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Pectin is a naturally occurring compound possessing nontoxicity, high
stability and low cost which is widely used to manufacture drug
carriers in order to improve drug efficacy and reduce drug dosage.
Previous study led to a successful production of micro curcumin bead
using ionotropic gelation method by complexation of low methoxyl
amidated pectin as drug carrier, surfactant Solutol® HS 15 and
divalent cation Ca?*. In this study, the in vitro dissolution of curcumin
from micro curcumin beads was carried out in order to evaluate these
of protective effectiveness in the acid medium (pH = 1.2), as well as
these of controlled release in the base medium (pH 7.4). The results
showed that the release of curcumin from beads was delayed in the
pH = 1.2 medium. In contrary, when the pH changed to 7.4, the
highest release of curcumin in S10 and S15 beads was achieved after
100 minutes of dissolution, and the slope of release was started
controlling after this point of time. The mechanism of curcumin
release from beads in intestinal medium was fitted in Korsmeyer-
Peppas model. The diffusion of curcumin was influenced by both
Fickian diffusion and polymer swelling.
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Pectin c6 nguon goc ty nhién, gia thanh ré, khong gay doc, do on
dinh cao, duoc sir dung phé bién trong ché tao hé mang thuc nhiam
tang hiéu qua va giam sb 1an sir dung thudc. Trong nghién ciru trudc,
nang micro curcumin duoc bao ché thanh céng bang cong nghé tao
gel ion, két hop sir dung low methoxyl amidated pectin lam hé mang
thudc, chat hoat dong bé mit Solutol® HS 15 va ion Ca2*. Nghién ciu
nay tiép tuc tién hanh danh gia qué trinh giai phong curcumin tir nang
micro trong moi truong in vitro nham danh gia hiéu qua bao vé nang
micro khoi méi truong acid va qué trinh giai phong cé kiém soét
curcumin tir nang micro trong méi truong kiém. Két qua nghién ctu
cho thay, nang micro curcumin khong hoa tan trong méi truong pH =
1,2. Nguoc lai, trong mdi truong c6 pH = 7,4, nang micro S10 va S15
¢6 ham lwong curcumin duoc giai phong dat gia tri cao nhét trong
100 phit dau va sau d6 bi kiém soét giai phong. Qua trinh giai phéng
curcumin tir cac nang micro trong méi treong c¢d pH = 7,4 tudn theo
mo hinh Korsmeyer-Peppas. Sy khuéch tan cua curcumin tir nang
micro vao mdi trudng giai phong theo dang két hop giita khuéch tan
phu thudc vao ndng do cua dung mai theo dinh luat Fick va khuéch
tan phu thudc vao su gién nd polymer.
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1. Pat van dé

Pectin 1a mot polymer tu nhién c6 nguon géc tur thanh t& bao thuc vat va duoc cu tao gom
mot chudi cac phan tir acid D-galacturonic lién két voi nhau boi céc lién két o-1,4 glycosidic [1]-
[3]. Pectin duoc str dung rong rai trong ché tao hé mang thudc do dic tinh khong gay doc, dé tan
trong nudc, d6 on dinh cao, kha nang tao gel va dé bi phan hay bai cac vi sinh vat 6 trong hé
tiéu hoa ¢ nguoi [4], [5]. M6t so nghién cuu trong nhimg ndm gan déy tap trung vao viéc tim
kiém dan xuat cua pectin c6 kha nang tan dugc trong cac moi truong c6 do pH khac nhau nhu da
day, rudt non, dai truc trang ma van gitr dac tinh thay phan béi enzyme tiéu hoa, dong thoi kiém
soat duoc qua trinh giai phong thudc nham tang hiéu qua sir dung thude, giam s I3n sir dung va
licu dung [6]-[8].

Curcumin 1a hop chat c6 nhiéu hoat tinh sinh hoc manh nhu khang khuan, khang oxy hoa va
khang té bao ung thu. Tuy nhién, curcumin it tan trong nudéc, téc do phan hiy cao, do d6 cé sinh
kha dung thap. Trong nghién ctru trudc, vién nang curcumin ¢ kich thudc micro da dwoc bao ché
bang phuong phéap tao gel ion, véi sy tham gia cua chat hoat dong bé mat Solutol® HS 15 va hé
mang thudc low methoxyl amidated pectin (LMAP). Vién nang curcumin di duoc ky hiéu SO, S3,
S5, S10, S15 c¢6 ham luong Solutol® HS 15 trong thanh phan lan luot 12 0; 3; 5; 10 va 15 g/L [9].

