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Tém tit

B-cyclodextrin (B-CD) 1a mot oligosaccharide vong c6 nhiéu ng dung trong nganh Duoc va cong nghiép Hoéa, trong
d6 ¢ g dung lam chit mang thudc. Nghién ciru nay st dung phuong phap mo phong Ly thuyét phiém ham mat do
(DFT) dé khao sat cau tric twong tac va ning luong tuong tac cua B-CD trong tmg dung lam chat mang thude cho hai
hoat chét 1a luteolin va ambroxol, dic trung cho cac chét dang polyphenol va amines. Két qua tinh toan cho thay qué trinh
hép phu cua ca luteolin va ambroxol 1én B-CD déu dién ra thun loi va téa nhiét manh, véi cac gia tri nang luong Gibbs
tu do (A/G®) va enthalpy tiéu chuan (AH°) déu am. Cap gia tri A,G% AH° ciia cau hinh hip phu bén nhat ddi vai luteolin
va ambroxol 1an lugt bﬁng -22,7 / -40,5 kcal/mol va -16,3 / -32,1 kcal/mol. Kha nang giai hﬁp phu hai hoat chét nay tai
protein dich (angiotensin I va IT) ciing duoc khao sat thong qua viéc so sanh niang lwong hip phu. Két qua cho thay p-CD
khong thé giai hap luteolin tai hai vi tri amino acids dic trung (Asp va Tyr), nhung c6 thé giai hap phu ambroxol tai vi tri
Tyr. Nghién ctru nay hi vong c6 thé gop phan vao viéc du doan kha ning ing dung ctia f-CD 1am chat mang thudc trong
nganh Dugc.

Tuwr khoa : B-cyclodextrin; DFT; luteolin; ambroxol; angiotensin I va II.

Abstract

Beta-cyclodextrin (B-CD), a cyclic oligosaccharide, is widely used in pharmaceutical and chemical industries, notably
as a drug carrier. This study employs Density Functional Theory (DFT) approaches to investigate the interaction structure
and energy of B-CD as a drug carrier for luteolin and ambroxol, representing polyphenol and amine-type compounds,
respectively. Computational results reveal that the adsorption of both Iuteolin and ambroxol onto B-CD is favorable,
spontaneous and highly exothermic, with negative Gibbs free energy (A:G°) and standard enthalpy (A.H°) values. The
most stable adsorption configurations yield A,G% AH° values of -22.7/-40.5 kcal/mol for luteolin and -16.3/-32.1 kcal/mol
for ambroxol. The potential for desorption of these compounds at target proteins (angiotensin I and IT) was also evaluated
by comparing adsorption energies. The findings indicate that -CD cannot desorb luteolin at specific amino acid sites
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(Asp and Tyr), but it can desorb ambroxol at the Tyr site. This study aims to contribute to predicting B-CD’s potential as

a drug carrier in pharmaceutical applications.

Keywords: B-cyclodextrin; DFT; luteolin; ambroxol; angiotensin I and II.

1. Giéi thi¢u

B-CD la moét oligosaccharide vong, dugc tao
thanh tir 7 don vi glucose. Cau trac hinh nén cé
16i bén trong ky nudc va bé mit ngoai wa nudc,
khién n6 tré thanh mot ta duge quan trong trong
nganh dugc pham, dic biét trong vai trd mang
thudc. Kha ning tao phirc v&i cac hop chit thude
tan kém trong nude gitp B-CD tang d6 hoa tan,
6n dinh va sinh kha dung cta thudc [1]. Nhiéu
nghién ctru bang ca phuong phap thyc nghiém
1n tinh toén da dugc thyc hién dé khao sét tinh
chat twong tac ctia B-CD voéi cac hop chét thude
khac nhau. Trong d6 Ly thuyét ham mat do
(DFT), mét phuong phiap md phdéng co hoc
lwong tir, da duoc sir dung dé phan tich chi tiét
cac tuong tac phan tu, dac biét 1a kha nang mang
thude ciia p-CD [2].

Céc tinh toan DFT cho phép mo phong cau
tric dién tor va ndng lugng cia h¢ phan tu, du
doan cac dic tinh nhu nang luong lién két, cdu
hinh t6i wu va tuong tac host-guest. Pdi véi B-
CD, DFT thuong dugc str dung dé nghién clru sy
hinh thanh phirc bao boc vdi cac phan tir thude,
phén tich nidng lugng tu do Gibbs, va danh gia
su On dinh cta phurc tao thanh.

