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TOM TAT

Anh huong cua khoi lwong phan tiz (KLPT) chitosan (CH) dén sy hinh thanh phitc hop nano
tuy da dwoc thyec hién trong nghién ciru gan ddy, nhung CH duoc sir dung lai 6 KLPT Ién (thap
nhat 1a 50 kDa). Viéc siz dung cac CH c6 KPLT cuc thdp (33,5 kDa va 18,5 kDa) va
oligochitosan (2,7 kDa) dé tgo thanh phitc hop nano véi curcumin véin chica dwoc tién hanh trén
thé gidi. Két qua nghién cizu cho thdy, KLPT cia CH cang thdp thi phic hop tao thanh ¢6 dac
diém cang tér. Trong dé, viéc sir dung oligochitosan (OCH) cho két qud tot nhat (kich thwéc 103
nm, chi sé phan tan 0,342 va thé zeta dat 20,90 mV) va gilp logi bé diweoc giai doan sir dung song
siéu dm dé giam kich thieoc.

Tir khéa: phirc hop nano, chitosan, oligochitosan, curcumin, khéi lugng phan tir.
ABSTRACT

Investigation of the effect of chitosan molecular weight on the curcumin-nanoplex formation

The effect of chitosan molecular weight (Mw) to the formation of nanoplex has been recently
studied. However, the lowest Mw used in this research was about 50 kDa. The effect of CH with
very low Mw (33.5 kDa and 18.5 kDa) and oligochitosan (2.7 kDa) on characteristics of the
formed nanoplex with curcumin have not been researched so far. The results of this research
indicated the lower Mw of CH was used, the better characteristics of nanoplex were obtained.
Especially, the use of OCH not only gave the best characteristics (103 nm in size, zeta potential of
20.9 mV and PDI 0.342) of the formed nanoplex, but also omitted the sonication step which was
used to reduce the particle size.

Keywords: nanoplex, chitosan, oligochitosan, curcumin, molecular weight.

1.  Médau

Curcumin (CUR) la mot hop chat polyphenol tu nhién, chiém ti 1& khoang 2 — 6%
trong cu nghé tuoi [1]. Ngay nay, CUR dugc nghién ciu va tng dung rong rai nho kha
nang hd trg 1am lanh vét thuong, diéu tri seo, chéng viém, chéng vi khuan, diéu tri cac
bénh man tinh nhu ung thu, than kinh, tim mach [1], [2]. Tuy nhién, hiéu qua st dung cua
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CUR con nhiéu han ché boi d6 sinh kha dung thap do d tan trong nudc cua CUR rat thap
(khoang 0,6 pg/mL), khong bén & méi trudng trung tinh va kiém cua rudt, dé tham qua
rudt kém va dé bi loai thai ra ngoai co thé bang nhiéu co ché (nhu su chuyén héa dau tién &
gan, su opsonin hda) [3], [4]. Vi vay, CUR duoc xép vao nhém IV cuaa hé théng Phan loai
Sinh dugc hoc (Biopharmaceutics Classification System) [5].

C6 nhiéu nghién ctru da duoc thuc hién nham cai thién do sinh kha dung cua CUR
nhu CUR dung phdi hop voi piperine (chiét xuat tir hat tiéu) dé 1am giam su chuyén héa
dau tién & gan; CUR duogc giam kich thudc xudng con cap do nano (CUR dang tinh thé
nano) dé lam ting do phan tan trong nudc va ting d6 thim qua mang té bao; CUR duogc
“dong g6i” vao cac nang nano dugc hinh thanh tir cac chat hoat dong bé mat hodc cac
polymer dé vira lam ting do phan tan, d6 tham qua mang té bao, vira c6 thé bao vé CUR
khoi cac diéu kién bt loi cua moi truong xung quanh [6] — [8]. Tuy nhién, do sinh kha
dung duong udng cua CUR khi phéi hop voi piperine ciing khong dugc cai thién dang ké;
viéc str dung hat tinh thé nano CUR tuy gitp gia ting do phan tan va d6 thim qua mang té
bao nhung hiéu qua ciing khong nhu ki vong do bé mit caa hat tinh thé nano CUR van la
ki nuéc nén dé bi loai thai ra khoi co thé boi co ché opsonin; viéc sir dung céc hat mang
nano chira CUR tuy da cai thién r6 rét d6 sinh kha dung cho CUR, nhung quy trinh san
Xuat phuc tap, gia thanh cao va dac biét 1a stc tai cia cac hé mang nano nay tuong déi thap
(sirc tai cua liposome, niosome, cac loai hé nhii, hat mang nano ban chat polymer, cc hat
tiéu phan nano déu nho hon 25%) [6] — [8]. Piéu nay dan dén lidu sir dung phai du I6n va
su lang phi vé nguyén vat liéu dung dé tong hop hat mang nano.