Vé6i muyc dich kiém chang hiéu qua bao vé curcumin cua nang micro khoi méi truong acid,
nham giai phong curcumin ¢ kiém soét tir nang micro ra méi trudong kiém, nghién cau nay tiép
tuc tién hanh danh gia qua trinh hoa tan va giai phong cua cac nang micro curcumin trong mai
truong PBS ¢6 pH = 1,2 va pH =7,4 véi thoi gian theo ddi tir 1 dén 420 phut. Pong hoc cua qua
trinh giai phéng curcumin tir nang micro dugc xac dinh théng qua lua chon sy phu hgp véi cac
mo hinh déng hoc bac khong (Zero order model), bac mot (First order model), Higuchi (Higuchi
model), Hixson-Crowell (Hixson-Crowell model) va Korsmeyer-Peppas (Korsmeyer-Peppas
model), tir d6 két luan vé quy luat khuéch tan cua curcumin tir nang micro trong mai truong giai
phong. Pay 1a co s& dé bao ché vién nang chira curcumin cé kich thudc micro, an toan va huéng
t6i tng dung trong kiém soat giai phéng curcumin trong ruét non.

2. Vit li¢u va phwong phap nghién ctru
2.1. Nguyén vt ligu, thiét bj

Nguyén liéu: Nang micro curcumin (SO, S3, S5, S10, S15), nuéc khir ion, dung dich dém
phosphat (PBS) pH 1,2 va 7,4 (Sigma-Aldrich, Phap).

Thiét bi: Can dién ti Adventurer Pro AV413C (Ohaus Corporation, M), may thir d6 hoa tan
Sotax AT7 (Sotax AG, Puc), thiét bi do d6 pH Seven Easy (Mettler Toledo, Thuy Si), may
quang phé Libra S22 (Biochrom, Anh).

2.2. Phwong phdp nghién curu
2.2.1. Banh gid qua trinh giai phdng curcumin tzz nang micro

Qua trinh giai phdng curcumin tir nang micro duoc danh gia trén thiét bi thir 46 hoa tan Sotax
AT7 c6 canh khudy, duoc thiét 1ap cac thong sb: nhiét do 37°C, d6 quay 50 vong/phat, moi
trudng giai phong 1a 1 L dung dich PBS ¢6 pH = 1,2 va pH = 7,4. MAu thir 1a 400 mg nang micro
curcumin S0, S3, S5, S10, S15 dugc bao ché bang phuong phép tao gel ion [9]. Qua trinh giai
phong curcumin duoce danh gia tai cac thoi diém 1; 10; 20; 30; 60; 90; 120; 150; 180; 210; 240;
270; 330 va 420 phat tinh tir thoi diém nang micro curcumin dugc dua vao trong dung dich. Binh
luong curcumin bang phuong phap quang phd hap thu UV-Vis & budc séng 426 nm [9].
Curcumin giai phong duoc tinh toan theo phuong trinh duong chuan y = 0,1248 x — 0,0356, R? =
0,9936. Phan trim curcumin giai phong duoc tinh toan theo cong thirc (1):

gp
=9 1 1
Cop = 3 X 100 1)
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Trong d6, Cgp 1a phan trim curcumin giai phong tai thoi diém nh:Eit dinh (%), Mg, la khdi
lugng curcumin giai phong tai mét thoi diém nhat dinh (mg), Men 1a tong khoi lugng curcumin
duoc nang hda (mg).

2.2.2. Banh gia dong hoc giai phdng curcumin tzz nang micro

bong hoc giai phdng curcumin tir nang micro S0, S3, S5, S10, S15 dugc danh gia qua cac mo
hinh dong hoc, dugc tinh toan theo phuong phap ciia Bruschi (2015) [10]. Cu thé:

- M6 hinh bac khong (Zero order): M ta qua trinh curcumin giai phdng tir nang micro trong
dung dich, dugc tinh toan theo cong thuc (2):

Qr =ko Xt 2)

Trong d6, Q 1a phan trim tich lily cua curcumin giai phong tai thoi diém t (%), k, hang s6
zero-order, t la thoi gian (phat).

