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Tém tit:

Gin diy, vat liéu t6 hop polylactic axit/chitosan di dwoc sir dung 1am chit mang thudc dé diéu chinh téc dd gii
phéng thudc nhim ting hiéu qua va giam liéu diung thudc. Vit liéu t6 hop polylactic axit/chitosan mang 10-50%
thudc quinin sulfat (QS) dwoc ché tao theo phwong phap vi nhii nuéc/dau/nwéce dé nghién ciru qua trinh giai phong
QS. Anh huéng ciia ham lugng QS, do pH va dong hoc ciia qua trinh gidi phéng thude QS di dwoc nghién ciru.
Két qua cho thiy, véi miu vit lidu polylactic axit/chitosan mang ham lwong QS cang cao thi tbc d giai phong QS
cang cham. MAu vét liéu t6 hgp polylactic axit/chitosan mang 50% QS cé téc d giai phong QS nho nhit. Trong mdi
trwong pH=7,4, tbc dd giai phong QS 16n hon trong mdi trwong pH=2,0. Qua trinh giii phéng thudc QS tir vat liéu to
hop polylactic axit/chitosan/QS tudn theo mé hinh dong hoc Korsmeyer-Peppas va khuéch tan theo dinh luat Fick.

Tir khéa: chitosan, gidi phéng thude, polylactic axit, QS, vét liéu té hop.

Chi s6 phén loai: 3.4

Mé dau

Polylactic axit (PLA) va chitosan (CS) la hai polyme
thién nhién duoc ng dung rdng rai trong nhiéu linh vyc
khac nhau [1-3]. T6 hop PLA/CS duoc st dung dé lam chat
mang thude hd tro cho diéu tri cic bénh ung thu, ting huyét
ap, tim mach...[4, 5]. Nho kha ning twong tac cua thude
v6i hai polyme, nhat 1a khi t6 hop polyme PLA/CS ¢6 kich
thudc nano, thude s& giai phong nhanh ¢ giai doan dau va
c6 kiém soat & giai doan sau, vi thé gop phan ting hiéu qua
ctia thudc, giam lidu dung, giam s6 1an st dung thude trong
ngay.

Trong nghién ciru nay, chiing t6i di ché tao vat liéu to
hop PLA/CS mang thudc QS, v6i cac ham luong QS khac
nhau tir 10-50% so voi PLA theo phuong phap vinhii [6, 7].
Nghién ciru sy giai phong QS trong vat liéu t6 hop dé xéac
dinh anh huong cua ham lugng QS, anh huong ctia do pH va
xac dinh dong hoc cta qua trinh giai phong thude QS. Cac
mau vat liéu to hop polylactic axit/chitosan/quinin sulfat
(PCQS) v6i ham lwong QS tir 10-50% duge danh gia tién
trinh giai phong QS trong cac dung dich c6 pH=2 va pH=7
trong thoi gian tir 1 dén 30 gio. Day 1a cac moi truong pH
dac trung cho dung dich axit manh trong da day (pH=2) va
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dung dich kiém yéu & rudt non (pH=7,4) trong co thé nguoi.
Téc d6 giai phong QS duge danh gia thong qua gia tri ham
lugng QS giai phong ra khaéi vat liéu. Dong hoc ctia qua
trinh giai phong QS tir vét lidu t6 hop PCQS duoc xac dinh
thong qua viéc khao sat lya chon sy phu hop cac mo hinh
dong hoc bac 0 (ZO), bac mot (FO), mo6 hinh Higuchi (HG),
mod hinh Hixson-Crowell (HCW) va mo hinh Korsmeyer-
Peppas (KMP).

Noi dung nghién ciiu
Vit liéu, héa chit va thiét bi nghién ciru

- Céc hoéa chit dung dé ché tao vat liéu t6 hop PCQS
bao gdm: PLA c6 do nhét 1a 2 dL/g, khéi luong phan tur
trung binh Mw=260.000 g/mol, d6 da phan tan polyme Mw/
Mn=1,5, ¢ dang hat; CS c6 do axetyl hoa >77%, do nhot
la 1220 cP, Mn=1,61x10° Da; Polyetylen Oxit (PEO) ¢o
Mw=100.000 g/mol, nhiét d¢ thuy tinh hoa Tg=-67,0°C va
QS do hing Sigma-Aldrich san xuat.