Dé giai quyét cac van dé trén, gan day, mot sé nghién ciru di dé cap dén viéc tong
hop phirc hop nano giira cac polymer sinh hoc gia thanh thap (chitosan, sodium alginate)
va céc chat hoat tinh (CUR, ibuprofen, ciprofloxacin). Uu diém caa phac hop nano 1a quy
trinh san xuat don gian, nguyén vat liéu ré tién, dac biét la suc tai ciia hé nano nay co thé
dat 80 — 90%, cao gap nhiéu lan so véi cac hé mang nano khac [9], [10]. Tuy nhién, hién
nay trén thé gioi co rat it nghién ctu dé cap dén anh huong cua polymer KLPT thap va
oligomer vao viéc tong hop cac phirc hop nano [10], [11]. Pac biét 1a chwa c6 nghién ciru
nao dé cap dén sy anh huong cua chitosan KLPT thap va OCH dén sy hinh thanh phirc hop
nano véi CUR.

Véi muc tiéu khao sat anh huong cua KLPT CH, dic biét 1a OCH dén su hinh thanh
phuc hgp nano vai CUR, trong nghién cau nay, CH vai cac KLPT khac nhau da dugc st
dung. Su hinh thanh cua cac phirc hop nano dugc ching minh bang phd hdng ngoai
chuyén ddi Fourier (FTIR) va anh chup bgi kinh hién vi quét xa trudng (FE-SEM). Dic
diém vé kich thuéc hat, chi s6 phan tan, thé zeta, hiéu suit tao phuc va stc tai cua cac phic
hop nano hinh thanh s& dugc dénh gia va so sanh dé tim ra KLPT téi uu.
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2. Noidung
2.1. Vit liéu va phwong phap
2.1.1. Vit ligu

CH1, CH2 va OCH duoc tao thanh tir CHO cit mach bang ki thuat chiéu xa gamma
Co-60 vai su c6 mat caa H,O; (Trung tdm Cong nghé buc xa, Vién Nghién ctiru Hat nhén).
Trong d6, KLPT ctua CHO, CH1, CH2 va OCH lan luot la: 169,6 kDa; 33,5 kDa; 18,5 kDa
va 2,7 kDa. Potassium hydroxide (KOH) va acid acetic dugc mua tir Sigma-Aldrich (St.
Louis, MO, U.S.). CUR (95%) duoc mua tir Alfar Aesar (St. Parkridge, MA, U.S.). Tat ca
cac hoa chat khac déu thudc cip do phan tich.

2.1.2. Phuong phdp tong hop cac phizc hop nano giiza CUR véi CHO, CH1, CH2, OCH

Phirc hop nano gitra CUR véi CHO, CH1, CH2, OCH duoc téng hop theo phuong
phap duoc dé cap trong nghién ctu cua Nguyen va cong su [10]. Cu thé, CUR dugc hoa
tan hoan toan trong dung dich KOH 0,1 M (do CUR c6 pKa la 8,4; 9,9 va 10,5) dé tao ra
dung dich chira cac phan tir ion CUR® (mat do dién tich 8,14 x 10°° mol dién tich/mg) c6
ndng d6 dung dich 1a 5 mg/mL. CHO, CH1, CH2 va OCH c6 ndng do lan luot 12 9,05
mg/mL; 8,85 mg/mL; 8,78 mg/mL va 9,00 mg/mL (twong ung vai mat do dién tich 4,47 x
10 mol dién tich/mg; 4,58 x 10° mol dién tich/mg; 4,61 x 10°° mol dién tich/mg va 4,50 x
10 mol dién tich/mg vai do deacetyl 1a 80,19%, 82,05%, 82,64% va 80,63%) duoc hoa
tan vao dung dich acid acetic 1,2% (v/v) dé hinh thanh cac dung dich polymer dién tich
duong sao cho ti I¢ dién tich gitra CUR va polymer la 1. Dung dich CUR (0,9 mL) va dung
dich CHO, CH1, CH2, OCH (0,9 mL) dwoc tron déu bang thiét bi vortex trong thoi gian 10
gidy dé hinh thanh phuc hop nano.

