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Curcumin is a yellow orange polyphenol found in the rhizomes of
Curcuma longa, used in folk medicine owing to its diverse biological
properties, such as anti-inflammatory, antibacterial, antioxidant, and
antitumor activity. However, these promising properties of curcumin
were limited because of its poor water solubility, its high degradation,
and its photodegradation. In the previous studies, micro curcumin
beads were obtained by the ionotropic gelation method and the in
vitro curcumin release from miceo curcumin beads was evaluated in
simulated digestive fluids and intestinal medium. In this study, the
release of curcumin from the SO, S3, S8, S15 beads was further
evaluated in simulated digestive fluids PBS pH = 1.2 containing
TPGS 3 g/L from 1 to 420 min. The result showed that curcumin was
not released from the beads in the simulated digestive fluids based on
the results of the mathematical models applied for curcumin release
containing Zero order model, First order model, Higuchi model,
Hixson-Crowell model va Korsmeyer-Peppas model.
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Curcumin 1 hop chét polyphenol mau vang cam duoc tim thay trong
phan than cu cua cdy nghé (Curcuma longa), duoc st dung nhu mot
vi thubc trong y hoc c6 truyén do c6 hoat tinh sinh hoc manh nhu
khéng viém, khang khuan, khang oxy hoa va khang té bao ung thu.
Tuy nhién, cac hoat tinh sinh hoc cua curcumin bi gigi han boi dac
tinh it tan trong nudéc, téc do phan hiy cao va d& bi quang héa. Trong
cac nghién cau truéc, nang micro curcumin da dwgc bao ché bang
phuong phép tao gel ion va sy giai phong curcumin da duge danh gia
trong moi truong gia 1ap da day PBS pH = 1,2 va ruét non PBS pH =
7,4. Trong nghién ctru nay, qua trinh giai phéng curcumin tir nang
micro SO, S3, S8, S15 da duoc thuc hién trong méi truong da day gia
lap (pH = 1,2) c6 b sung chat hoa tan hoat dong bé mat TPGS nong
d6 3 g/L trong thoi gian tir 1 dén 420 phat. Qua két qua danh gia
dong lec hoc giai phong curcumin bang cac méd hinh dong hoc bao
gém md hinh bac khéng, md hinh bac mét, md hinh Higuchi, mé
hinh Hixson-Crowell va mé hinh Korsmeyer-Peppas, nghién ctu két
ludn curcumin khong duogc giai phong tir nang micro trong moi
truong da day gia lap.
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1. Pat van dé

Curcumin 1a hop chat polyphenol mau vang cam dugc tim théy trong phan than ca cua cay
nghé (Curcuma longa) [1], dugc su dung trong ché bién thuc pham va la mét vi thudc trong y
hoc ¢b truyen do c6 hoat tinh sinh hoc manh nhu khang viém, khang khuan, khang oxy hoa va
khéang té bao ung thu [2]- [7]. Tuy nhién, cac hoat tinh sinh hoc cua curcumin bi giam manh do
dic tinh it tan trong nudc, toe ¢ phan hay cao va dé bi oxy hoa [8].

TPGS la hop chat tan trong nuée, duoc tao bai phuong phap ester hoa vitamin E succinate va
polyethylene glycon (PEG) [9]. Hop chat TPGS duoc st dung phd bién trong ché tao hé mang
thuoC chat tang cuong hap thy, chat nhii héa, chit phu gia, chét ting cudng do tham thau va chat
on dinh [10]-[14].

Trong cac nghién ciru trude, nang micro curcumin di dugc bao ché bang phuong phap tao gel
ion va sy giai phong curcumin da dugc danh gia trong méi treong gia lap da day PBS pH = 1,2
va rugt non PBS pH = 7,4 [15], [16]. Tuy nhién, & mdi truong gia 1p da day PBS pH = 1,2,
curcumin duoc giai phong cé hién twong chua duoc hoa tan va ling xudng day cua bé khudy, dan
dén diéu kién “sink” trong méi trudng hoa tan chua dam bao. Theo Duoc dién Viét Nam V
(2018), diéu kién “sink” c6 nghia 1a duoc chat da hoa tan vao dung dich khéng cé hiéu ung dang
ké 1am thay d6i 6 hoa tan cua phan dwoc chat con lai [17]. Do d6, v6i muc dich dat duge diéu
Kién “sink” ctia moi truong hoa tan va danh gia sy giai phong curcumin tir nang micro curcumin
trong méi truong da day gia lap (PBS pH = 1,2), nghién ciu tién hanh bo sung chat hoa tan hoat
dong bé mat TPGS nong d6 3 g/L vao trong mdi truong hoa tan. Pong luc hoc cua qua trinh giai
phong curcumin tir nang micro dugc tinh toan thong qua sy lya chon phu hop véi cac mé hinh
dong hoc bao gém mé hinh déng hoc bac khéng (Zero order model), mé hinh dong hoc bac maot
(First order model), m6 hinh dong hoc Higuchi (Higuchi model), mé hinh dong hoc Hixson-
Crowell (Hixson-Crowell model) va mo hinh dong hoc Korsmeyer-Peppas (Korsmeyer-Peppas
model), tir 46 kiém chimng vé qua trinh giai phong curcumin tir cA¢ nang micro curcumin.