- Phé héng ngoai bién dbi Fourier (FTIR) ghi trén thiét
bi quang phd hong ngoai bién ddi Fourier Impact 410 -
Nicolet. Mat do quang do trén thiét bi phd hap thu tir ngoai
va kha kién UV-Vis.
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Abstract:

Recently, the polylactic acid/chitosan composite has been
used as a drug carrier to regulate the drug release aim to
increase the effectiveness and decrease the drug dosage.
Polylactic acid/chitosan composite materials that carry
10-50% quinine sulfate were prepared by the water/
oilwater microemulsion method to study the release of
quinine sulfate. Effects of quinine sulfate content, pH,
and kinetics of quinine sulfate release were investigated.
The results showed that polylactic acid/chitosan
composite materials with higher quinine sulfate content
exhibited slower speed release of quinine sulfate. The
polylactic acid/chitosan composite materials that carry
50% quinine sulphate resulted in the slowest speed of
quinine sulfate release. In pH=7.4 medium, the release
rate of quinine sulfate was greater than the pH=2.0. The
process of releasing quinine sulfate from polylactic acid/
chitosan/quinine sulfate composites was in accordance
with the Korsmeyer-Peppas kinetic model and diffused
according to the Fick law.

Keywords: chitosan, composite materials, drug release,
polylactic acid, QS.

Classification number: 3.4

Phwong phap nghién ciru

- Cac mau vat liéu t6 hop PCQS vdéi cac ham lugng QS
tir 10-50% ché tao theo phuong phap vi nhil trong tu tai liéu
tham khao [6-8]. Ham lugng QS giai phong ra khéi vat liéu
dugc xac dinh bang phuong phap phén tich phd UV-Vis va
theo cong thirc: % thude giai phong = Ct/C0x100, trong do:
CO va Ct 1a lugng mang thudc va luong thude giai phong
tai thoi gian t.

- Téc do giai phong QS dugc danh gia thong qua ham
luong QS giai phong ra trong dung dich thir nghi¢ém theo
thoi gian. Khdo sat sy anh hudng ctia ham lugng mang
thudc QS dén toc do giai phong QS cua cac mau vit liéu to
hop PCQS dugc thuc hién trong hai mdéi truong pH=2 va
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pH=7,4.

- Pong hoc cia qué trinh giai phong QS tir vat lidu t6
hop dugc xac dinh thong qua khao sat danh gia sy phu hop
cua cac mod hinh dong hoc: mo hinh bac 0 (ZO): Wt = Wo +
K1.t; mo6 hinh bac mét (FO): logC =logCo - K2.t/2,303; md
hinh Higuchi (HG): W = K3.t1/2; m6 hinh Hixson-Crowell
(HCW): Wol/3 - Wt1/3 = K4.t; va md hinh Korsmeyer -
Peppas (KMP): Mt/Moo = K5.tn.

£ 2 ~ 2 a
Ket qua va thao luan

Anh huwong cua ham lwong QS dén sw gidi phong OS
tir vt liéu to hop PCOS

Céac mau vat liéu t6 hop ché tao v6i ham luong QS tir
10 dén 50% dugc ky hiéu theo thir tw: PCQS10, PCQS20,
PCQS30, PCQS40 va PCQS50. Khao sat anh huong cua
ham luong QS trong vat liéu t6 hgp PCQS dén toc do giai
phong QS dugc thuc hién trong hai dung dich c6 moi truong
axit pH=2 va kiém yéu pH=7,4.