Anh huong cia song siéu &m Ién céac théng sb dic trung cua phic hop nano duoc
nghién ciru dya vao thiét bi tao séng siéu am Sonifier (CV24, Sonics and Materials Inc.,
CT, U.S.) thuc hién trong 25 giay.

Phirc hop nano hinh thanh dwgc rira 2 lan véi chu trinh Ii tdm (14000 vong/phut
trong 10 phat) va tai phan tan phan lang trong nudc cat. Sau do, déng kho dé thuc hién cac
thi nghiém sau.

2.1.3. Chzrng minh si hinh thanh cac phizc hop nano giza CUR véi CHO, CH1, CH2, OCH

Pau tién, sy hinh thanh cua cac phirc hop nano CUR-CHO, CUR-CH1, CUR-CH2 va
CUR-OCH dugc kiém ching trén phd hong ngoai chuyén déi Fourier (FTIR) (FT/IR-4600,
JASCO, JAPAN) véi s séng 400 — 4000 cm™, do phan giai 2 cm™.

Bén canh d6, hinh thai cuia cac phic hop nano nay ciing dwoc quan séat bang kinh
hién vi dién tir quét xa truong (FE-SEM) (JSM-6700F, JEOL, U.S.). Cu thé, CUR dang thd
va bot dong kho cua céc phic hop nano CUR-CHO, CUR-CH1, CUR-CH2 va CUR-OCH
duogc cho 1én mang carbon va duoc bao phu bai platium. Sau d6, dwa mau vao thiét bj FE-
SEM dé quan sat.
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2.1.4. Phan tich cac thdng sé ddc trung cua cac phirc hop nano giza CUR véi CHO, CH1,
CH2, OCH

Kich thudc hat trung binh, chi sé phan tan (PDI: polydispersity index) va thé zeta cua
cac phtc hop nano dugc xéac dinh bang thiét bi Zetasizer Nano ZS. Cu thé, dich phan tan
cua cac phac hop nano CUR-CHO, CUR-CH1, CUR-CH2 va CUR-OCH duogc pha loang
100 lan trong nuéce cit va do ¢ nhiét d6 25 °C, goc do 173°.

Hiéu suat tao phtrc dugc xac dinh theo phwong trinh (1) v6i phuong phéap di duoc dé
cap trong c&c nghién ciru trude day [9] — [11]. Cu thé, phic hop nano sau khi tao thanh s&
duoc loc qua mang loc cellulose c6 kich thudce 16 3 pm dé loai bo cac hat CUR (c6 kich thudc
trén 5 pm) [10], [11]. Dich phan tan sau khi loc s& duoc li tim ¢ téc do 14000 vong/phut
trong 10 phdt bang thiét bi Ii tam Mikro 120 (Hettich, Germany). Hit bo dich néi va téi
phan tan phan lang vao nudc cat véi cling thé tich ban dau. Dich tai phan tan s& dugc hoa tan
trong dung dich ethanol véi ti 1¢ thé tich thich hop sao cho gia tri OD nam trong khoang 0,1 —
1,0. Luong CUR trong dung dich ethanol dugc xéac dinh bang phuong phap do quang phd sir
dung thiét bi UV-Vis spectrophotometer (UV mini-1240, Shimadzu, Kyoto, Japan) & budc
song 423 nm. Tt d6, xac dinh dugc lugng CUR da tham gia tao thanh phac hop.

Stre tai cua phuc hgp nano dugce xac dinh theo cong thic (2) voi phuong phap cling
da dugce dé cap trong cac nghién ciru trude day [9] — [11]. Cu thé, 10 mg cua phic hop
nano CUR-CH dang bdt dong kho dugce hoa tan vao ethanol. Luong CUR chua trong dung
dich ethanol ciing dugc xac dinh bang phuong phap do quang phd UV-Vis ¢ budc song
423 nm. Tu do, xac dinh dugc lugng CUR chira trong 10 mg phitc hop nano CUR-CH.

