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SUMMARY

Ti(PLB), COMPLEX: APPLICATIONS IN TITANIUM ANALYSIS BY UV-VIS
METHOD AND ANTIBACTERIAL/ANTIDIABETIC PROPERTIES IN SILICO

This research demonstrates that the Ti(PLB), complex in solution exhibits a maximum absorption
wavelength of 500 nm, the complex has a composition of 1:2, remains stable after 3 minutes at
pH=5. It shows linear concentration in the range of 2x10° - 9x10° M, with ¢ = 5.47x10° and a
stability constant is 8.6x10". The research results indicate that the Ti(PLB), complex can be utilized
for titanium analysis in solution, as evidenced by barrier ions and repeatability. The Ti(PLB),
complex showed inhibition of S. aureus bacteria. Furthermore, it inhibited the o-glucosidase
enzyme in silico through computational models. Calculation results show that the structure of the
Ti(PLB), complex is pose 159, which is well bound to the 3TOP enzyme, with AG® = -7.66 Kcal.mol’
! and inhibition constant, Ki=2.43uM, in-depth analysis shows that the complex inhibits the 3TOP
enzyme uncompletely. Research pharmacokinetics as drugs, ADMET showed that the complex was
less soluble in water (logs and log D) and pharmacological parameters, including drug absorption,
drug distribution, drug metabolism, drug excretion and drug toxicity were all within allowable
limits. The Ti(PLB), complex exhibits strong inhibitory activity against a-glucosidase with an 1C50
value of 48.47uM. This research enhances our understanding of how Plumbagin complexes with
metal ions can be used for various purposes.

Keywords: Complex of Ti and Plumbagin, UV-vis, antibacterial activity, ADMEI, Docking.

1. MO PAU

Plumbagin (PLB) 1a mot hop chat ty nhién chiét
Xuét tir ré cay Bach hoa xa (Plumbago zeylanica
L.). PLB dugc biét dén véi kha ning chong ung thu
hiéu qua trén nhiéu dong té bao ung thu khic nhau
nhu va, ¢b tir cung, da day, phdi, tuyén tién liét va
céc khéi u &c tinh khac. Hop chét nay cé kha ning
kich hoat qué trinh apoptosis (té bao chét theo
chuong trinh) va tao ra cac loai oxy phan wng
(ROS), thé hién hiéu qua ngay ca & nong do thap
[1,2]. Bén canh kha ning chng ung thu, PLB con

so hiru nhiéu hoat tinh sinh hoc khac nhu chdng
viém, didu tri dai thdo duong, chdng oxy hoa,
khang khuan, khang nim, chéng xo vira dong mach
va giam dau [3,4]. PLB tac dong dén qua trinh ung
thu bang cach dao ngugc chu ky té bao, chdng hinh
thanh mach mau, ngin chin sy xam lan va di cin
cua té bao ung thu [5]. Do tim quan trong cua cac
tac dong nay, PLB duoc nghién cau rong rai.
Ngoai ra, cac phuc chit cua PLB véi kim loai ciing
dang thu hut sy quan tdm 16n trong cong dong khoa
hoc, danh dau su can thiét cua viéc tiép tuc nghién
clru sau hon vé céc tinh niang va wng dung cua no.



Titanium (Ti), mot kim loai ¢c6 mau tring bac, la
nguyén té phd bién tha chin trong vo trai dat, ti
trong thap va do bén cao [6]. Ti(IV) c6 vai trd quan
trong trong nhiéu linh vuc nhu khoa hoc, néng
nghiép va cong nghiép, dic biét trong y té, trang
sic va dugc pham, ndi bat véi dic tinh khong doc
hai ngay ca & liéu lugng lon [7]. Ti(IV) c6 kha
nang tao phic véi nhiéu loai phéi tu, tao ra céc hop
chit c6 doc tinh thap. Khi thiy phan, Ti(IV) tao
thanh titanium dioxide (TiO,), mét hop chét tuong
dbi tro va an toan. Cac phirc chat cua Ti(IV) dac
biét dwoc chl y vi tiém nang trong viéc phat trién
cac thudc chong ung thu [8].