Gan day, Pantaleone ef al. (2023) da khao sat
bé mit thé nang (PES) céc c4u dang ciia B-CD,
ciing nhu cic déng phan alpha- va gamma-
cyclodextrin (a-CD va y-CD) trong pha khi va
dung méi nudc bang cach két hop giita cac
phuong phép ban thuc nghiém (GFN2 va GFN-
FF trong phan mém xTB) va phuong phap DFT
(B97-3¢ va 12SCAN-3¢ trong phin mém
ORCA) v61 mo6 hinh dung mdi nudc implicit va
explicit [3]. Cac tac gia thdy rang a-CD va B-CD
uu tién ciu trac dong trong pha khi va ciu triic
dang m¢ trong nudc, trong khi dang mé cua y-
CD 1a dang 6n dinh nhét trong c4 hai trudng hop.

Mo hinh explicit cua nudc (véi 300-450 phan tu
nudce) anh huong manh dén cau tric CD, v6i cdu
trac bi bién dang nhiéu hon so véi pha khi va so
vo1 moO hinh solvat implicit cua nude. Mac du
nghién ctru nay khong tryc tiép dé cap dén tinh
chat mang thudc ctia CD, nhung két qua khao sat
vé cdu dang hinh hoc c6 thé gian tiép hd tro hiéu
biét vé cach B-CD tuong tic véi cac phan tir
thude, dic biét trong vi¢c t6i wu hoa kich thude
khoang va ning luong lién két [3].

Yan et al. (2021) da nghién ctru tac dong cua
cac didc tinh cu trac khac nhau cua CD va céc
din xuat cta nd 1én kha ning tao phuc bang
phuong phap mo phong dong luc hoc phan tu
(molecular dynamics - MD) [2]. Céc ciu tric
phtre hinh thanh béi ba loai CD véi1 hydrocarbon
thom da vong (PAH) da duogc tinh todn. Dya trén
B-CD, céc tac gia di thay ddi cau triic bang cach
dua vao cac nhom thé, gdm cac nhom chire 2-
hydroxypropyl (HP) va butyl sulfonated (SBE),
duoc goi 1a HP-CD va SBE-CD. Két qua cho
thdy PAH chi c¢6 thé di vao khoang ciia SBE—p-
CD tir vanh rong trong ciu tric hinh nén. Cac
nhém thé anh huéng dang ké dén ciu tric cua
CD, c6 thé gay 1at nguoc cac don vi glucose. Tuy
nhién, cac nhom thé ciing co thé lam tang thé tich
ctia khoang ky nuéce (khoang bén trong CD), dan
dén sy tuong tac chit ché voi cac phan tir guest.

Kabouche et al. (2023) da khao sat sy tuong
tac cua pentachlorophenol (PTC) & khoang bén
trong cua B-CD bang tinh toan voi phuong phap
DFT BLYP-D4 va PBEh-3c két hop v6i bo ham
co s def2-SVP-gCP [4]. Céc tac gia thay rang
PTC duogc gobi ¢ khoang trong cua -CD nho 2
ciu hinh tuong tac khac nhau thuan loi va tu dién
ra vé mit nhiét dong hoc. Cac tinh chat dién tir
ctia hé phirc chat tao thanh chi ra rang hé phtic
PTC va B-CD 6n dinh nho tuong tac yéu van der
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Waals va tuong tac manh théng qua lién két
hydrogen ndi phan tir.

Van T. H. Doan et al. (2019) da diéu ché mot
loai hat nano dya trén CD va dung 1am chat
mang thudc dé mang o-Mangostin (MGS) [5].
Két qua thuc nghiém cho thdy dang nano ciia CD
¢6 kha niang mang nhiéu phan tir CD hon so véi
CD don 1é. Céc tac gia giai thich rang c6 thé
khoang bén trong cua CD va mang luéi polymer
bén trong hat nano déu giit vai tro quan trong
trong viéc thu gitt MGS. a-Mangostin nho dugc
mang trén nano CD ma da cai thién tinh tan trong
moi truong sinh hoc va qua dé tang cuong tinh
kha dung sinh hoc.

