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Anh huong ctiia nhom thé va vi tri nhom thé 1én hoat tinh chdng oxy
hoa theo co ché HAT cua tetrahydroxy-xanthone
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Tém tit

Kha ning chéng oxy hoa cua cac dan xuét tetrahydroxy-xanthone c6 trong chiét xuét cdy tai chua (Garcinia cowa) da
duoc khao sat bang phuong phap 1y thuyét phiém ham mat do (DFT). Tat ca cac tinh toan duoc thuc hién & muc 1y
thuyét M05-2X/6-31+G(d,p) trong pha khi. Nang luong phan ly lién két (BDE) dic trung cho co ché chéng oxy hoa
HAT (chuyén nguyén tir H) da duogc tinh toan. Su anh huong ciia nhom thé: —F, —Cl, -CH3, —OCH3, —~NH,, —CF3, -CN,
—NO; va vi tri nhom thé dén hoat tinh chéng oxy héa thong qua co ché HAT da duoc khao sat. Két qua cho thdy dan
xuét chira cac nhom thé diy dién tir (ddc biét 1a nhom —NHy) c6 gia tri BDE thép hon so v6i cac nhom thé hut dién tir.
Tat ca cac nhom thé gin tai vi tri R1 ¢6 anh hudng tét dén hoat tinh chdng oxy héa cua hop chit nghién ciru khi 1am
giam dang ké gia tri BDE khoang 10-17 kcal/mol.

Tir khéa: Garcinia cowa; tetrahydroxy-xanthone; chit chéng oxy hoa; DFT; HAT.
Abstract

The antioxidant potential of tetrahydroxy-xanthone in the extracts Garcinia cowa was investigated by Density
Functional Theory (DFT) study. All calculations were performed at the M05-2X/6-31+G(d,p) level of theory in the gas
phase. The bond dissociation energies (BDE) characterizing the H atom transfer (HAT) mechanism were calculated.
The influence of nature and position of a variety of substituents such as —F, —Cl, —-CHs, -OCH3, —NH,, —CF3, —CN, —
NO; on antioxidant potential were investigated. The results showed that derivatives containing electron donor groups,
i.e. the -NH group, had lower BDE values than the electron withdrawing groups. R1 substituents of all nature
enhanced the antioxidant activity of the studied compounds by significantly reducing the BDE values.
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1. Giéi thiéu

Mit can bang oxy hoa (oxidative stress -
0S) dugc dinh nghia 1a sy mat can bang giira
cac qua trinh sinh hoéa tao ra cac géc tu do va su
loai bo chiing [1]. Mat can bang oxy hoa giy ra
céc 16i loan nhu rdi loan tim mach [2], xo vira
dong mach [3], bénh Alzheimer [4] va ung thu
[5], Vi OS lién quan dén cac phan tmg giita cac
gbc tur do va cac phan tir sinh hoc nhu DNA,
lipid va protein, nén viéc nghién ctru cac hop
chat c6 kha niang quét gdc tu do trd thanh mot
linh vuc quan trong voi muc dich ngan chan
qua trinh OS va pha huy céac phan tu sinh hoc.

Céc hop chét polyphenol 13 nhitng hop chit
phé bién, ton tai trong nhiéu loai thuc phém va
thire uéng nhu trai cay, rau cu, ruou, ca phé,
tra,... [6]. Polyphenol c6 nhiéu hoat tinh sinh
hoc nhu bao vé tim mach [7] va chéng viém
[8], khang khudn va khang vi rat [9]. Nhiéu
nghién ctru da ching minh viéc sir dung céc
hop chét polyphenol ¢6 hiéu qué cao trong viée
ngin nglra va diéu tri ung thu [10], cac bénh
thoai hoa than kinh [11], ton thwong da [12] va
loang xuwong [13]. Pac biét hon ca, polyphenol
13 nhitg hop chat c6 tinh chéng oxy hoa tuyét
voi [14]. Hon 7500 bao cao khoa hoc lién quan
dén polyphenol da duoc cong bd trong hai thap
ky qua [15]. Nhiéu nghién ctru di ching minh
rang hoat tinh chdng oxy hoa cua polyphenol
dién ra chi yéu théng qua co ché chuyén
nguyén to H (Hydrogen Atom Transfer, HAT)
tir cac vi tri OH ciia phenol [16-19] va béng
cach chuyén mot electron (Single Electron
Transfer, SET) tir phenol sang gbc tu do [20-
22]. Ning luong phén ly lién két O—H (BDE)
va ning lugng ion hoa (IE) 1a hai thong sb nhiét
dong hoc dau tién duoc xem xét dé danh gia so
bd hoat tinh chéng oxy héa cta cac hop chit
nay. Ngoai ra, nhiéu nghién ctru da chimg minh
rang qua trinh chuyén electron c6 thé dién ra tir