- M6 hinh bac mot (First order): M@ ta sy giai phong curcumin phu thudc vao nong do tir nang
micro, dugc tinh toan theo céng thuc (3):

kqt
- 3
log Q1 =1log Qo + 2303 3)

Trong d6, Qi 1a lwong curcumin giai phéng tai thoi diém t (mg), Qo 14 lwong nang micro
curcumin ban dau (mg), ki 1 hang sé first order, t la thoi gian (phut).

- M hinh Higuchi: M6 ta sy giai phong curcumin tir hé ma tran khi nong do cua curcumin
vuot qua nong do bao hoa trong mdi trudng, dugc tinh toan theo cdng thuc (4):

Q¢ = ky x t*/2 ()

Trong d6, Q; 1a phan trim curcumin giai phong tai thoi diém t (%), ka 1a hang sé Higuchi, t la
thoi gian (phat).

- M6 hinh Hixson-Crowell: M6 ta méi lién quan giira sy giai phong curcumin tir hé ma tran
Vv6i sy hoa tan polymer, dan t6i sy thay d6i vé bé mat va kich thudc ciia nang micro curcumin,
duoc tinh toan theo céng thirc (5):

3/3_ t1/3:kcht (5)
Trong d6, Q; la phan trim curcumin giai phong tai thoi diém t (%), Qo 1a lugng nang micro
curcumin ban dau (mg), ke 12 hing s6 Hixson-Crowell, t 1a thoi gian (phat).
- M6 hinh Korsmeyer-Peppas: Mo ta qua trinh giai phong curcumin tir nang micro, dugc tinh
toan theo céng thirc (6):
Me _ g n 6
M, fKe Xt (6)
Trong do, Q: la phan curcumin giai phong tai thoi diém t (mg), kke la hing sb Korsmeyer-
Peppas, n 1a s6 mil giai phong, dau hiéu cua co ché giai phong thudc, t 1a thoi gian (phat).
Nghién ciru duoc tién hanh tai Phong thi nghiém Pharmacie Galénique, truong Pai hoc
Bourgogne Franche-Comté, Dijon, Cong hoa Phap. Céc thi nghiém duoc tién hanh l3p lai 3 1an
va sb liéu thu duoc xir Iy bang phan mém Microsoft Excel 2016.

3. Két qua va thao luan
3.1. Ddanh gid qua trinh gidi phong curcumin tr nang micro
3.1.1. Trong méi truong PBS ¢6 pH = 1,2

Nghién ctru danh gia qua trinh giai phér]g curcumin tur nang micro dugc thuc hién trong moi
trueong PBS ¢6 pH = 1,2 ¢ nhiét do 37°C. Két qua thu dugc thé hién qua hinh 1 va 2.
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Hinh 1. Pé thj biéu dién qua trinh gidi phdng curcumin tiz nang micro
trong moi truong PBS ¢ pH = 1,2 trong thoi gian 420 phut

W ‘
Wil it 1

Hinh 2. Qua trinh gidi phong curcumin tiz nang micro SO, S3, S5, $10, S15
trong méi truong PBS ¢6 pH = 1,2 tqi thoi diém t= 420 phut