Ceron-Carrasco et al. (2015) khao sat kha
ning mang hai duoc chit chdng oxi hoa la
carnosol va carnosic acid & khoang bén trong cta
a-, B- and y-CD bang phuong phap Docking
phan tir va DFT [6] & muc 1y thuyét M06-2X/6-
311G(d,p). Két qua tinh toan cho thay carnosol
¢6 thé duoc mang bén trong khoang cua CD véi
cac cAu hinh khac nhau, voi nang lugng twong
tac bang -20.0 dén 4.7 kcal/mol, -25.6 dén -4.0
kcal/mol, va -27.7 dén -2.1 kcal/mol, tuong tng
cho truong hop a-CD, B-CD va y-CD. Tuong tu,
carnosic acid tuong tac véi khoang ki nudce bén
trong cua a-CD, B-CD va y-CD véi cac muc
ning lugng thay doi trong khoang tuong tmg tir
-25.6 dén -2.6 kcal/mol, tir -22.3 dén 7.3
kcal/mol, va tir -30.4 dén -15.4 kcal/mol. Két
qua ciing cho thdy khoang trong ciia a-CD
khong dii 16n dé bao boc bat ky phan tir chét
chbng oxy héa nao duoc nghién ctru. Nguoc lai,
ca carnosol va carnosic acid déu c6 thé duge boc
vao B-CD va y-CD. Tuy nhién, theo tinh toan
nang luong tuong tac, ca hai chat chdng oxy hoa
déu phu hop hon véi y-CD trong khi chi dugc
bao boc mot phén vao B-CD.

C6 thé thy rang mic du da c6 mot sb nghién
ctru tinh todn trude day khdo sat kha ndng mang
mot s6 hop chat thude ciia CD trong dung mai,
tuy nhién kha ning giai hap phu hop chét thude

tai cac protein dich van chua duoc dé cap dén,
du day la mot budc quan trong trong qua trinh
van chuyén thudc. Nghién ciru nay tiép ndi cac
nd lyc trude day tiép tuc khao sat kha ning mang
cac duoc chit ctia B-CD va co ché tuong tac gitra
ching bang cach sir dung Ly thuyét DFT. Kha
nang mang hai hop chat luteolin, mot hgp chét
chéng oxi hoa dang polyphenol dién hinh, va
ambroxol, mot loai thudc thuong mai dién hinh
chtra cac nhom amines, s€ dugc khao sat thong
qua viéc dy doan cic cdu hinh hip phu trong
dung méi nudc implicit. Kha niang giai hip phu
hai duoc chat nghién ctru khi dén dich protein
cling s& dugc dy doan bang cach so sanh ning
luong hap phu cua ching véi nang lugng héap
phu cua B-CD véi hai amino acids trén protein la
asparagin va tyrosin.

2. Phuwong phap nghién ciru

T4t c4 cac tinh toan trong nghién ctru nay déu
dugc thyc hién boi phin mém md phong
Gaussian 16 Rev.C.01 [7]. Cu trtic hinh hoc va
cdu trac dién tir ciia cac chit nghién ciru duoc
thuc hién nho phuong phép DFT trong dung moi
nudc, tai mirc 1y thuyét M06-2X[8] két hop bo
ham co s ho Pople 6-31G(d). Céc tuong tac yéu
giita B-CD va cac hoat chét nhu tuong tac Van
der Waals, twong tic chdong pi-pi (pi-pi
stacking)... dugc hiéu chinh thong qua m6 hinh
phan tan ban thuc nghiém (empirical dispersion)
GD3 cua Grimme [9].

Ning luong Gibbs tu do (A:G°) va enthalpy
tidu chudn (AH°) ciia qua trinh twong téc giira p-
CD va céc hoat chit dugc tinh toan thong qua
hai phuong trinh sau day:

A:G° = G(hoat chat/B-CD) — G(hoat chét) —
G(B-CD), (p.t.1)

A:H® = H(hoat chat/B-CD) — H(hoat chét) —
H(B-CD), (p.t.2)

Trong d6, G va H 1a nang lugng Gibbs tu do
va enthalpy ¢ diéu kién chuan 298K va latm. Vi
vdy, nang lugng G cua tat ca cac cau tu trong
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dung mdi dugc hi¢u chinh sang diéu kién chuin
1 M béng cach cong thém gia tri G & latm véi
mot gia tri 1,89 kcal/mol, nhu da dé cap trong
nhiéu nghién ctru trudc ddy vé cic quéa trinh
trong dung moi [10].

