) dén (5) duoc tinh
§298.15 K va ap suét 1.0 atmosphe.

Viéc tdi wu héa céu trac va tinh tan sb
dao dong duoc thyc hién bang phuong
phap ban thyc nghiém PM6. Tan sé dao
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dong & mac PM6 duoc thém hé sb hiéu
chinh 1a 1.078 vao nang lugng dao dong
diém khong (ZPE). Cac gia tri enthanpy &
mirc cao dugc tinh ning luong diém don
dira trén cau tric di t6i vu tai PM6. Chiing
t6i str dung phuong phap IEF-PCM dé khao
sat sy anh hudng cua dung méi dén cac dai
luong enthanpy [15,16]. Tit ca cac tinh
toan duogc thuc hién trén phém mém
Gaussian 09 (version A.02) [17].

Trong cac nghién ctru trudc ching toi
da ching minh rang phuong phap ONIOM
2 16p [18-22] véi 16p cao duoc xir 1y bang
ROB3LYP/6-311++G(2df,2p) (tirc 1a chi
chira mot nguyén tir hydro va mot nguyén
tir oxi) dung dé du doan BDE(O-H) véi do
chinh xac cao c6 do léch khoang 1-2
kcal/mol [23, 24]. Vi vdy, chung tdi tiép tuc
sit dung phuong phép nay véi so do phan
ving nhu sau: (RO)B3LYP/6-311++G
(2df,2p) cho 16p cao va phuong phap PM6
cho 16p thap v6i muc dich tiép tuc lam séng
to vé mbi quan hé giita dic diém ciu tric
va hoat tinh cua cac hop chat mangostin
chiét xuét tir vo mang cut.

Mot vai mo hinh cho sy Ia chon mirc
cao va mirc thap trong phuong phap ONIOM
2 16p di duoc nghién ctru chi tiét trong
nghién ctru trudce day ciia chung t6i [24]. Ké
thira két qua nghién ctru nay, ching t6i chon
mo hinh ONIOM 2 16p dugc mo ta nhu Hinh
3 s& cho két qua BDE(O-H) chinh xac véi do
léch khoang 1-2 kcal/mol. Véi mo hinh
ONIOM nay, mdi phan tir dugc chia thanh 2
16p, cac nguyén tir & vi tri dut lién két duoc
tinh & muc cao, con cac nguyén tir con lai
duoc goi 1a 16p thir 2 duge tinh & mirc thip

hon. Phuong phap (RO)B3LYP/6-311++G
(2df,2p) duoc ap dung tinh cho cac nguyén tir
0 16p cao, con phuong phap PM6 duoc ap
dung tinh cho 16p thap.

Hinh 3: So @6 mé ta mé hinh ONIOM 2 Iép
3. KET QUA VA THAO LUAN

3.1. Co ché chuyén nguyén tir hydro
(HAT)

Co ché HAT duoc dic trung boi gié tri
BDE, n6 cho biét kha ning cho mot nguyén
tir hydro dé hinh thanh dang gbc tu do cua
cac hop chat phenolic. BDE c6 nghia 1a
ning luong cit dut lién két O-H, vi vay
thong s6 nay moé ta do 6n dinh cua lién két
hydroxyl. Gia tri BDE cang thép thi lién két
O-H cang dé cat dut va quan trong hon la
vai trd cia né trong phan tmg chéng oxi
hoa. Bé giam thoi gian tinh toan, ching toi
st dung phuong phap PM6 tinh toan so bo
BDE(O-H) & moi vi tri dé tim lién két yéu
nhét, két qua tinh todn duoc trinh bay & Bang
1. Sau d6, lién két yéu nay dugc tiép tuc tinh
toan & muc cao hon bang phuong phap
ONIOM (ROB3LYP/ 6311++G (2df,2p): PM6)
v61 mo hinh phan 16p dugc mo ta trong Hinh
3, két qua tinh toan trong pha khi va nudc
dugc trinh bay trong bang 1.