Hinh 1 biéu dién qua trinh giai phdng curcumin tir nang micro trong méi truong PBS ¢ pH =
1,2 véi thoi gian theo ddi tir 1 dén 420 phit. Két qua cho thay, ¢ nang SO (khong chira Solutol®
HS 15) curcumin khong duoc giai phong. Cac nang S10 (chtra 10 g/l Solutol® HS 15) va S15
(chta 15 g/l Solutol® HS 15) bat dau giai phong curcumin ngay khi cac nang nay dugc dwa vao
moi trudng va dat gid tri cao nhat & nang S15 (= 20%) sau 120 phat va sau d6 khong thay doi
trong qua trinh danh gia. Cac nang S3, S5, curcumin hau nhu khong dugc giai phong (= 1-2%)
sau 420 phat. Tuy nhién, tién hanh quan sat dudi day coc khuay cua thiét bi thir ¢ hoa tan cho
thiy, cac nang micro con nguyén hinh dang ban dau, 16p v pectin chwa bi phé v& do trong mdi
truong acid, bé mat pectin ciia nang micro di tuong tac véi cac ion acid HsO* va han ché sy giai
phong curcumin khoi nang micro (Hinh 2) [11]. Ngoai ra, curcumin dugc bao boc boi hé ma tran
tao bgi ion Ca?* va nhdm COO- cua phan tir LMAP, do d6 ngin can su giai phdng curcumin tur
nang micro [9], [11]. Tir nhitng din ching c6 thé két luan curcumin chua dwoc giai phong tir cac
nang micro ra méi trudng PBS ¢6 pH = 1,2. Rat ¢d thé, lwong curcumin hoa tan trong cac bé
khudy chtra nang S3, S5, S10 va S15 la do mét lwong nhé curcumin con bam trén bé mat ngoai
ctia c&C nang micro curcumin trong qua trinh bao ché da tach khoi bé mat ngoai cua nang va phan
tan vao moi truong PBS ¢6 pH = 1,2.

3.1.2. Trong méi truong PBS c6 pH =7,4

Danh gid qua trinh gidi phong curcumin tr nang micro SO, 83, 85, S10, S15 trong mdi trudng
PBS c6 pH = 7,4, nhiét do 37°C trong thoi gian 420 phut thu dugc két qua biéu thi qua hinh 3 va 4.
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Hinh 3. B¢ th; biéu dién qua trinh gidgi phéng curcumin tiz nang micro
trong moi truong PBS ¢6 pH = 7,4 trong thoi gian 420 phut

Két qua hinh 3 cho thiy c6 su khéc biét vé& qua trinh giai phong curcumin tir c&c nang micro
trong moi truong PBS c6 pH = 7,4. Cu thé, ddi véi nang SO, vo boc pectin hau nhu khong bi pha
v, do d6 curcumin khong duoc giai phong ra méi truong. Nguoc lai, dbi voi nang S10 va S15,
lwong curcumin duoc giai phong dat gia tri cao nhit (= 70%) sau 100 phit hoa tan, sau d6 giam
dan xudng con 40% sau 420 phut hoa tan. Pidu nay dwoc giai thich 1a sau 120 phat hoa tan nang
S10 va S15, curcumin bat dau két tua o trang thai siéu bdo hoa, dan téi két qua danh gia do hoa
tan cua curcumin & cac thoi diém tiép theo giam dan. Nhan dinh nay dwoc kiém ching qua hinh 4
vé qué trinh giai phdng curcumin tir nang micro SO, S3, S5, S10, S15 trong méi truong PBS pH =
7,4 tai thoi diém t = 100 phat, hién twong duc xuat hién trong cdc khudy chira nang micro S10 va
S15 do curcumin bat dau két taa. Két luan nay dong nhat vai nghién ciu trude d6 cua Naksuriya
va cong su (2016) vé sy xuit hién cua hién twong duc trong qué trinh giai phong curcumin tir
micelle polymer trong moéi truong ¢6 pH = 5,0 va pH = 8,0 [12].

Qua so sanh qua trinh giai phdng curcumin tir c4c nang micro c6 thé rat ra két luan ham luong
Solutol® HS 15 sir dung trong qué trinh bao ché ¢ anh huong téi qué trinh giai phong curcumin
tir nang micro va ddng nhat véi két luan cua Seo va cong su (2012) [13]. Tuy nhién, can tiép tuc
nghién ciru loai bo hién tugng duc xuat hién trong qua trinh giai phong curcumin tir nang micro
trong méi trudng PBS c¢6 pH = 7,4 dé c6 két luan chinh xé4c vé anh huong caa Solutol® HS 15
dén qué trinh nay.