Anh huéng ctia dung méi nudc 1én tinh chat
dién tir ciia cac hoat chat va phtic cta chiing véi
B-CD dugc md ta boi thuat toan SCRF (Self-
Consistent Reaction Field) va SMD (Solvation
Model based on Density) [11]. SCRF la mot tap
hop céc phuong phap dé mo hinh héa anh hudng
cta dung moi Ién phén tir thong qua mot truong
phan tng tu nhat quan. N6 gia dinh phéan tr nAm
trong mot "khoang" dugc bao quanh boi moi
truong dung mai lién tyuc. M6 hinh SMD (m6 hinh
dung mo6i dua trén mat do dién tir) st dung mat do
dién tir cia phéan tir dé xac dinh khoang dung moi
(thay vi chi dya vao hinh dang hinh hoc). M6 hinh
SMD mé ta cac twong tac giira chat tan (solute) va
phén tir dung méi, bao gém tuong tac tinh dién
(electrostatic), nang luong tao  khoang
(cavitation), tuong tac phan tan (dispersion),
twong tac day (repulsion), hiéu ing ciu truc dung
mdi (solvent structural effects) (pt. 3).

AGsolv = AG clectrostatic T AG dispersion T AG

repulsion T AG cavition, (P. 3)

3. Két qua va thio ludn

3.1. Céu trisc P-CD, luteolin, va ambroxol
Hinh 1 gi6i thidu c4u trac hinh hoc t6i wu ciia

B-CD va hai hoat chit s& khao sat trong nghién

ctru ndy, 1a luteolin (mot chat dang polyphenol

c6 hoat tinh chdng oxi héa dién hinh) va

ambroxol (mdt loai thudc thuong mai dung trong

didu tri cac van dé vé duong ho hap nhu ho va
viém phé quan). Cau trac p-CD gdm 7 don vi
duong glucose, voi dang hinh nén véi duong
kinh trong vao khoang 7,4 A. Céu tric cta
luteolin va ambroxol dugc trinh bay ¢ day tuong
ung la cau dang hinh hoc bén nhat.

Phan sau s& khao sat cdu trac hinh hoc va
ning lugng tuong tic cta cic phirc chit tao
thanh tur sy twong tac gitra luteolin va ambroxol
vo1 -CD trong dung mdi nudc.

3.2. Twong tac giira B-cyclodextrin voi luteolin

Trong phan nay, chiing t6i tién hanh khao sat
cac ciu hinh tuong tac giita f-CD véi luteolin,
day dugc xem nhu 1a mot vi du cho mét hop chét
chdng oxy hoa thudc ho polyphenol. Luteolin 1a
mdt loai flavonoid tu nhién dugc tim thiy trong
mot s6 loai thue pham nhu cay co, hoa qua. ..

Két qua cho thdy c6 B-CD va luteolin twong
tac voi nhau tai 6 vi tri khac nhau (Hinh 2). Dang
cha y, hau hét cac truong hop twong tac giira
luteolin va B-CD déu xay ra v&i nhiéu vi tri khac
nhau, dan dén phirc chat tao thanh bén va 6n dinh
hon. Céc lién két hinh thanh chii yéu 14 lién két
hydro, giita nhém -OH hoic cau -O- caa p-CD
hoic ctia luteolin véi nhau. Khoang cach lién két
hydro dao dong trong khoang tir 1,71 dén 2,88A
va cac goc tuong tac O--H+-O c6 gia tri tir 134°
dén 168°. Mit khac, quan sat Hinh 2 ta co thé
thidy trong mot s6 cdu hinh twong tic véi
luteolin, B-CD bi bién dang cdu trac vong cia
n6. Piéu d6 cho thiy cau trac B-CD tuong ddi
nhé dé mang luteolin va twong tac giita chung 1a

rat manh.

Hinh 1. Céu trac hinh hoc ti wu ciia B-CD, luteolin va ambroxol trong dung méi nudce,
tai mirc Ly thuyét DFT/ M06-2X (GD3/SMD) / 6-31G(d). Khoang céch lién két c6 don vi A, géc lién két c6 don vi do.
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C6(-22.7/-40.5)

C5(-19.0/-38.1)

C4(-16.4/-32.1)

Hinh 2. Cau tréic hinh hoc t&i uu cta cac phuc giira luteolin/B-CD trong dung moi nudc.