Trong mot nghién cuu trude d6, cac tac gia da
khéam pha phirc chit caa PLB véi Ti(IV) trong dung
dich str dung phuong phap huynh quang [9].

Trong nghién ctru nay, sé di sau vao viéc khao sat
cac dac diém cua viéc tao phuc trong dung dich
bang phuong phap UV-vis, dong thoi kham pha cac
g dung tiém ning nhu phan tich dinh luong, kha
nang khang khuan, khéng tiéu duong, va ang dung
cac mo hinh tinh todn trong qua trinh nghién cuu.

2. THUC NGHIEM
2.1. Thiét bi vat tu, héa chit

May do phd UV-vis: HITACHI UH5300; May do
pH: Hanna HI 2210; May quang phd: BioTek; Can
phan tich; Cac dung cu thi nghiém thong thuong.

PLB dugc mua tr Cong ty Sigma-Aldrich
(Singapore); Cac dung mdi va hoa chat khac nhu
ethanol, Ti(NH,),Fs, acid nitric (HNOs), acid
clohydric (HCI), natri hydroxide (NaOH), va céac
mudi kim loai déu 1a loai tinh khiét duoc mua tur
Merck; Dung dich PLB véi ndng d6 2x10° M va
phttc Ti(PLB), v6i ndng do 2x10° M duoc pha
trong hdn hop ethanol va nudc cat theo ti 1& 7:3;
Phtc rin Ti(PLB), dugc tong hop theo phuong
phap dugc mo ta trong tai liéu [9].

Men Yeast a-glucosidase, p-nitrophenyl-a-D-
glucopyranoside (pNPG), va 4-Nitrophenol déu
dugc mua tir hdng Sigma.

2.3. Phwong phap thuc nghiém

2.3.1. Khao sat qua trinh tgo phuc

Qué trinh tao phtrc dugc nghién cuu st dung
phuong phap UV-vis, véi tbc do quét 800 nm/phuit
va khoang cach di liéu 1a 2 nm.

Thanh phan phuc, hé sé hap thu mol (¢), va hang
s6 bén duge xac dinh qua phuong phap bién doi
lién tuc (Job’s method) [10].

2.3.2. Khdo sat kha ndng khdng khudn

Panh gia kha ning khang khuan cua Ti(PLB), dbi
V6i vi khuan gram duong Staphylococcus aureus
(ATCC 23235) va gram am Escherichia coli
(ATCC 11229) st dung phuong phap khuéch tan
dia thach trén méi truong Muller Hinton Agar
(MHA) [11].

2.3.3. Xdc dinh hogt tinh uc ché enzyme a-
glucosidase

Phuong phép thuc hién trén dia 96 giéng [12], véi
mau tht duoc pha lodng bing DMSO 100% va
nong do cubi tir 500 dén 4 pg/mL. Po d6 hap thy
guang (OD) & budc song 405 nm biang méay do
ELISA Plate Reader, sir dung acarbose lam chat
tham khao. Kha niang wc ché enzyme o -
glucosidase cua mau thir duge xac dinh bang cong
thire: Do ac ché (%) =100-[(ODymay tho/ODaéi ching)
x100].

2.3.4. Nghién cizu hogt tinh sinh hoc trong silico
docking

Viéc docking phan to caa phuac Ti(PLB), voi
enzyme 3TOP dugc thuc hién dé du doan hoat tinh
sinh hoc cua phic chét nay trong nghién ctu phat
trién thudc chdng dai thao duong loai 2. Qua trinh
nay dua trén kha ning ¢ ché enzyme 3TOP, véi
ciu tric dugc lay tir co so dit lieu protein PDB
(https://www.rcsh.org/structure/3TOP).  Docking
phuc hitu co kim loai nhu Ti(PLB), dac biét phac
tap va yéu cdu thay dbi so véi quy trinh chuan,
theo so dd dugc minh hoa trong Hinh 1. Bé thuc
hién docking, can chuin bj cac file di liéu lién
quan dén ion kim loai nhu ADA4.1 bound.dat,
AD4.1 compact.dat, Ad4.1_extended.dat, va
AD4_parameters.dat. Trong qua trinh nay, file cau
tric enzyme 3TOP.pdb can dugc tinh chinh bang
cach loai bo nudc va cac di vong, va sau dé kiém
tra tinh hop 1¢ cuia cu tric enzyme théng qua phan
mém Swiss PDB viewer.