Bdng 1: Ning lwong cdt dirt lién két O-H sir dung phwong phdp PM6

Vi tri cat duet lien két?

Hop chat 6(ring A) 7(ring A) 8(ring A) 1 (ring B) 2 (ring B) 3 (ring B)
a-mangostin 70.0 89.2 82.3
y-mangostin 70.3 72.9 89.1 82.5
Norathyriol 85.8 71.7 76.2

2 Cach danh sb dwoc chi ra trong Hinh 1



Journal of Thu Dau Mot University, N°2 (21) — 2015

Bdng 2: Gia tri BDE(O—-H) cua cdc hop chat mangostin chiét xuat tir vé mang cut duoc tinh toan
bang phwong phdp ONIOM(ROB3LYP/6-311++G(2df,2p):PM6)

. ) BDE (O-H) kcal/mol
Hop chat Vi tri dirt lién két O-H ABDE*®
Pha khi Nwéc
a-mangostin 6 (ring A) 82.8 85.7 2.9
y-mangostin 6 (ring A) 82.3 85.9 3.6
Norathyriol 2 (ring B) 84.2 86.0 (86.6b) 1.8 (2.4)

* ABDE = ABDE e - ABDEyy  °Tham khdo tai liéu [25]

Dua trén két qua cac gia tri BDE trong
Bang 2, ta thdy kha ning cho nguyén tir
hydro trong pha khi ctia cac hop chit duoc
sap xép theo thur ty sau: y-mangostin > a-
mangostin > Norathyriol. Trong cac hgp
chat nghién ciu, gia tri BDE(O-H) thap
nhit duoc tim thiy & vong A (ngoai trir
Norathyriol). Diéu nay chi ra rang nguyén
tir H ctia nhém OH & vi tri s6 6 vong A
trong hop chat y-mangostin va o-mangostin
thi cho dé dang hon cac nguyén tir H cta
nhom OH khac, tic 1a ¢ vi tri 6-OH dé xay
ra sy chuyén nguyén tar H cho gbc tu do. Vi
vy, OH ¢ vi trf sb 6 trong vong A déng vai
trd quan trong trong co ché chong oxi hoa
HAT cuia cac hop chat mangostin.

Tir két qua tinh toan trong Bang 2 cho
thdy su anh huong ciia dung méi nudc dén
gia tri BDE 1a kh4 it. P9 léch 16n nhat giira
gid tri BDE trong nudc va pha khi 1a 5.9
kcal/mol. Trat tu cua gia tri BDE trong pha
nude duoc sap xép nhu sau: o-mangostin <
y-mangostin < Norathyriol. Diéu nay ching
to rang hoat tinh chéng oxi héa cua a-
mangostin trong nudéc manh hon y-
mangostin, két qua nay ciing phu hop véi
thyc nghiém [2]

3.2. Co ché chuyén electron - chuyén
pronton (SETPT)

3.2.1. Nang lwong ion hoa

Co ché SETPT duoc quyét dinh boi
budc dau tién cia co ché nay d6 la kha
ning chuyén electron (ning luong ion hoa -

IE). Gia tri IE cang thap thi cang d& dang
cho electron va hoat tinh chéng oxi hoa
cang cao. Trong muc nay, ching t6i dung
phuong phap PM6 dé tinh gia tri IE. Do
chinh cac ctia phuong phap nay da duogc
nghién cGu trong cong trinh trudc cua
chung t6i [24]. Gia tri IE cta cac hop chét
nghién ctru dugc tinh trong pha khi va pha
nude, két qua duoc trinh bay ¢ Bang 3.