(Cac gia tri trong ngodc (don vi keal/mol) twong tng 1a nang luong tu do Gibbs (A:G°) va enthalpy ti€u chuin (AH°)
ctia qud trinh hap phu. Khoang céch lién két do & don vi A).

Vé mat nang lugng, tat ca cac phuc tao thanh
déu c6 gia tri A/G° va AH° am. DPiéu nay co
nghia rang sy hap phu hop chét luteolin vao bén
trong khoang B-CD la qua trinh téa nhiét va tu
phat. Trong d6, phirc chat dugc xac dinh bén
nhat 1a phic C6 voi cac gia tri A/GYAH’ dm
nhit 1an lugt bang -27,7/-40,5 kcal/mol. Phtc
kém bén nhét véi B-CD 1a C3 véi cac gié tri ning
luong lién két 14 -9,0 kcal/mol va -24,1 kcal/mol.
3.3. Twong tdc giiva f-cyclodextrin véi hop chit
ambroxol

Pé tién hanh nghién ctru vé kha ning tuong
tac giita p-CD va hop chit thudc ¢ chira nhém
amin, chung t61 da chon ambroxol dé thuc hién.
Ambroxol 1a mét loai thudc thuong duogc st

dung trong didu tri cac van dé vé duong ho hép
nhu ho va viém phé quan. Hinh 3 biéu thi 5
truong hop tuong tac gitra ambroxol va B-CD
trong dung moi nude va cac gia tri nang lugng
tuong tac gitra chiing.

Nhin chung, tuong tac gitta B-CD va
ambroxol duoc hinh thanh thong qua lién két
hydro gitta nhém amin cua ambroxol vé1 nguyén
tu O thugc B-CD, cling nhu tuong tac thong qua
nhom hydroxyl cta ambroxol véi O (thude
nhém -OH) cua B-CD, gitra nhém hydroxyl cua
B-CD va nguyén tor O (thudc nhém -OH) cua
ambroxol. Khoang cach lién két hydro cua céac
phtc nay dao dong trong khoang tir 1,90 dén
2,92 A.
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C1(-17.1/-35.0)

C3(-12.8/-26.5)

C4(-16.3/-32.1)

Hinh 3. C4u trtic hinh hoc tdi wu ctia cac phirc ambroxol/B-CD trong dung mdi nude.

(Céc gié tri trong ngodc (don vi: kcal/mol) twong tng 14 ning lwong hip phu (Eads), bién thién enthalpy (ArHo) va bién
thién nang lugng ty do Gibbs (ArGo). Khoang cach lién két két do & don vi A, goc lién két do & don vi © (d9)).

Vé mit nang luong, tat ca cic gia tri ning
luong tuong tac A:G®/AH° déu am, cho thiy qua
trinh hap thy ambroxol vao bén trong B-CD ciing
rat thuan loi va la qué trinh téa nhi¢t manh.
Trong s6 do, phirc chat C4 c¢6 cac gia tri ning
luong A:G°/AH° 4m nhit lan luot bang -16.3/-
32.1 kcal/mol. Pac biét, day cling 1a truong hop
duy nhét c¢6 sy hinh thanh lién két hydro twong
tac tai hai vi tri khac nhau trén B-CD. Nhom -NH
cta ambroxol twong tac véi nguyén tor O thude
B-CD, mat khac, nhom hydroxyl cua B-CD tao
lién két hydro véi nguyén tir O (thudc nhom -
OH) ciia ambroxol. Diéu nay dong nghia véi
viéc qua trinh tao thanh phirc chat nay 1a rit 6n
dinh va thuan lgi. Nguoc lai, phic chét kém bén
nhét trong sé nay 1a phirc C2 véi cac gia tri nang
luong 1an lugt bang -10.9 va -26.9 kcal/mol.

3.4. Kha nang gigi hdp phu luteolin va
ambroxol tir f-cyclodextrin tai dich protein

B-CD mang theo hgp chat thudc van chuyén
dén cac protein dich, & d6 né sé giai hap phu hop
chit thudc ra, va thudc s& tuong tac va tac dung
1én protein dich. V& nguyén tic, dé qua trinh giai
hép phu duoc chat dién ra thuan loi thi ning
luong tuong tac cua B-CD véi protein phai 16n
hon nang lugng tuong tac voi dugc chét. Vi vay,
trong phan nay, ning luong twong tac gitra f-CD
va hai amino acid Asp va Tyr s€ dugc khao sat
vé mit cau hinh va ning luong tuong tac.