2. Vit li¢u va phwong phap nghién ctru
2.1. Vat ligu

Nguyén li¢u: Nang micro curcumin (S0, S3, S8, S15) da dwgc bao ché bang phuong phap tao
gel ion trong nghién ctru trude d6, c6 ham lugng Solutol® HS 15 trong thanh phan lan luot la 0;
3;5; 10 va 15 g/L [15], TPGS (BASEF, buc), nudc khur ion, PBS pH = 1,2 (Sigma-Aldrich, Phap).

2.2. Phwong phdp nghién ciru

2.2.1. Banh gid qud trinh gidi phOng curcumin tir nang micro trong moéi truong da day gid ldp co
bo sung TPGS 3 g/L

Curcumin dugc giai phong tir nang micro trong moéi truong da day gia lap dugc thyc hién theo
mo ta true d6 trong nghién ciru cia Nguyén Bac Hing va cong su (2022) [16]. Theo d6, nang
micro SO, S3, S8, S15 duoc dwa vao méi truong da day gia lap (PBS, pH = 1,2), ¢ bd sung
TPGS 3 g/L. Curcumin trong mdi truong gia lap dugce danh gia & cac thoi diém khac nhau trong
thoi gian 420 phat. UV-Vis & budc song 426 nm duoc sir dung dé dinh lugng curcumin. Luong
curcumin giai phong dugc xac dinh dya trén phuong trinh duong chuan y = 0,111 x — 0,0337, R?
=0,9936. Ham lugng curcumin giai phong dugc tinh theo cong thac (1):

Cop =7 % 100 (1)
en 2 7 4

Trong d6, Cy 1a ham lugng curcumin giai phong tai thoi diém nhat dinh (%), Mg 1a khoi
lwong curcumin giai phong tai mot thoi diém nhét dinh (mg), Men 1a tong khéi lwong curcumin
duoc nang héa (mg).
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2.2.2. Banh gid co ché gidi phong curcumin tir nang micro trong méi trong da day gid ldp co
bo sung TPGS 3 g/L

M6 hinh dong hoc 1a mot cong cu quan trong dé thiét ké cac cong thire duge pham, nham
danh gia qua trinh giai phong hop chat trong méi trudng gia 1ap va dua ra thiét ké tdi uu cho cac hé
thong mai. V& mit ly thuyét, ty 18 phéi tron giira céc nguyén liéu cua thude cé thé dugc tdi vu thiét
ké dwa vao két qua tinh toan ctia cac mo hinh dong hoc. Bong hoc giai phdng curcumin tir nang
micro S0, S3, S8, S15 trong madi trudng da day gia 1ap c6 bd sung TPGS 3 g/L dugc khao sét théng
qua cac mo hinh dong hoc theo mé ta trong nghién ctru trude d6 ctia Nguyén Buc Hing va cong su
(2022) [16], bao gém mo hinh dong hoc bac khong, mo hinh dong hoc bac maét, mo hinh dong hoc
Higuchi, mé hinh déng hoc Hixson-Crowell va mé hinh dong hoc Korsmeyer-Peppas. 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):

| Qc=ko xt | e

Trong d6, Q: la phan tram tich lily ctia curcumin giai phong tai thoi diém t (%), ko hang so
zero-order, t la thoi gian (phut).

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

B kit 3
log Q1 = log Qo + 2303 @)

Trong d6, Qi1 1a lugng curcumin giai phong tai thoi diém t (mg), Qo 1a luwong nang micro
curcumin ban dau (mg), ki 1a hang sé first order, t 1a 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, duoc tinh toan theo cong thuc (4):

Q¢ = ky x t/2 4)

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 su giai phéng 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 cdng thuc (5):

M3 QM = kye Xt (5)

Trong d6, Q; la phan trim curcumin giai phong tai thoi diém t (%), Qo 1a lugng nang micro
curcumin ban dau (mg), kkc 1a hing sé Hixson-Crowell, t 12 thoi gian (phut).