Bang 3: Nang luong ion hoéa (vertical) cua cac

hop chdt nghién ciru diege tinh bang phwong

phap PM6
Hop chét - (kcalr/mob —— AIE® 'rﬁ;()kca"
Pha khi Nwée
a-mangostin - |191.64 136.46 |-55.18 |139.26
y-mangostin 188.41 127.55 |-60.86 |136.68
Norathyriol 201.32 132.49 |-68.83

aA|E = AlEnu@c - AlEkhi
> Gia tri IE (vertical) dwoc tinh trong pha nwéc
tham khao tai liéu [26]

Tir két qua tinh toan trong Bang 3 cho
phép chung ta két luan vé thir tu cta gia tri
IE trong pha khi nhu sau: y-mangostin < a-
mangostin < Norathyriol, trong khi do gia
tr1 IE trong pha nudc thi co trat tu khac: y-
mangostin < Norathyriol < oa-mangostin.
Véi sy tang do phan cuc cua dung moéi, gia
tri IE cuia cac hop chét nghién ciru c6 mot
su giam dang ké. Piéu nay chi ra riang céac
gdc cation kha nhay cam véi do phéan cuc
ctia dung méi va su tao thanh gbc cation co
nhiéu thuan loi hon trong pha nudc con su
hinh thanh san pham trung hoa khong wu
tién trong pha nudce. Vi vay, dung moi nudce
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thic ddy qué trinh cho electron nhung 1am
giam kha nang nhén electron cua cac hop
chat mangostin chiét xuat tr vé mang cut.

3.2.2. Nang lwong phan ly proton

Trong budc tht hai cia co ché SETPT
dugc mo ta bang sy phan ly proton trong
lién két O-H (PDE). Két qua tinh toan duoc
trinh bay ¢ bang 4. Trong hop chit a-
mangostln va y-mangostin thi PDE & vi tri
s6 6 ciia vong A co gia tri thip hon cac vi
tri khéc, gia tri tinh dugc lan luot 1a 233.33
va 227.47 kcal/mol . Tuong tu, trong hop
chat Norathyriol, gia tri PDE & vi tri s6 2
cia vong B c6 gia tri thip nhat 1a 212.43
kcal/mol. Cac gia tri PDE trong pha nudc
thi thap hon rat nhiéu so voi cac gia tri
tuong Ung dugc tinh trong pha khi boi vi
ning lugng solvat héa cua proton cao. Diéu
nay chi ra rang sy phan ly proton trong
nudc thi dugc vu tién hon trong pha khi.

3.3. Co ché mit proton chuyén
electron (SPLET)

3.3.1. 4i luc proton

Trong buéc dau tién cia co ché
SPLET, sy phan cat di ly nhém hydroxyl
ctia hop chat phenolic s& tao thanh anion
phenolat va gidi phong mot proton. Qua
trinh mat proton 1a budc quan trong ctia co
ché nay dugc dic trung bang gia tri PA.
Céc gia tri PA duoc tong hop trong Bang 4.

So sanh cac gia tri PA tinh trong pha
khi va pha nuéc, ¢ thé két luan rang dung
moi nudc da anh huong rat 16n dén gia tri
PA bdi vi nang lugng solvat héa cua proton
cao. Su khac nhau gitra cac gia tri PA trong
pha khi va pha nudc nam trong khoang tir
-302.07 dén -378.23 kcal/mol. Diéu nay co6
nghia 1a qua trinh phan ly proton trong pha
nuéc rat thuan loi. Trong pha khi, cac gia
tri PA cao hon rat nhiéu so véi cac gia tri
BDE va IE. Tuy nhién, cac gia tri PA
trong pha nudc thi lai thip hon dang ké
so v&i cac gia tri BDE va IE. Vi vay, két
qua nghién ctru cho thiy trong pha nudc
co ché SPLET dugc uu tién hon vé mit
nhiét dong hoc.

3.3.2. Nang lwong chuyén electron

Trong ca pha khi va pha nudc gia tri
ETE lu6n ludn thap hon gia tri IE. Piéu nay
c6 nghia 1a qua trinh chuyén electron tir
dang anion la dugc uu tién hon nhiéu so
v6i dang trung tinh, n6 phu hop véi két qua
cua cac nghién ctru khac [27-29]. Tu céac
gia tri AETE trong Bang 4 cho thiy rang
dung moéi nudc cd tic dung lam gia tang
cac gid tri ETE cua anion phenolat, trc 1a
trong dung méi nuéc qua trinh chuyén
electron khong dugc thuan loi. Do 1éch
trung binh cua cac gia tri ETE trong pha
khi va pha nuéce khoang 28.28 kcal/mol.