Trong mot nghién ctru thuc nghiém vao nam
2015, Yulin Qi va cac dong nghiép da khao sat
vi tri twong tac chinh xac cua B-CD 1én mot s6
peptide nhu: angiotensin (mot loai hormone gitp
diéu chinh huyét ap bang cach co mach mau va
kich hoat Iwong nudc va mudi (natri) hip thy),
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hay neurotensin (mdt tridecapeptide dugc tim
thay trong hé than kinh trung wong va dudng tiéu
hoa [12]. Neurotensin hoat dong nhu mot chét
dan truyén than kinh trong nio va nhu mét loai
hormone trong rudt). Mot trong cac két qua cua
nghién ctru nay chi ra ring p-CD tuong tac 1én
angiotensin I chinh xéc tai cic amino acid gdm
Aspl va Tyr4 va véi angiotensin II tai Argl va
Tyr4. Do vy, trong phan nay, chiing t6i chon hai
amino acid Asp va Tyr dé lam vi dy khao sat vi
tri twong tac ctua p-CD véi mot hormone cu thé,
dé u6c luong kha niang giai hap phu ciia B-CD
tai dich dén sinh hoc.

Asp c6 hang sb phan ly acid hai bac 1an luot
1a pKa; = 2,0 va pKaa = 8,8 [13]. Tyr c6 hang sb

Tyrosin (Tyr)

phan ly acid ba bac lan lugt 1a pKa; = 2,2, pKa>
= 9,1 va pKas = 10.1 [14]. Vi vy & diéu kién
sinh 1y (pH = 7,4), Asp va Tyr ton tai chu yéu &
dang mono-anion trong d6 nhém acid -COOH
bi phan ly thanh —COO". Hinh 4 trinh bay céu
tric bén nhat ctia hai amino acid nghién ciru 1a
Asp va Tyr & dang mono-anion.

Trong phan sau, cic cu tric phirc chat hinh
thanh do su hap phu cua hai amino acid Asp va
Tyr véi B-CD s€ duogc khao sat. Nang lugng tu
do Gibbs va enthalpy tiéu chuin cua qué trinh
hap phu s& dugc tinh todn va so sanh véi cac gia
trj tuong Gng cta luteolin va ambroxol dé 1am rd
kha ning giai hap phu tai protein dich.

A

Asparagin (Asp)

Hinh 4. C4u triic t5i wu cua tyrosin (Tyr) va asparagin (Asp) dang mono-anion trong nudc.

3.4.1. Twong tac giita f-cyclodextrin va amino
acid asparagin

Hinh 5 trinh bay cac cau tric phirc tao boi
Asp & dang mono-anion 1én bé mit ngoai f-CD.
Ta thay c6 8 vi tri hap phy tiém nang nhat. Trong
d6, c6 6 vi tri hinh thanh lién két hydrogen giira
cac nguyén tu H cua B-CD véi cac vi tri N (thudc
nhom -NH;) va O (thu¢c nhém -COOH) cua
Asp. Trong khi do, 2 vi tri tuong tac con lai tai
cac nguyén tir 015, 051 c6 céc lién két hydrogen
hinh thanh gitta nguyén tir N (thudc nhom -NH>)
cua Asp voi cac nguyén tu O (thuoc nhoém -OH)
ctia B-CD. Trong cac cdu tric phtc ndy, khoang
cach cac lién két hydrogen dao dong tir 1,64 dén
2,92 A,

Vé mit niang lugng, tat ca cac truong hop déu
co gia tri A:G°, AH° am ngoai trur hai phtrc C3
va C8 ¢6 gid tri A/G° duong thap (lan lugt bang
0,3 va 1,2 kcal/mol). Piéu nay cho thdy qua trinh
hinh thanh cic phuc chat nay 13 téa nhiét va
thudn loi & diéu kién chuan (298 K va latm). Khi
cac phan tir bi hap phu vao B-CD, ning luong
dugc giai phong ra gop phan 6n dinh cac phuc.
Trong s6 cac phuc chit trén, phiic chat C6 ¢6 cac
gia tri nang luong A:G° va AH° 4m nhét, 1an lugt
bang -10,9 va -27,0 kcal/mol. Diéu nay ching t6
qua trinh hinh thanh phure thuén loi vé mat nhiét
dong hoc.
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C2(-6.5/-20.9)

C5(-8.8/-20.4) C6(-10.9/-27.0)

C4(0.3/-8.9)

C7(-5.3/-19.7) C8(1.2/-13.6)

Hinh 5. CAu triic hinh hoc t&i wu cta cac phtc hinh thanh giita p-CD va asparagin (Asp) & cac vi tri khac nhau.