- M6 hinh Korsmeyer-Peppas: Mo ta qua trinh giai phong curcumin tir nang micro, dugc tinh
toan theo cong thuc (6):

M, n

Trong do, Q: la phan curcumin giai phong tai thoi diém t (mg), ke la hang s6 Korsmeyer-
Peppas, n 1a sé mii giai phong, dau hidu cia co ché giai phong thudc, t 12 thoi gian (phit).

Thi nghiém dugc thuc hién tai Phong thi nghiém Laboratoire de Pharmacie Galénique,
Univesité de Bourgogne Franche-Comté, Dijon, Phap. Cac thi nghiém dugc tién hanh lap lai 3
1an va sb liéu thu duoc xir ly bang phan mém Microsoft Excel 2016. Lya chon muc do phu hop
dwa trén gia tri cua hé s6 R? cang 16n (R? > 0,9) thi cang phu hop.

3. Két qua va thao luan

3.1. Pdnh gid qua trinh gidi phong curcumin tie nang micro trong moi trwong da day gia lap
€6 bo sung TPGS 3 g/L

TPGS la chat hoa tan hoat dong bé mit, c6 hoat tinh hoa tan manh cac hop chat ki nuoc
(hydrophobic). Do d6, TPGS nong d6 3 g/L dugc bo sung vao méi truong hoa tan vai mue dich
danh gia chinh xac lugng curcumin dugc giai phong ra moi trueong hoa tan trong thoi gian 420 phat.
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Hinh 1. Pdnh gia qud trinh giai phong curcumin tir nang micro trong méi trieong da day gid lap
c6 bé sung TPGS 3 g/L trong thai gian 420 phat

Curcumin duoc giai phong tir nang micro trong méi trudng da day gia 1ap c6 bo sung TPGS 3
g/L voi thoi gian theo di tir 1 dén 420 phat dwoc thé hién trong hinh 1. Két qua cho thiy,
curcumin khong dwoc giai phong & nang SO va S3 du trong méi truong gia 1ap c6 bo sung TPGS
3 g/L. Két qua nay twong ddng vai nghién ctu trude d6 cua Nguyén Bac Hung va cong su
(2022) vé qué trinh giai phong curcumin tir nang micro trong mdi trudng gia lap da day (PBS pH
= 1,2) [16]. Do do, c6 thé két luan curcumin khong dwogc giai phong khoi nang micro SO va S3
trong mdi truong pH = 1,2 ¢6 bd sung chat hoa tan hoat dong bé mat TPGS ndng d6 3 g/L. Bdi
v6i nang micro S8 va S15, lugng curcumin dwoc giai phong trong hoa tan c6 bd sung 3 g/L
TPGS khong c6 sy khac biét so véi nghién ciru trude do trong moi truong pH = 1,2 khdng co
TPGS. Cu thé, sau 120 phut hoa tan, lvgng curcumin duoc giai phong trong mdi truong PBS pH
= 1,2 va PBS pH = 1,2 + TPGS 3 g/L lan luot dat 13,5% va 14,9% dbi véi nang S8; 19,1% va
21,3% ddi véi nang S15. Két qua nay phu hop véi nghién ciu trude d6 cia Nguyén Thi Binh An
va cong su (2014) khi danh gia luong curcumin giai phéng trong méi tredng PBS pH = 1,2 ¢6 b
sung chét hoat dong bé mit Solutol 5 g/L, két luan vé su hinh thanh céc ma tran lién két giira cac
ion HsO* va bé mit nang micro curcumin, ngin can sy giai phong curcumin trong méi truong co
pH = 1,2. Sy giai phdng curcumin tr nang micro dugc xac dinh do TPGS da hoa tan lugng
curcumin bam trén bé mit ciia nang micro S8 va S15 [18]. Nhu vay, curcumin trong nang micro
khong duoc giai phong trong méi trudng PBS pH = 1,2 du mdi truong c6 bd sung chat hoa tan
hoat dong bé mat.

3.2. banh gid co ché gidi phéng curcumin tir nang micro trong méi trwomg da day gid ldp c6
bo sung TPGS 3 g/L

Dé kiém chang sy giai phdng caa curcumin tir nang micro trong méi trudng pH = 1,2 ¢6 bo
sung TPGS 3 g/L, nghién ctu tién hanh tinh toan dong luc hoc giai phéng curcumin théng qua
cac md hinh dong hoc bao gdm mé hinh bac khéng, mé hinh bac mét, mé hinh Higuchi, mé hinh
Hixson-Crowell va md hinh Korsmeyer-Peppas. Nghién ctu tiép tuc xay dung do thi, phuong
trinh hoi quy va hé s6 R? (Hinh 2-6). Két qua khao séat qua trinh giai phéng curcumin tir cac nang
micro trong méi truong da day gia 1ap c6 bd sung TPGS 3 g/L duoc thé hién & bang 1.
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Hinh 2. Phuong trinh dong hoc bdc khéng cia nang micro curcumin SO, S3, S8, S15
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Hinh 3. Phuong trinh déng hoc bdc mgt cua nang micro curcumin S0, S3, S8, S15
trong méi triong da day gid ldp c6 bé sung TPGS 3 g/L
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Hinh 4. Phuwong trinh dong hoc Higuchi cia nang micro curcumin S0, S3, S8, S15
trong méi trirong da day gid ldp c6 bé sung TPGS 3 g/L