Hinh 4. Qua trinh gidi phong curcumin ti nang micro SO, S3, S5, S10, S15
trong moi truong PBS ¢6 pH = 7,4 tai thoi diém t= 100 phut

3.2. Pdnh gia dgng hgc gidi phdng curcumin t&r nang micro

Do curcumin hau nhu khong duoc giai phong khoi nang micro trong méi truong PBS ¢6 pH =
1,2, nén nghién ctru danh gia dong hoc giai phong curcumin tir nang micro S0, S3, S5, S10, S15
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trong mdi trudng PBS c¢6 pH = 7,4. Cac md hinh dong hoc bao gom bac khéng, bac mét,
Higuchi, Hixson-Crowell va Korsmeyer-Peppas. D6 thi, phuong trinh hoi quy tuyén tinh va hé s6
hoi quy (R?) duoc thiét lap (Hinh 5-9). Cac théng sé dong hoc cua qua trinh giai phdng curcumin
tir nang micro SO, S3, S5, S10, S15 trong méi truong PBS ¢6 pH = 7,4 dugc thé hién qua bang 1.

Két qua tir bang 1 cho thiy, cac nang micro SO, S3, S5, S10, S15 déu c¢6 phuong trinh dong
hoc danh gia qua trinh giai phong curcumin véi hé s R? dat gia tri 16n nhat & md hinh
Korsmeyer-Peppas (~ 1). Cu thé, hé sé R? cua cac nang micro SO, S3, S5, S10, S15 & md hinh
dong hoc Korsmeyer-Peppas lan lugt dat gid tri 0,9458, 0,9258, 0,9198, 0,826 va 0,7898. Do do,
c6 thé két luan rang, qua trinh giai phdng curcumin tir cic nang micro trong méi truong PBS ¢6
pH = 7,4 tuan theo mé hinh Korsmeyer-Peppas.

80 y = 0,058x + 31,681
Eb% 70 R2=0,1489
o y =0,067x + 29,079
g % R?=0,2304
=
=~ 50
g X y = 0,0645x + 10,407
s o> 40 R?=0,5584
=5
g 30 y = 0,0446x + 8,6124
>§ R2=0,5174
g 20
S y =0,0118x + 2,2616
"E 10 : R2=0,6701
0 e
50 100 150 200 250 300 350 400 450
Thaoi gian (phut)
—o— S0 —@—S3 —¥— S5 e S10 —0—S15
......... Llnear (SO) ecssecese Llnear (83) cecsceces Llnear (55) ecssecese Linear (Slo) ecssecese Linear (815)

Hinh 5. Phuong trinh déng hoc bdc khdng cuia nang micro curcumin S0, S3, S5, S10, S15 trong dung dich

PBScOopH =74

o 0,0 y =-0,0001x - 0,023
§' 500 R2=0,6735

=}

S 02 y = -0,0005x - 0,0936
g R2=0,5076

=

S o4 y =-0,0008x - 0,1171
5 8 R2 = 0,5502
E£.06 y =-0,0009x - 0,4067
5 R2=0,172
& %08 y =-0,0007x - 0,4679
-g_ R2=0,0786

]

8 -10

o0

(=]

= 12 s p

Thaoi gian (phit)
—— S0 —m— 33 —¥—S5 —A&— S10 —e—S15
......... Linear (SO) cecssscne Linear (53) cessssnee Linear (55) cecsssene Linear (Slo) cecssssns Linear (515)
Hinh 6. Phurong trinh déng hoc bdc mét cua nang micro curcumin S0, S3, S5, S10, S15 trong dung djch

PBScopH =74
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Phan tram curcumin dugc gidi phéng
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Linear (S15)

Hinh 7. Phuong trinh déng hoc Higuchi cia nang micro curcumin S0, S3, S5, S10, S15 trong dung djch

PBScopH =74

Bang 1. Thong so cua cac phwong trinh déng hoc gidi phong curcumin tz nang micro S0, S3, S5, S10, $15
trong dung dich PBS c6 pH = 7,4