Ham luong QS giai phong khoi cac mau vat licu PCQS
trong dung dich c6 pH=2 va pH=7,4 dugc thé hién trong
(bang 1, hinh 1) va (bang 2, hinh 2). Trong dung dich pH=2,
sau 30 gio ngdm mau ham luong QS giai phong ra tir cac vat
liéu t6 hop déu nho hon 50%. Cac miu vét liéu mang ham
luong QS lon hon 20% thi ham lugng cang 16n, lugng QS
giai phong ra cang nhé. Mau PCQS10 c¢6 ham lugng QS gidi
phong ra sau 30 gio 14 41,68%, mau PCQS20 14 44,23% (16n
nhét). Cac mau vat liu PCQS30, PCQS40 c¢6 ham lugng QS
gidi phong ra nhé hon va mau PCQS50 c¢6 ham lwong QS
giai phong ra nho nhat, chi 1a 33,41% (bang 1).

Bang 1. Ham lwong QS gidi phéng tir cic miu vat ligu PCQS
trong dung dich pH=2.

Luwong QS duge gidi phong (%)

Thaoi gian

(gi0) PCOSI0 PCQOS20 PCQS30 PCQS40 PCOS50
1 22,34 24,46 21,97 22,65 19,97
2 24,76 25,78 24,12 23,98 20,34
3 26,83 28,43 25,16 26,76 22,89
4 29,89 29,78 26,98 27,75 23,68
5 31,12 30,69 27,56 28,76 24,82
6 32,95 32,14 29,62 29,98 25,67
7 33,56 34,54 30,12 31,89 26,71
8 35,21 36,13 32,56 32,09 28,42
12 38,96 37,89 36,25 33,73 30,05
16 39,34 40,34 36,57 34,78 31,34
20 40,45 42,14 37,29 36,07 32,92
24 41,75 43,58 37,49 36,71 33,15
26 42,09 44,01 38,67 36,92 33,32
28 42,12 44,54 38,34 37,02 33,45
30 41,68 44,23 38,98 37,01 33,41
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Hinh 1. D thi giai phong QS tir cic méu vat ligu PCQS10,
PCQS20, PCQS30, PCQS40 va PCQS50 trong dung dich pH=2.

Trong dung dich c6 pH=7.4, toc d¢ giai phong QS & cac
mau vat liéu PCQS nhanh hon trong dung dich c6 pH=2. Sau
12 gio thur nghiém, ham lugng QS da giai phong ra dugc hon
50%. Mau PCQS20 c6 tc do giai phong QS 16n nhat, sau 12
gid dat 62,89%. Cac mau c6 ham lugng QS 1én hon déu co
toc do giai phong QS nho hon. Mau PCQS50 cé toe do giai
phéng QS cham nhat, sau 12 gio 1a 50,54% va sau 30 gio la
54,72% (bang 2).

Bang 2. Ham luwong QS giai phéng tir cic miu vit liéu PCQS
trong dung dich pH=74.

Lwong QS duge gidi phong (%)

Thaoi gian
(gi®) PCOSI0  PCOS20 PCOS30 PCQOS40  PCOSS0
1 32,54 34,76 29,98 26,78 29,09
p 35,78 37,89 33,56 28,98 30,96
3 36,52 42,56 35,62 34,78 33,56
4 39,12 4421 38,78 36,79 36,78
5 40,89 45,95 39,78 42,67 38,45
6 43,89 50,95 45,68 43,63 40,09
7 47,04 54,49 49,67 44,58 44,68
8 52,48 57,78 52,43 48,94 48,08
12 61,96 62,89 55,68 53,21 50,54
16 65,34 63,76 57,21 54,89 53,67
20 67,98 64,54 58,07 55,05 54,07
2 69,78 65,21 58,68 56,21 53,89
26 70,72 65,56 59,02 56,11 55,04
28 70,98 6521 58,97 56,78 54,89
30 70,03 65,78 58,79 55,98 54,72
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Hinh 2. Db thi gidi phong QS tir cic miu vat liéu PCQS10,
PCQS20, PCQS30, PCQS40 va PCQS50 trong dung dich pH=7.4.

Nhu vdy, & trong ca hai méi truong pH axit va kiém yéu,
khi ham Iugng QS cua vat liéu to hop cang cao thi tdc do
giai phong QS cang cham. R rang ham lugng QS trong vat
lidu t6 hop PCQS c6 anh huong kha rd rét dén toc do giai
phong QS. Mau vat liéu c6 ham lugng QS 1a 20% co tde do
giai phong QS 16n nhat.