(Céc gia tri trong ngodc (don vi: kcal/mol) twong tmg 14 ning luong tw do Gibbs (ArGo) va enthalpy tiéu chuan (ArHo)
cua qud trinh hap phu. Khoang cach lién két két do & don vi A).

3.4.2. Tuwong tac gitra f-cyclodextrin va tyrosin

Hinh 6 trinh bay cac cu tric phirc tao boi Tyr
trén bé mit ngoai ctia B-CD, v6i 12 vi tri hap phy
tiém nang nhat. Trong d6, Tyr va B-CD hinh thanh
lién két hydrogen giita cdc nguyén tir H (thudc
nhom -OH) cta B-CD véi cac vi tri N (thuée nhom
-NH>) va O (thudc nhém -COOH) cua Tyr. Trong
khi d6, 2 vi tri twong tac con lai tai O17 va 040 c6
céac lién két hydrogen hinh thanh giita nguyén tir N
(thuoc nhom -NHz) cua Tyr véi nguyén tr O
(thudc nhém -OH) ctia B-CD. Trong cic ciu tric
phirc niy, khoang cach céc lién két hydrogen dao
dong tir 1,52 dén 2,55 A.

V& mit nang luong, tat ca cac trudng hop déu
c6 gia tri A/G° va AH° am. Piéu nay chimng to
cac phirc nay déu 1a qua trinh toa nhiét, va dién
ra thuan loi vé mat nhiét dong hoc. Gia tri A:G°
thay doi tir -19,2 dén 2,4 kcal/mol. Gia trj AH°
thay doi tir -34,9 dén-8,7 kcal/mol. Phirc cht ¢6
cac gia tri nang luong hap phu 4m nhét 1a phtc
chat C8, 1an lugt bang voi gia tri AG° va AHP
bang -19.2 va -34,9 kcal/mol. Két qua nay ching
t6 phirc chat C8 twong tic manh nhét va 6n dinh
nhat trong sé cac phtic chat dugc nghién ctru.
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C5(1.9/-8.7) C6(2.4/-10.5)

C9(-15.6/-31.2)

C10(-7.3/-20.1)

C7(-2.0/-13.0)

C12(7.7/-21.7)

C11(-2.4/-12.5)

Hinh 6. Cau triic hinh hoc t&i uu ctia cac phtrc hinh thanh giita p-CD va tyrosin (Tyr) & cac vi tri khac nhau.

(Cac gia tri trong ngodc (don vi: keal/mol) twong tmg la nang luong tu do Gibbs (ArGo) va enthalpy tiéu chuan (ArHo)
ctia qua trinh hap phu. Khoang cach lién két két do & don vi A).

3.4.3. Khd ndng giai hdp phu luteolin va
ambroxol tai protein dich

Hinh 7 so sanh nang lugng A:G° va A:H® cua
qué trinh hip phu amino acid Tyr va Asp & dang
mono-anion 1én B-CD véi céc gia tri tuong ung
cua luteolin va ambroxol trong dung moi nudec.

Két qua chi ra rang B-CD hap phu luteolin tdt
hon hai amino acid Asp va Tyr. Gid tri A/G° ciia
luteolin (-22,7 kcal/mol) am hon so véi gia tri
tuong g cua Asp (-10,9 kcal/mol) va Tyr (-9,2
kcal/mol). Piéu d6 chung t6 rang B-CD kho giai
hap phu luteolin tai protein dich (angiotensin I
hoac II).

Nguoc lai, B-CD hép thu ambroxol kém hon
s0 v&i amino acid Tyr, nhung tot hon so v&i Asp.