gbc anion superoxide (02*) [23] hoidc gbc NO
[24] sang nhiing chat chong oxy hoéa kiéu
polyphenol.

Garcinia cowa (tai chua hay btra cong) la
mot loai cdy moc thudc ho Bura, can chung voi
mang cut. Pay la mot loai cay nhiét ddi cho qua
an dugc, moc hoang ¢ ven rung tai Pong Nam
A. O Viét Nam, tai chua moc & Bic BO va
bic Trung Bo. Hoat chét chinh trong tai chua la
xanthones va cac dan xuit cta chung, thudc
nhom polyphenol. Qué va 14 non cua tai chua
dugc st dung 1am thyc pham, trong khi d6 ré,
vo cay va mu da dugc st dung nhu mdt loai
thudc nam véi tic dung ha sét [25]. Céc
xanthones c6 trong nhya va vo cay tai chua da
duogc thu nghiém hoat dong chéng sbt rét va
kha nang khang khuan [26]. Ngoai ra, Xia va
cong sy di phéan 1ap ra cac hop chat xanthones
tir dich chiét 14 cay tai chua, két qua cho thiy
rang cac xanthones niy c6 cac hoat dong chong
ung thu nhim vao chu ky té bao [27].

Kha niang chéng oxy hoa cta 14 hop chat
xanthone chiét xuét tir vo cay ming cut da duoc
nghién ciru boi Thong va cong sy bang phuong
phap ONIOM thong qua ba co ché chuyén
nguyén t¢ hydro (HAT - Hydrogen Atom
Transfer), co ché chuyén lan lugt dién tur -
proton (SET-PT — Sequential Electron Transfer
— Proton Transfer), co ché chuyén lan luot
proton - dién t&r (SPL-ET — Sequential Proton
Loss — Electron Transfer). Cac thong s nhiét
dong hoc dac trung nhu BDE (O — H), IE, ai
luc proton (PA) va ning luong chuyén dién tir
(ETE) dugc tinh todn trong pha khi va nudc.
Két quéa chi ra HAT 1a co ché xay ra thuan loi
nhit trong pha khi, trong khi co ché SPLET
chiém vu thé hon & trong nude [28].


https://vi.wikipedia.org/w/index.php?title=C%C3%A2y_m%E1%BB%99c&action=edit&redlink=1
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R1, R2, R3: H, F, Cl, CH3, OCH3, NH2, CF3,
CN, NO2

Hinh 1. Cu tric tetrahydroxy-xanthone dic
trung cho cac hop chét dinh danh dugc trong
cdy tai chua va vi tri cac nhom thé cta no
(R1, R2, R3). Cac nhom thé khao sat cling
duoc liét ké.

Muc dich ctia nghién ctru nay 1a khao sat ciu
trac dién tir cua tetrahydroxy-xanthone va cac
dan xut cua n6 (Hinh 1) bang 1y thuyét phiém
ham mat d6 DFT & muc 1y thuyét M05-2X/6-
311+G(d,p). Cau trac khung dugc trinh bay &
Hinh 1 dic trung cho cic dan xuat xanthones
dugc dinh danh gan ddy trong chiét xuit cua
cay tai chua (Garcinia cowa). Su anh huong
cua cac nhom thé khac nhau nhu —F, —CI, —
CHs, —OCHs, —NH2, —CF3, —CN, —NO2 & ba vi
tri khac nhau trén cac vong cua xanthone Ién
ning lugng phan ly lién két (BDE) ciing s&
duoc khao sat. Két qua thu duoc co thé cho
phép suy doan mdi lién hé giita cau tric va hoat
tinh chdng oxy hoa (thong qua co ché chuyén
nguyén tot H — HAT) ciing nhu cho phép thiét
ké cau trac méi dya trén khung chat xanthone
c6 nguodn gdc thién nhién.