Bdng 4: Cdc gid tri PA, ETE va PDE ciia cdc hop chdt nghién ciru dieoc tinh bang phwong phdp
B3LYP/6-31+G(d,p)//PM6 trong pha khi va pha nwoc

, PA (kcal/mol) ETE (kcal/mol) b PDE (kcal/mol)

Hop chat APA? AETE APDE®
Pha khi nwéc Pha khi | Nuwéc Pha khi Nwéc

a-mangostin
6 (ring A) 325.98 23.61 -302.37 70.78 85.96 15.18 232.09 0.96 -231.13
1 (ring B) 347.55 36.91 -310.64 64.57 80.64 16.07 247.44 8.94 -238.5
3 (ring B) 330.64 26.66 -303.98 76.02 90.13 14.11 241.99 8.18 -233.81
y-mangostin :
6 (ring A) 320.79 | 17.20 | -30359 | 73.75 | 87.93 | 14.18 227.47 -41.69 | -269.16
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7 (ring A) 339.34 | 29.45 | -309.89 | 5654 | 7278 | 16.24 228.82 | 4459 | -273.41

3 (ring B) 331.34 | 2413 | -307.21 | 75.46 | 90.23 | 14.77 239.74 | -3246 | -272.20

1 (ring B) 34840 | 3466 | -313.74 | 6362 | 80.06 | 16.44 | 24496 | 3210 | -277.06

Norathyriol

2 (ring B) 327.56 | 25.49 | -302.07 | 6508 |79.88 |14.80 | 21243 |-1046 | -222.89

3 (ring B) 33115 | 2563 |-30552 | 7199 |87.08 |1509 |22293 |-3.12 -226.05

6 (ring A) 403.04 | 2569 |-377.35 |0.75 90.85 |90.10 | 22359 |0.71 -222.88

8 (ring A) 41397 | 3574 |-37823 |075 84.84 | 84.09 | 23452 |474 -229.78

*APA = PAnsc— PAi °AETE = ETEnuso— ETEim °APDE = PDEuec— PDEii
4. KET LUAN

— Trong ba co ché, co ché HAT thuan — Hoat tinh chéng oxi hoa cua cac hop

lgi vé mat nhiét dong trong pha khi con co chét mangostin chiét xuét tir vo mang cut
ché SPLET thi thuan loi trong pha nudc. c6 kha nang tng dung trong linh vuc thuc

— Su khac nhau giita enthanpy trong  Pham va dugc pham.
pha khi va pha nudc 1a dac trung cua phan
g lién quan dén dién tich.

THEORETICAL INVESTIGATION ON ANTIOXIDANT ACTIVITY OF
MANGOSTIN COMPOUNDS EXTRACTED FROM THE PERICARP OF
GARCINIA MANGOSTANA

Nguyen Minh Thong®, Dinh Tuan®, Pham Cam Nam®
(1), (3) The University of Danang, (2) Quality Assurance and Testing Center of Da Nang City
ABSTRACT

In this report, a theoretical study on antioxidant propertiers of mangostin compounds
extracted from the pericarp of G. Mangostana. Three main reaction mechanisms are
investigated: hydrogen atom transfer (HAT), sequential electron transfer proton transfer
(SETPT) and sequential proton loss electron transfer (SPLET). The O-H bond dissociation
enthalpy (BDE), ionization energy (IE), proton affinity (PA) and electron transfer energy
(ETE) parameters have been computed in gas phase and water. Water contribution to the
enthalpies was computed employing integral equation formalism IEF-PCM method. The
results of the calculations show that HAT would be the most favourable mechanism for
explaining antioxidant activity of xanthones in gas phase, whereas the SPLET mechanism
is preferred from the thermodynamics point of view in water.
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