Anh hwéng ciia pH dung dich dén sw gidi phong OS tiv
vit liéu to6 hgp PCOS

Miu vat liéu PCQS20 co téc do giai phong QS nhanh
nhit duoc chon dé khao sat anh huong cua pH dung dich
dén sy giai phong QS. Hai méi truong pH dugc chon thir
nghiém la dung dich c6 pH=2 va pH=7.4.

Két qua thu dugc (bang 3, hinh 3) cho thiy, pH ciia dung
dich anh huong déng ké dén sy giai phong thude QS tir vat
liéu t6 hop PCQS20. Sau 30 gid, ham lugng QS giai phong
trong dung dich pH=7,4 dat gan 70%, con trong dung dich
pH=2 chi dat 44%. R& rang, téc do giai phong QS tir vt liéu
t6 hgp PCQS20 trong dung dich kiém yéu (pH= 7,4) 16n
hon trong dung dich axit (pH=2). Piéu nay phu hop cho su
hap thy thudc tot hon & rudt non.

Su giai phong thube QS trong 12 gior dau xay ra véi toc
dd nhanh, sau 12 gio su gidi phong thude cham lai va én
dinh hon, nhu vay co thé kiém soat duoc toe do giai phong
QS néu sir dung chit twong hop POE hay diéu chinh ham
luong mang thudc khi ché tao vat liéu to hop PCQS. Diéu
nay phit hop véi cong bd ciia M. Prabaharan khi nghién ciru
vt liéu t hgp PLA/CS mang thuc Lamivudin [5].
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Bing 3. Ham lwgng QS giai phéng tir miu vt liéu PCQS20 trong
dung dich pH=2 va pH =74.

Thoi gian % QS % QS
(gid) ¢ pH=2,0 & pH=7,4
1 24,46 34,76
2 25,78 37,89
3 28,43 42,56
4 29,78 44,21
5 30,69 45,95
6 32,14 50,95
7 34,54 54,49
8 36,13 57,78
12 37,89 62,89
16 40,34 63,76
20 42,14 64,54
24 43,58 65,21
26 44,01 65,56
28 44,54 65,21
30 44,23 65,78
PCQS20
70 -
— 60 -
=
«© 50 -
=]
£
o 40 -
c
2
s 30 -
p —e—pH=2
) J
20 —a—pH=74
10 -
0 % T T T 1
0 10 200 30 40
Thei gian (gio’)

Hinh 3. Db thi gidi phéng QS tir vat liéu PCQS20 trong cic dung
dich pH=2 va pH=7,4.

Dong hoc qua trinh gidai phong QS tir vit liéu ] hop
PCOS

Nghién ctu dong hoc giai phong QS tu cac vat li¢u
t6 hop PCQS trong dung dich pH=2 va pH=7,4 duoc tién
hanh dya vao viéc phan tich, danh gia qua trinh giai phong
QS theo cac md hinh dong hoc: bac 0, bac mdt, mo hinh
Higuchi, m6 hinh Hixson-Crowell va mo6 hinh Korsmeyer-
Peppas.

Céc két qua vé ham luong QS giai phong tir cac mau vat
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liéu PCQS trong cac dung dich pH=2 va pH=7,4 theo thoi
glan tur 1-30 gio dugc tinh toan theo cdc mo hinh dong hoc,
bang cong cu xir Iy thong ké MS-Excel dé phan tich hoi quy
va xdy dung phuong trinh dong hoc. Tur két qua phan tich
hdi quy va xay dung phuong trinh dong hoc co thé xac dinh
duoc dong hoc qua trinh giai phong QS cuia cac mau vt lidu
t6 hop PCQS, nhim tim ra co ché giai phong thude ctia chat
mang thudc.

Do thi, phuong trinh dong hoc va cac hé s6 hoi quy
twong tmg véi cac md hinh dong hoc qua trinh gidi phong
QS khoi miu vat liéu PCQS20 trong dung dich pH=2 thu
dugc dugc thé hién & cac hinh 4-8.
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Hinh 4. Phwong trinh dgng hoc bac 0 phan anh sw phu thugc ham
lugng QS dwoc gidi phong tir vat lidu td hop PCQS20 trong dung
dich pH=2 theo thoi gian.
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Hinh 5. Phwong trinh dgng hoc bac 1 phan anh sw phu thugec ham
lwgng QS dwge giai phong tir vat liéu to hgp PCQS20 trong dung
dich pH=2 theo thoi gian.