M4 hinh dong hoc S0 S3 S5 S10 S15
BAc khén R? 0,6701 0,5174 0,5584 0,2304 0,1489
: g n 0,0118 0,0446 0,0645 0,067 0,058
Bac mot R2 0,6735 0,5076 0,5502 0,172 0,0786
- e n -0,0001 -0,0005 -0,0008 -0,0009 -0,0007
Hiuchi R2 0,864 0,721 0,7527 0,4366 0,3312
g n 0,2975 1,1707 1,6622 2,0476 1,9209
) R2 0,5877 0,5215 0,548 0,2776 0,2284
RO n -0,0019 -0,0031 -0,0039 -0,0032 -0,0029
Korsmeyer- R? 0,9458 0,9258 0,9198 0,826 0,7898
Peppas n 0,4417 0,4936 0,5623 0,549 0,5115
4,0
8w
}: S 35
S ? 3,0 y =-0,0019x + 3,395
a5 : R2=0,5877
38 25 y = -0,0031x + 2,7432
= _
o015 R? = 0,5215
= 20 =-0,0039x + 2,6626
g g y=-0, X+ 2,
-ﬁ_ 5 15 R2=0,548
o =
« B y =-0,0029x + 1,8146
= 10 R2 = 0,2284
05 “*1y =-0,0032x + 1,8915
R2=0,2776
0,0
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Hinh 8. Phuwong trinh déng hoc Hixson-Crowell ciia nang micro curcumin SO, S3, S5, S10, S15 trong dung

dichPBScépH =74
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Hinh 9. Phuwong trinh dong hoc Korsmeyer-Peppas cuia nang micro curcumin SO, S3, S5, $10, S15 trong
dung dich PBScé pH =74

Nghién cau tiép tuc xac dinh quy luat khuéch tan cua curcumin tir cac nang micro SO, S3, S5,
S10, S15 trong mdi truong PBS ¢6 pH = 7,4 dua trén hiang sé khuéch tan n theo mé hinh dong
hoc Korsmeyer-Peppas [14]. Két hop giira dit liéu bang 1 va tham chiéu véi hang s khuéch tan n
theo mé hinh dong hoc Korsmeyer-Peppas cho thay, hang sé khuéch tan n cua cac nang micro
S0, S3, S5, S10, S15 déu nam trong khoang 0,43 < n < 0,85, chiing to curcumin duoc giai phong
tir cc nang micro theo dang khuéch tan di thuong két hop gitta khuéch tan phu thudc vao nong
d6 ciia dung moéi theo dinh luat Fick va khuéch tan phu thudc vao sy gidn no polymer [14]. Ngoai
ra, hé s6 R2 ciia mé hinh déng hoc bac khong va md hinh déng hoc bac mét thap, dic biét & nang
micro S10 va nang S15 chi dat lan luot 0,172 va 0,0786. Biéu nay c6 thé giai thich, do qué trinh
giai phong curcumin tir nang micro S10 va S15, sy giai phong nhanh trong 100 phit dau, sau do
su giai phéng curcumin bi kiém soat nén téc do giai phong cham dan. Do d6, c6 thé két luan nang
micro S10 va S15 dé dat dugc muc tiéu kiém soat qua trinh giai phong curcumin tir nang micro
trong méi truong PBS ¢ pH =7,4.

4. Két luan

Qua trinh giai phéng curcumin tir cac nang micro S0, S3, S5, S10, S15 dugc tao boi cong
nghé tao gel ion da dugc danh gia trong méi truong PBS ¢6 pH = 1,2 va pH = 7,4 trong thoi gian
tir 1 d&én 420 phit. Két qua cho thay, & méi truong PBS ¢6 pH = 1,2, curcumin hau nhu khong
duoc giai phdng khoi cac nang micro. Nguoc lai, & méi truong PBS c6 pH = 7,4, su giai phong
curcumin phu thudc vao ham luong chat hoat dong bé mit Solutol® HS 15 sir dung trong qua
trinh bao ché. Nang micro S15 c6 tc d6 giai phdng curcumin cao nhat, dat gan 70% sau 100
phat hoa tan, sau d6 sy giai phong cham dan va chiu sy kiém soét ciia dong hoc. Nguoc lai, nang
S0 hau nhu khong tan trong méi truong PBS do khéng c6 thanh phan Solutol® HS 15. Qué trinh
giai phdng curcumin tir c4c nang micro tuan theo mé hinh Korsmeyer-Peppas. Su khuéch tan cua
curcumin tir nang micro vao méi truong giai phong theo dang két hop giira khuéch tan phu thudc
vao ndng d6 cta dung méi theo dinh luat Fick va khuéch tan phu thudc vao su gidn né polymer.
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