https://www.rcsb.org/structure/3TOP

Chuén bj file tham
s0 chay docking.exe

Chon phan tir
target.pdbqt
Chon ligand
Xiic nhn
tham s6 ligand
Chon gidi
thujt gene

Chon gidi thuat
di truyén

Luru file dang
doc.dpf

Xay dyng két qua bing phin mém:
Discovery studio, Visualizer,
Molegro Molecular Viewer; Danh
gid gid tri md hinh (RMSD)

Doc target tir
Autodock
Thém LK hydrogen
phan cye
Thém dién tich
Kollman
Chon protein myc
tiéu
Luru file dang:
target.pdbqt

Poc ligand tir
Autodock
Thém cic nguyén tir
kiéu AD4

Thém lién két
hydrogen
phén cuc

Thém di¢n tich
Gasteiger

i, (X,Y.2)
Luu file dang: dock.gpf
ligand.pdbqt

' Tap I¢gnh tir h¢ Két qua tinh todn:
dock.dlg

Hinh 1. So do docking chung ciia mér ligand dén
enzyme dich dé dir béo hogt tinh sinh hoc cia phuic
Ti(PLB),

File tham s gird aé
chay autogrid4.exe

Chon va mi file
ligand.pdbqt

Dt tham sé
toa dj tam hip ludi,
khodng cich tim hp

dgp qury,

M5 hinh nay dugc du bao dac tinh hoa ly va duogc
dong hoc nhu thudc dua trén nén tang web duogc
thuc hién mot cach day du cac dic tinh nhu thude
cua phuc Ti(PLB),: hap thu thudc, phan b thudc,
trao d6i thude, dao thai thude va doc té thude [13-
14].

3. Két qua va thao luan

3.1. Nghién ctru sw tao phirc cia PLB véi Ti(1V)
trong dung dich

Trong mdi trudng acid, PLB ¢6 dinh hap thu cuc
dai (UV-vis) & 268 nm, cudng dd6 manh twong (rng

v6i cac chuyén tiép dién tor benzenoid va
quinonoid, va ¢ 418 nm c6 cuong do thap, thé hién
chuyén tiép cuc bo co thé Ia chuyén tiép n—m* [9,
15]. Khi Ti(IV) dugc thém vao dung dich PLB
trong méi truong acid, cuong d6 ¢ dinh 418 giam
va dich chuyén gan dén 500 nm (hinh 2a) diéu nay
chi ra sy bién d6i ciia hé thng lién két n—z* [15].
Dung dich chuyén tir mau vang nhat sang mau do
hong. Cac két qua nay phd hop vai két qua cua
nghién ctu huynh quang trudc day. Pay la diu
hiéu ma nghién ctru nay ding dé tham do cho céac
nghién ctu vé sau. Tin hiéu khi ting nong do
Ti(IV) thi c6 cudong do peak tai 500 nm ting (hinh
2b) 1a co s& dé nghién ctu kha ning Gng dung cua
phuac vao phan tich.

(a)

—-PLB
—— PLB-TIgV)

=
W

=

Absorbance (a.u.)
»
=
=

. Absorbance (a.u.)

-
L
N

350 400 450 500 550 GO0 G
Wavelength{nm)

0 350 400 450 500 550 600 650

Wavelength{nm)

Hinh 2. (a) Phé UV vis cia dung dich PLB,
Ti(PLB), trong méi truong acid; (b) Phd UV vis
Ti(PLB), khi nong dg phirc tang dan 0.1x10°M -

0.9x10"°M (dung d;ch so sanh |a PLB).
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Hinh 3. (a) Anh huong cia pH; (0) DG bén cuia phiic theo thoi gian. (C) Anh hurong ciia mét sé kim logi;
(d) Thanh phan phize theo phirong phdp Job