Thuc vay, gia tri nang lugng Gibbs tu do cia qua
trinh hap phu (A:G°) dugc sip xép theo thur tur
taing dan nhu sau: Asp (-10,9 kcal/mol) <
Ambroxol (-16,3 kcal/mol) < Tyr (-19,2
kcal/mol). Diéu nay c6 nghia raing Ambroxol co
thé duoc giai hap phu ra khi B-CD dén dich tai
vi tri amino acid Tyr cua protein dich
(angiotensin I hodc II).

Su tuong tac manh hon cia B-CD véi amino
acid Tyr s& giup ambroxol gidi phong ra va gitp
tang nong do thudc tai vi tri can didu tri. Pong
thoi, viée kiém soét t6t qua trinh giai phong s&
han ché duoc cac tac dung phu do giai phong
khong kiém soat, mang lai su an toan va hi¢u qua
hon cho bénh nhan.
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Luteolin/b-CD Ambroxol/b-CD

-20 A

-25 A

=30 4

AGP/ AHO, (kcal/mol)

-35 4

40

45

Asp/b-CD

Tyr/b-CD

uDrGO
m DrHO

Hinh 7. So sanh ning lugng Gibbs tu do (A:G) va enthalpy tiéu chudn (A,G°) ciia tuong tac giira luteolin, ambroxol,
asparagin (Asp) va tyrosin (Tyr) amino acid véi B-CD trong dung mdi nude. (Cac gia tri nang luong thu dugc tur chu
hinh hap thu bén nhat).

4. Két luan

Nghién ciru nay di st dung mo phong bang
phuong phap Ly thuyét DFT dé khao sat tinh
chat caa B-CD trong viéc mang hai hoat chat 1a
luteolin va ambroxol trong dung méi nudc. Cu
hinh hép phu c6 thé c6, va cac gia tri nang luong
Gibbs tur do va enthalpy tiéu chuan cta qué trinh
hap phu di dugc tinh toan. Kha niang giai héap
phu hai hoat chat nay tai protein dich
(angiotensin I hodc II) cling dugc khao sat thong
qua viéc so sanh ning lugng hap phu cia qua
trinh tuong tac gitra B-CD va hai amino acid Asp
va Tyr.

Mot sb két qua thu duoc tir nghién ciu nay
nhu sau:

+ Qua trinh hip phu ca luteolin va ambroxol
vao khoang bén trong cua B-CD déu dién ra
thuén loi va tda nhiét 1on, véi cac gia tri A:G° va
AH® déu am, 1an lugt bang -22,7/-40,5 kcal/mol
ddi véi luteolin va -16,3/-32,1 keal/mol dbi véi
ambroxol.

+ Khi B-CD mang hoat chét dén protein dich,
B-CD s& tuong tac tai hai amino acids dién hinh
12 Asp va Tyr. Kha ning B-CD c6 thé giai hip
phu hoat chét nghién ciru tai hai vi tri dich nay

duogc khao sat va tinh toan, thong qua viéc so
sanh gia tri A,G°. Két qua chi ra ring p-CD c6
thé tuong tac véi Asp va Tyr voi nhiéu cu hinh
hép phu khac nhau. So sanh gia tri nang luong
hap phu chi ra rang trong khi B-CD khong thé
giai hip luteolin tai hai vi tri amino acids dic
trung nhu da néu, thi B-CD c6 thé giai hap phu
ambroxol tai vi tri Tyr v6i gid tri ndng luong
Gibbs tu do ctia qué trinh hip phu (A:G°) theo
th tu ting dan nhu sau: Asp (-10,9 kcal/mol) <
Ambroxol (-16,3 kcal/mol) < Tyr (-19,2
kcal/mol).

Nhu vay, B-CD c6 thé tuong tac hap phu mot
cach thuan loi voi1 ¢4 luteolin va ambroxol, tao
thanh cac phirc chat bén, va mang chiing dén céc
protein dich, tai vi tri hai amino acids Asp va
Tyr. Tuy nhién B-CD chi c6 thé giai hap phu
ambroxol tai vi tri Tyr, nguoc lai khong thé giai
hap phu luteolin. Két qua thu duoc co thé gop
phan vao viéc khao sat kha ning mang thudc cua
B-CD véi hai truong hop luteolin va ambrosol.
Véi khd ndng tinh todn mo6 phdéng cua phuong
phap DFT, cac nghién ctru khac vé kha ning
mang thudc ciia B-CD véi cac hoat chat khac
nhau can duoc thuc hién, dé gitp viéc ing dung
B-CD trong nganh Dugc dugc mo rong hon.
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