Hixson-Crowell model
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Hinh 5. Phuong trinh dong hoc Hixson-Crowell czza nang micro curcumin S0, S3, S8, S15
trong méi truong da day gid ldp c6 bé sung TPGS 3 g/L
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Korsmeyer-Peppas model
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Hinh 6. Phuong trinh dong hoc Korsmeyer-Peppas cuza nang micro curcumin S0, S3, S8, S15
trong méi trirong da day gid ldp c6 bé sung TPGS 3 g/L
Bang 1. Thong so cuia cdc phiong trink dong hoc gidi phong curcumin tir nang micro curcumin S0, S3, S8, S15
trong méi truong da day gid ldp c6 b sung TPGS 3 g/L

Mb hinh dgng hoc ) S3 S8 S15
o R2 01445 0,7407 0,7028 0,6595

Bac khong n -0,0002 0,0034 0,0037 0,043
Bac mot R 0,11443 0,74306 0,7081 0,6663
4C MG n 0,000002 -0,00003 0,0004 0,0005
Higuchi R 0,1665 0,9014 0,862 0,8366
n -0,0039 0,0827 0,828 1,0753
Hixson-Crowell R 0,14623 0,6636 0,6291 05776
n 0,00008 -0,0006 -0,0026 -0,0027
Korsmeyer-Peppas R2 0,0985 0,9785 0,955 0,9447
n -0,0183 0,1449 0,4156 0,4036

Dir liéu tir bang 1 cho thay, hé s6 R? cta cac phuong trinh dong hoc cua cac nang micro S3,
S8, S15 c6 gi4 trj rat cao, lan lugt dat gié tri 0,9785; 0,955; va 0,9447 & md hinh Korsmeyer-
Peppas. Do d6, co thé két luan rang qué trinh giai phong curcumin tir cac nang micro S3, S8 va
S15 trong méi truong pH = 1,2 ¢ bo sung TPGS 3 g/L tuan theo md hinh Korsmeyer-Peppas.
Nguoc lai, phwong trinh dong hoc danh gia qua trinh giai phdng curcumin tir nang micro SO cé
hé s6 R? dat gia tri rat thap (tir 0,0985 - 0,1665). Do d6, qua trinh giai phong curcumin tir nang
micro SO ¢6 muc do tin cay rat thap. Nhu vay, su giai phong caa curcumin tir nang micro SO
khong dién ra.

Nghién curu tiép tuc xac dinh quy luat khuéch tan caa curcumin tir cac nang micro S3, S8, S15
trong moi truong pH = 1,2 ¢6 bo sung TPGS 3 g/L dya trén hang sé khuéch tan n theo mé hinh
dong hoc Korsmeyer-Peppas [19]. Két hop giira dir liéu bang 1 va tham chiéu véi hang sé khuéch
tan n theo mé hinh déng hoc Korsmeyer-Peppas cho thay, hing s khuéch tan n caa cac nang micro
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S3, S8, S15 khong nam trong khoang gié tri tir 0,43 - 0,85, ching to curcumin khong duoc giai
phong tir cac nang micro [19]. Nhan dinh nay phu hop véi ket qua nghién ciru danh gid qué trinh
giai phdng curcumin tir nang S3, S8, S15 trong moi truong pH = 1,2 ¢6 bo sung TPGS 3 g/L.

4. Két luan

Nghién ctru danh gia qua trinh giai phong curcumin tir nang micro S0, S3, S8, S15 da duoc
thuc hién trong méi truong da day gia lap (pH = 1,2) ¢ bd sung chét hda tan hoat dong bé mit
TPGS néng d6 3 g/L trong thoi gian danh gia tir 1 dén 420 phat. Két qua cho thay, curcumin
khong duoc giai phong tir nang micro trong sudt thoi gian danh gia. Nghién ctru da kiém ching
curcumin khong dugc giai phdng tir nang micro trong méi truong pH = 1,2 ¢6 b6 sung TPGS 3
g/L bang phuong phép tinh toan dong luc hoc giai phong curcumin théng qua cac mé hinh dong
hoc bao gdm md hinh bac khong, mé hinh bac mét, mé hinh Higuchi, mé hinh Hixson-Crowell
va mo hinh Korsmeyer-Peppas.
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