Céc yéu t6 anh huong dén sy hinh thanh phic nhur:
pH, anh huong caa ion la, thoi gian, ... cling duoc
khao sat. Két qua nghién ciu chi ra ¢ hinh 3a cho
thdy gi tri pH t6i wu nam trong khoang tir 4,0 dén
6,0, do khoang pH t&i uu kha rong nén ching toi
khong can sir dung dém trong cac nghién cuu tiép
theo va quyét dinh thuc hién céc thi nghiém trong
moi truong ¢ pH = 5; phac s& hinh thanh sau 3
phdt va on dinh trong vong 20 phdt (hinh 3b), cac
thi nghiém tiép theo s& dugc tién hanh trong
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khoang thoi gian 5 phdt sau khi pha hdn hgp gom
PLB va Ti(lV); két qua khao sat cho thay céc ion
kim loai khéng anh huéng dén phuc trong diéu
kién thi nghiém (hinh 3c) diéu nay gép phan cho
viéc nghién cau phan tich Ti(IV) trong dung dich
mot cach chon loc.

Dwva vao hinh 3d ta tinh dugc ty I€
(CpLe)/(Crit+Cpg) = 0,67 va V(CTi)/(CTi"'CPLB) =
0,33. suy ra (Cj)/CpLg = 1/2. Két qua nay cho thay
ring phuc c6 dang Ti(PLB),. Diéu nay hoan toan



phu hgp véi céc tinh todn md phong, thuc nghiém
& phd huynh quang va dic biét phd ESI MS. Db thi
tuyén tinh ciia nong do Ti(IV) va do hap thu quang
(A) tai busc séng 500 nm c6 phuong trinh: A =
0,318x.10°5C (mol/L) + 0,026 (R2 = 0,9962). Trén co
s& cac két qua thuc nghiém, tinh dwoc hé sb hap
thy mol 1a & = 5,47x10° va hing sb can bing K =
8,6x10",

So sanh vai cac thudc thir da dugc nghién ciu nhu
phicc Ti(IV) véi PAR hoic PAN; MTX - Ti(IV) -
H,0,, 3,4-dihydroxybenzoic acid, TAC thi phic cua
Ti(PLBY), c6 kha nang tuong tu thudc thir PAR, PAN,
TAC nhung khong nhay bang phan tng cia MTX -
Ti(IV) - H,0, [16- 17]. Do d6 néu nghién ciu ap
dung phirc Ti(PLB), vao phan tich dinh lwong bang
UV-vis hy vong day s€ la phuong phap don gian, chi
phi thp, c6 tinh chon loc va do nhay cao.

3.2. Khi ning khang khuin

Trudc tién, vi khuan & mat ¢6 10° CFU/mL duoc
cdy trai trén dia thach, sau d6 sir dung dung cu
chuyén dung dé tao giéng co6 duong kinh 6 mm.
Phirc Ti(PLB), duoc pha thanh cac ndng do 12.5,

3.3. Khi ning wc ché Enzyme alpha-glucosidase

25, 50, 100 mg/mL trong DMSO va 100 pL cua
mdi nong do dugc dua vao tiing giéng. Pdi ching
duong dugc su dung la penicillin cho S. aureus va
gentamycin cho E. coli, trong khi d6i ching am 1a
DMSO. U dia & 37°C trong 18-24 gio. St dung
thudc do tidu chuan dé do duong kinh vong khang
khuan.

Hinh 4. (a)Ti(PLB), khong ic ché si phat trién
cua E. coli; (b)Ti(PLB), c6 kha ndng irc ché si
phét trién cua S. aureus

Két qua cho thay phac Ti(PLB), c6 kha ning tc
ché manh su phat trién cua vi khuan S. aureus, véi
kich thudc vong khang khuan dat 16 mm khi sir
dung ¢ ndng d6 100 mg/mL (hinh 4b). cac nghién
clru trudc day chi ra rang PLB c6 kha ning uc ché
su phat trién cua S. aureus bao gém ca cac ching
khéng thudc va E. coli [18-19].