2. Phuwong phap nghién ctru

Phan mém Gaussian 09 di dugc sir dung cho
cac tinh toan trong nghién cliru nay. Phuong
phap 1y thuyét phiém ham mat d6 (DFT) ¢ mtic
ly thuyét M05-2X/6-31+G(d,p) duoc ap dung
dé t6i wu hoa céu trac hinh hoc va tinh toan
nang lugng trong pha khi.

Céc hop chit thién nhién thé hién kha ning
quét gbc ty do thong qua nhiéu co ché chéng
oxy hoa phd bién nhu co ché HAT, SET-PT va
SPL-ET.

Trong nghién cutu nay, chung t6i chi tdp
trung khao sat co ché HAT (phan tmg RO1).

RH -> R + H°, (RO1)

Phan Gng trén c6 thé dugc dic trung bang
tinh chit nhiét dong ndi tai twong mg 1 ning
luong phén ly lién két BDE. Thong sé nay dugc
tinh ¢ nhiét do 298,15 K va ap suit 1 atm nhu
phuong trinh sau:

BDE = H (R*) + H (H*) - H (R-H), (Eq.01)

Trong d6 H 13 enthalpy tong cua cic hop
chat duoc nghién ctu ¢ nhiét do 298,15K va
thudng dugc wdc tinh tir biéu thire sau:

H = Eo + ZPE + H trans + Hrot + Hvib + RT,
(Eq.02)

Htrans, Hrot Va Hvib lan luot 1a nang luong cua
cac chuyén dong tinh tién, quay va rung dong.
Eo |4 tong ning luong & 0 °K va ZPE 1a ning
luong dao dong diém 0.

3. Két qua va thao ludn
3.1. Céu tricc toi wu va tinh chit di¢n tiv

Hinh 2 biéu dién cau tric cua khung hop
chét 2,3,6,8-tetrahydroxyxanthone duoc t6i wu
hoa, sy phan b6 HOMO (highest occupied
molecular orbital), LUMO (lowest occupied
molecular orbital) va gian d6 bé mat thé ning
tinh dién ESP & muc 1y thuyét MO05-2X/6-
31+G(d,p) trong pha khi. C6 thé thdy bo khung
tetrahydroxy-xanthone c¢6 3 vong thom, cac lién
két © (C=C) ton tai xen k& v6i cac lién két o
(C—C) da tao h¢ electron lién hop trong khung.
Sy phan bd cic quy dao bién bao gdm céc
orbital phén tir bi chiém chd c6 ning luong cao
nhat (HOMOs) va cac orbital phan tir khong bi
chiém chd c6 nang luong thap nhit (LUMOS)
cho phép du doan vi tri cuc bd trén cAu trac
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phan tor c6 xu hudng cho hodc nhédn dién tu
trong cac phan tng véi goc tu do. HOMO,
LUMO duogc tap trung tai cac vong thom cua
phan tir va mot sé nhom hydroxy, cac qué trinh
dich chuyén dién tir s& dién ra tai cac vong. Bén
canh d6, hinh 2 con hién thi gian do bé mit thé
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Optimized Structure

nang tinh dién (ESP) ciia hop chét nghién ctru.
Két qua cho thdy ving tinh dién 4m nhat dugc
tim théy tai cac vi tri O8” va 09’ (vung mau
do), nguoc lai cac vung tinh dién duong nhét
tim thdy trén cidc nhom hydroxyl O2°H, O3H
va O6’H.
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Hinh 2. Céu tricc tdi wu héa, sw phin b6 orbital HOMO — LUMO, gidn d6 bé mit thé ning tinh di¢n (ESP)
ciia hop chit 2,3,6,8-tetrahydroxyxanthone ¢ mirc Iy thuyét M05-2X/6-31+G(d,p).