Mo hinh Higuchi - PCQS20

y=4.553x +20.79
R2=0.976

Giai phéng thudc (%)

ti' /2

Hinh 6. Phwong trinh dgng hoc theo mé hinh Higuchi phan dnh
s phu thudc ham lwong QS dwoc gidi phong tir vét liéu t6 hop
PCQS20 trong dung dich pH=2 theo thoi gian.

2,1
18 4, Mo hinh Hixson-Crowell - PCQS20
1,5 -
@
o 1,2 A
=
[
7z 097 y=-0,019x + 1,626
=06 -
2=0.89
03 -
0 . . .
0 10 20 30 40
Thoi gian (gio)

Hinh 7. Phwong trinh déng hoc theo mé hinh Hixson-Crowell
phan anh sy phu thudc ham lugng QS dugrc gidi phong tir vét li¢u
td hop PCQS20 trong dung dich pH=2 theo thoi gian.
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Hinh 8. Phwong trinh dong hoc theo mo hinh Korsmeyer-Pepas
phéan anh sy phu thugc ham lwgng QS dwoc giai phong tir vat liéu
t6 hop PCQS20 trong dung dich pH=2 theo thoi gian.
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Phan tich dong hoc giai phong QS cua mau vat ligu
PCQS20 trong dung dich pH= 2 theo thdi gian cho thiy
phuong trinh hdi quy tuyén tinh theo mé hinh Korsmeyer-
Pepas c6 hé s twong quan R? 16n nhét (R*=0,984). 6 thi
mb ta sy giai phong thude theo thoi gian thir nghiém phu
hop v6i phuong trinh ham s mii Korsmeyer-Peppas: Mt/
Meo = K.tn. Trong d6: Mt/Meo 1a ham giai phong thude
QS theo thoi gian, K 14 hing s dic trung cho hé thube -
polyme va n 14 tham s6 thuc nghiém dic trung cho co ché
giai phong thudc.

Theo m6 hinh Korsmeyer-Peppas dong hoc giai phong
QS tir vét liéu PCQS20 ¢6 hing s6 khuéch tan K=0,193<0,43
tuan theo dinh ludt Fick (bang 4). Trc 13, lugng thude QS
khuéch tan qua mot don vi bé mat vat liéu vuong goc voi
phuong khuéch tan va ty 16 v6i gradient ndng do, thude tir
noi ¢6 ndng do cao khuéch tan dén noi c6 ndng do thap.

Bing 4. Hing s6 khuéch tin theo md hinh Korsmeyer-Peppas va
co ché khuéch tan.

Hiing s6 khuéch tin (K)  Co ché khuéch tan

<043 Khuéch tan Fick

0,45<K<0,85 Khuéch tan khong Fick

K>0.85 Khong tuan theo Fick, dong hoc bac mot, bac

khong

Phan tich phuong trinh hdi quy va céc tham s6 dong
hoc qua trinh giai phéng QS tir cac mau vat liéu PCQS10,
PCQS30, PCQS40, PCQS50 theo cac md hinh dong hoc
tuong Ung, trong moi truong pH=2 va pH=7,4 ciing thu
duogc két qua trong tw nhu mau PCQS20 (bang 5 va 6).

Bing 5. Cac tham sb ciia cic phwong trinh dong hoc gidi phong
QS tir cac vat liéu t6 hop PCQS trong dung dich pH=2.