Bdng 1. Tdc dgng itc ché alpha-glucosidase ciia mau nghién cizu

Nong do PLB-Ti Acarbose
(HM) B SD B SD
500 98,01 1,64 77,02 1,21
100 83,81 1,55 50.92 1,22
20 17,98 1,34 18,03 0,59
4 2,35 0,16 7,85 0,56
1Cs 48,47 £ 1,94 121,50+ 4,88

Két qua & bang 1 cho thiy, phuc chat Ti(PLB), c6
hiéu qua tc ché enzyme a-glucosidase dang ké,
dic biét 1a & nong do cao. Tai ndng do 500 uM,
Ti(PLB), wc ché duoc 98,01% hoat dong cua
enzyme, cao hon so voi Acarbose, mot chit uc ché
tiéu chuan, chi tc ché dugc 77,02%. Tai cac ndng
d6 thap hon, Ti(PLB), van cho thiy kha ning wrc
ché tét hon Acarbose, ching han ¢ ndng do 100
UM, Ti(PLB), trc ché 83,81% so véi 50,92% cua
Acarbose. Ti(PLB), c6 gia tri IC50 la 48,47 uM,
thip hon nhiéu so v&i Acarbose (121.50 pM). Diédu
nay chi ra rang Ti(PLB), c6 kha ning uc ché manh
mé& hon Acarbose ddi véi enzyme a-glucosidase.

11

3.4. Nghién cau hoat tinh sinh hoc trong silico
docking

In silico docking

Pose 159 la dang bén nhét cua phic Ti(PLB), sau
khi dugc so sanh véi 500 dang cua ligand thdng
qua qud trinh docking véi enzyme 3TOP: BDP.
Qué trinh nay nham du bao kha nang tuong tac ctia
phuac Ti(PLB), véi enzyme - glucosidase. Kha
niang tc ché hiéu qua enzyme nay bai phic
Ti(PLB), cho thay tiém nang cua nd trong viéc lam
cham qua trinh phan hay duong, tir d6 c6 thé phat
trién thanh thudc diéu tri bénh tiéu duong tuyp 2.



V& mit nhiét dong hoc, pose 159 da gin két vao
khoang hoat tinh ctia enzyme véi gid tri nang lugng
tu do Gibbs, AG® = -7.66 Kcal.mol™ va mot hing
s6 wc ché, Ki= 2.43 pM va chitng minh rang phan
ung la xay ra. Tuong tac gitra pose 159 va tdm hoat
tinh trén enzyme dugc trinh bay trong hinh 5a. Céc
tuong tac cta pose 159 véi enzyme duoc chia
thanh 3 phan: phan nhan dién protein c¢6 cac twong
tac pi-cation va pi-anion dugc hinh thanh tr Arg
1097 caa chudi A va Glu 1095 ciia chudi B dén h¢
thong dién tir pi cia vong phenyl; tuong tac amide
pi- stacked tir Gly 1102 va lién két pi-sigma tir Thr
1103 cuia chudi B dén hé thong dién tir pi cua vong
thom; phan linker (day) gom tuong tac pi-alkyl tir

ARG )
8:1097, :
= 6.32 736
GLU
2 ®®
110
6.9¢

99

Lys 1088 ctia chudi A dén hé thong dién tir pi cia
vong quinone lién hop trén cau tric cua phuc. Tat
Cé cac twong tic ndy thudc vé twong tic yéu va la
tuong tac ky long (hydrophilic interactions); Phan
nhém chuc cua pose khéng c6 su hinh thanh lién
két hydrogen tir pose 159 dén céc phan tir hoat tinh
trén 3TOP, lién két H-bond nay déng vai tro quan
trong trong twong tac thudc, kha ning hoa tan trong
nuéc hodc dung moi phan cuc va dan dén két luan
chung trong mé hinh twong tac ligand, pose 159
khong wc ché tot enzyme 3TOP va mat tuong tac
va khong phat trién thudc khang tiéu duong trén co
so phuc phic Ti(PLB), [20-22].

(b)

Gin 11090

Asp 11070

Arg 10970

Hinh 5. (a) Twong tic giwa cau dang téi wu ciia phirc Ti(PLB),, pose 159/500 va enzyme 3TOP: PDB trén
mét so dé 2 chiéu; (b) Bdn do ligand trinh bay cdc twong tdc thir cap giiza 3TOP va pose 159

M hinh dwoge dong hoc nhw thuéc ADMET

Thong sé héa Iy cua phirc duoc trinh bay trong
bang 1, cho thiy cac théng sé déu trong pham vi
cho phép, chi c6 gia tri LogP vuot ra ngoai pham
vi, gia tri cao cho thay phirc ndy c6 hé sb phan b
trong nudc nho hon trong pha dau, gié tri log S &m

cho thdy do hoa tan trong nudc cia phuc thap. Cac
thong sé duoc hoc, sy hip thu, kha ning phan b,
trao ddi chét, sy dao thai thudc, do td thude va doc
t6 moéi truong da duoc tinh toan tuy nhién trong
khudn khé bai bao khong thé trinh bay hét céc
thong s6 nay.