3.2. Anh hwéng ciia cdc nhém thé dén kha
nang phan ly lién két

Ning luong phan ly lién két (BDE) 1a mot
trong nhitng thong s nhiét dong chinh dé danh
gia so bo kha ning chdng oxy hoa cua hop chit
nghién ctru thong qua co ché chuyén nguyén tir
H (HAT). Khi mét lién két R—H c6 gia tri BDE
cang thap, lién két d6 cang d& bi cat dut, kha
ning chéng oxy héa theo co ché HAT cua hop
chat d6 cang cao. Su anh hudng cua cac nhom
thé khac nhau nhu —F, —Cl, ~-CHs, ~OCHs, —
NH2, —CF3, —-CN, —NO2 ¢ ba vi tri R1, R2, va
R3 trén céc vong thom lén nang lugng phan ly
lién két (BDE) duoc thé hién ¢ Hinh 3. Két qua
cho thay trong pha khi & muc 1y thuyét MOS5-
2X/6-31+G(d,p), tat ca cac nhom thé khao sat
da s6 déu c6 kha ning nhudng nguyén tir H
manh nhat tai vi tri R1 (BDE tai R1 nim trong

khoang tir 68,8 dén 85,9 kcal/mol, so véi tai vi
tri R2, R3 1an luot nam trong khoang 80.6 —
90,0 kcal/mol va 81,1 — 96,4 kcal/mol).

Mit khac, cac nhoém thé day dién tr co xu
hudng 1am giam BDE cua cac hop chat nghién
ctru. Vi du, dan xuat chira nhom thé—NHz c6 gia
tri BDE thap nhat lan luot 1a 68,8 81,5, 81,1
kcal/mol tuong tng tai cac vi tri thé R1, R2,
R3. So sanh véi gia tri BDE cua cac hop chit
chéng oxy héa phd bién khac nhu phenol (87,2
kcal/mol) [29], a-terpinene (74,4 kcal/mol) [30]
tinh ¢ cing muc 1y thuyét, din xudt amino
xanthone c6 thé duoc coi 1a chat chdng oxy hoa
tiém niang. Nguoc lai, dan chét gén cac nhom
thé hut dién tir manh nhu —F, —Cl, -CN, —CF3,~
NO2, ~OCFs3 lam giam kha nang chong oxy hoa
v6i gia tri BDE cao hon so v6i cac nhom thé
day dién tur tir 10,3 dén 17,1 kcal/mol.
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Hinh 3. Gid tri ning lwong phdn ly lién két (BDE) ciia hop chit nghién ciru dwgc tinh todn
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4. Két luan

Trong nghién ciru nay, thong so nhiét dong
BDE dic trung cho kha ning chéng oxy hoa
theo co ché HAT duoc tinh toan bing phuong
phap DFT ¢ mic 1y thuyét MO05-2X/6-
31+G(d,p) trong pha khi. Anh huong cia cac
nhom thé khac nhau 18n gia tri BDE ciing da
duoc khao sat bﬁng cach thay cac nhém F, ClI,
CHs, OCHs, NHz, CF3, CN, NO2. Két qua cho
thdy trong tat ca cac nhom thé dwoc khao sat,
nhom —NH2 cho gia tri BDE thip nhit (68,8,
81,5, 81,1 kcal/mol) ¢ ca ba vi tri R1, R2, R3.
Ngoai ra, dan xuét chira cic nhom thé day dién
tr ¢6 gia tri BDE thip hon nhiéu so v&i dan
xuat chira cac nhém hat dién tir tr 10,3 dén
17,1 kcal/mol. Tir nhitng két qua thu duoc,
nghién ciru c¢6 thé cung cip thém mot sd thong
tin co ban vé kha ning chéng oxy hoa cua cac
hop chat hitu co cdu trac tetrahydroxy-
xanthone trong cay tai chua, ddy 1a co s& dé tac
gia tiép tuc khao sat nhimg van dé tiép theo bao
gdm céc co ché chéng oxy héa nhu chuyén lan

luot dién tr, proton - SET-PT (Single Electron
Transfer - Proton Transfer), chuyén lan luot
proton, dién tir - SPL-ET (Sequential Proton-
Loss Electron-Transfer). Két qua nay dong thoi
cling dé xuét chu trong dén dan chit amino khi
chiét xuat, hodc thiét ké, tong hop cac hop chat
c6 hoat tinh chéng oxy hoa dua trén
tetrahydroxy-xanthone.
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