M0 hinh PCQS10 PCQS30 PCQS40 PCQS50

R? 0,821 0,849 0,833 0,867
Z0

K 0,592 0,532 0,433 0,445

R? 0,821 0,865 0,848 0,899
FO

K 0,592 0,007 0,421 0,43

R? 0,932 0,970 0,934 0,964
HG

K 5,065 3,694 3,061 3,083

R? 0,858 0,881 0,815 0,871
HCW

K 0,578 -0,017 -0,014 -0,015

R? 0,982 0,986 0,979 0,979
KMP

K 0,193 0,177 0,152 0,169

9
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Bing 6. Cac tham sb ciia cic phwong trinh dong hoc giai phong
QS tir vat lidu td hop PCQS trong dung dich pH=7,4.

M6 hinh PCQS10  PCQS20  PCQS30  PCQS40  PCQS50
D R? 0,898 0,771 0,76 0,755 0,799
1,371 0,953 0,903 0,883 0,832
- R? 0,859 0,724 0,712 0,687 0,753
K 0,011 0,007 0,008 0,008 0,008
- R? 0,949 0,880 0,867 0,871 0,895
K 9,723 7,020 6,658 6,542 6,077
R? 0,934 0,790 0,768 0,747 0,813
HCW
K 0,031 0,021 0,022 0,022 0,021
R? 0,859 0,924 0,948 0,918 0,947
KMP
K 0,026 0,018 0,018 0,019 0,019

Céc két qua ¢ bang 5 va 6 cho thiy trong ca hai dung
dich pH=2 va pH=7,4, cac mau vit liéu PCQS10, PCQS20,
PCQS30, PCQS40 va PCQS50 déu c6 phuong trinh hdi quy
phan anh sy giai phong QS vai hé s6 hodi quy R? 16n nhat,
gin bang 1 va tuan theo mo hinh Korsmeyer-Peppas. Hang
s6 khuéeh tan K & mau PCQS10 1a 0,193 (pH=2) va 0,026
(pH=7,4); mau PCQS30 1a 0,177 va 0,018; mau PCQS40
12 0,152 va 0,019; mau PCQS50 1a 0,169 va 0,019, tat ca
déu nho hon 0,43, ching t6 tuan theo dinh luét Fick. Qua
trinh giai phong QS tir cac mau vat liéu PCQS theo mo hinh
dong hoc bac 0 va m6 hinh dong hoc bac 1 thé hién khong
13 rang vi c6 hé sé hoi quy kha thip, dic biét trong dung
dich pH=7,4 miu PCQS40 chi dat 0,687. Diéu nay 1a do qua
trinh giai phong QS tir vat liéu t6 hop PCQS chia thanh 2
giai doan, trong 12 gid dau toc d6 giai phong nhanh, sau 12
gio sy giai phong co kiém soat, toe do giai phong cham dan
va c6 tinh 6n dinh. Day cling chinh la mét trong cac muc
tiéu can dat dugc dé kiém soat qua trinh giai phong thude tir
vt liéu t6 hgp PCQS mang thude.

Nhu vay, qué trinh gidi phong QS tir cac mau vat lidu
PCQS tuan theo md hinh dong hoc Korsmeyer-Peppas. Su
khuéch tan QS vao dung dich giai phéng thudc tudn theo
dinh luat Fick.

Keét luan

Qué trinh giai phong thude QS khoi vat lidu t hop mang
thudc polylactic axit/chitosan/quinin sulfat (PCQS) chiu
anh huong boi ham lugng thudc mang trong vat liéu. Vat
liéu mang thudc cang 16n thi tbc do giai phong thude cang
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chdm. Véi mau vat liéu mang 10-20% thudc QS co toc do
giai phong thuoe nhanh nhat.

Trong dung dich c6 méi trudng axit, tc d giai phong
thude QS tir cac mau vat ligu t6 hop PCQS cham hon trong
dung dich c6 méi truong kiém yéu (pH—7 4). Qua trinh giai
phong QS trong méi trudng kiém yéu dién ra theo hai giai
doan, trong 12 gid diu sy giai phong dién ra nhanh hon, sau
12 gid dau sy giai phong cham hon va c6 sy kiém soat boi
dong hoc cua qua trinh.

Qua trinh giai phong thude QS tir vat liéu t6 hop PCQS
tuan theo md hinh dong hoc giai phong thuéc Korsmeyer-
Peppas. Su khuéch tan QS vao dung dich giai phong tuan
theo dinh luat Fick.
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