Bang 2. Thong sé hoa Iy cia phirc Ti(PLB),

Tinh chat Gi tri Gia tri ti wu
Mol phéan tir 422.03 100-600
Thé tich 358.180  Thé tich Van der Waals
Ty trong 1178 Ty trong = Mol phan tir : Thé tich
S6 luong chat nhan lién két hydrogen 6 S6 lwong chat nhan lién két hydro: 0-12
S6 lwong chat cho lién két hydro 0 .0-7
S6 luong lién két quay 0 0-11
S6 nguyén tir trong vong Ién nhat. 12 0-18
S6 nguyén tir di vong 1-15
bién tich hinh thic -4-4
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Tinh chat Gia tri Gia tri ti wu
S6 luong lién két cung 32 0-30
Tinh linh hoat 0 Tinh linh h?atiSf')’luQng lién két quay:
S6 luong lién két cing
S tam lap thé 0 2
Dién tich bé mat phan cuc topd. 75,2 0-140
logS -5,941 Log S. Téi wu: -4- 0,5 log mol/L
logP 4,073 LogP octanol/nuéc. Tdi wu: 0-3
logD 2,543 logD & pH sinh 1y 7,4. Téi wu: 1-3

Thong sé duoc hoc cho thay thude dap ung luat
Lipinski, Pfizer, va Goden Triange. Thong sé hap
thu thudc cho thiy dap tng hoan toan, trong khi chi
s6 P-gp 1a 1, chi ra rang thudc ¢ kha nang wc ché
glycoprotein. Céc théng sé phan phdi thudc cho
thiy gia tri PPB (plasma protein binding) 96.6%
I6n hon gia tri tbi wu (< 90%) cho thdy chi muc
diéu trj thap cua thudc. Céc chi s trao d6i chat cua
thuéc cho thay thudc c6 kha niang tc ché cac
enzyme hoic co chit CYP 1A2, 2C19, 2C9, 2D6,
3A4 ma cac phan ttng ndy xay ra trong gan nguoi.
Céc thdng sé doc td thude cho thdy gia tri AMES
can duoc quan tdm. Thong sé doc t6 méi truong
hoan toan dap @ng. Két qua moé phong tinh toén
cling cho thdy phuc Ti(PLB), c6 kha ning trc ché
t6t enzyme a-glucosidase nhung khong cao.

4. KET LUAN

Nghién ctru phtic chat PLB véi Ti(1V) trong dung
dich st dung phuong phap UV-vis d3 dua ra cac
két qua dang chii y. Phirc Ti(PLB), c6 budc song
hip thu cuc dai tai 500 nm, ty Ié cua phuc 1a 1:2,
hé s& hap thu mol 1a & = 5.47x10° va hiang s6 can
bing K = 8.6x10*. Trong méi trudng acid, phirc
nay cé tinh chon loc cao. Ngoai ra, Ti(PLB), con
c6 kha ning Gc ché manh sy phét trién cua vi
khuan S. aureus. Két qua nghién ctu in vitro cho
thiy Phuc chat Ti(PLB), c6 gié tri 1Cs la 48.47
UM, thip hon nhiéu so véi Acarbose (121.50 M)
v6i két qua nay phic Ti(PLB), 13 mot hop chit day
hira hen cho viéc phét trién thudc trong diéu tri
bénh tiéu duong nho vao hiéu qua e ché enzyme
a-glucosidase cua no.

Loi cam on: Nhom tac gia xin cam Khoa Cdng
nghé Hoéa hoc -truong Pai hoc Cong nghiép Thanh
phd H5 Chi Minh va Trung tdm phan tich va thuc
nghiém thanh phé H6 Chi Minh.
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