Luong CUR trong phirc hop nano (mg)
Hiéu suat tao phic (%) = x 100 (1)
Luong CUR cho véo ban dau (mg)

Luong CUR trong phirc hgp nano (mg)
Suc tai (%) = x 100 2
Luong phac hgp nano (mg)

2.2. Kétqud va ban lugn
2.2.1. Chizng minh sy hinh thanh phuc hop nano giza CUR véi CHO, CH1, CH2, OCH
CUR c¢6 pKa la 8,4; 9,9 va 10,5 duoc hoa tan hoan toan trong KOH 0,1M qua qué
trinh khir proton nén dé dang tham gia phan @ng tao phirc [10]. Su ¢6 mat caa CUR trong
phicc hop nano CUR-CHO, CUR-CH1, CUR, CH2 va CUR-OCH duoc chitng minh bing
phuong phap phd hdng ngoai chuyén ddi Fourier (FTIR). Két qua tir Hinh 1 cho ta thay cac
peak: 1626, 1511, 1282 cm™ 1a céac peak dic trung cua CUR, thé hién cac dao dong kéo
cing cuia cac lién két C=0, Cysng-C=C va nhém enol C-O. Sy c6 mit cua cac peak nay
trong ph6 FTIR cuia CUR-CHO, CUR-CH1, CUR-CH2 va CUR-OCH di ching minh duoc
sw ¢6 mit cia CUR trong phic hop nano ndy. Ngoai ra, sy bién mét cua peak 1602 cm™
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(dc trung cua CUR) trong cac phd caa CUR-CHO, CUR-CH1, CUR-CH2, CUR-OCH di
cho thdy rang rang nhom C=0 la mét trong nhitng nhom da tham gia tuong tac véi phan tir
chitosan/oligochitosan dé hinh thanh phirc hop nano.

Phirc hgp CUR-CHO
Phire hgp CUR-CH1 /

1511 120
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= | Phirc hgp CUR-CH2 1626 /
S _—

=] - 1282
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= s

E Phirc hop CUR-OCH 0,0 — V)

= 4511 e

1626 —

CUR dang thé

2500 2000 1500 1000 500
S6 séng (cm)

Hinh 1. Phé hong ngogi chuyén doi Fourier (FTIR) ciia CUR dang thd va cac phirc hop nano
CUR-CHO0, CUR-CH1, CUR-CH2 va CUR-OCH
Su hinh thanh phtc hop nano gitra CUR véi CHO, CHI, CH2, OCH con dugc ching
minh bang hinh anh dugc chup béi FE-SEM (Hinh 2). Quan sat hinh anh FE-SEM cho
thiy CUR dang thd c6 dang vo dinh hinh. Trong khi d6, phirc hop CUR-CHO vira ¢d dang
hinh cau, vira c6 dang v dinh hinh. Tuy nhién, tat ca cac phic hop CUR-CH1, CUR-CH2
va CUR-OCH déu c6 dang hinh cau véi kich thudc nam trong khoang 100 — 300 nm.
Curcumin dang thé Phirc hgp CUR-CHO Phirc hgp CUR-CH1

........ - REO AR

Hinh 2. Hinh anh FE-SEM cua CUR dang thd va cac phic hop nano
CUR-CHO, CUR-CH1, CUR-CH2, CUR-OCH (khéng dung song siéu am dé giam kich thuoc)
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Viéc so sanh hinh thai cuaa cac phiac hgp nano CUR-CHO, CUR-CH1, CUR-CH2 va
CUR-OCH véi hinh thai CUR dang thd, két hop véi két qua phd héng ngoai chuyén doi
Fourier (FTIR) da chimg minh dugc su hinh thanh phac hop nano gitta CUR va CH co
KLPT khac nhau. Bong thoi, két qua hinh anh FE-SEM cho thiy KLPT polymer ciing anh
huong dang ké dén hinh thai cua phic hop tao thanh.

2.2.1. Anh hwong cia KLPT CH va séng siéu ém dén cac théng sé dic trung cua phitc hop
nano

Két qua & Hinh 3 cho ta thay kich thudc phac hop nano CUR-CHO bj anh huéng rét
nhiéu boi tac dong cua song siéu am. Cu thé, kich thude phic hop CUR-CHO sau khi xir i
boi song siéu am da giam tir 797 nm xudng con 347 nm. Tuy nhién, & cac trudng hop su
dung CH c6 KLPT thap (CH1, CH2) hoic OCH thi séng siéu am anh huong khdng nhiéu
dén kich thuéc phic hop nano hinh thanh. Cu thé, kich thuéc phic hop nano CUR-CH1,
CUR-CH2, CUR-OCH truéc va sau xt i bai song siéu &m lan luot 1a 173,5 nm va 149,6
nm; 143,6 nm va 110,6 nm; 103,4 nm va 93,3 nm. Mat khac, két qua Hinh 3 ciing chi ra
rang KLPT polymer ciing anh hudng rat nhiéu dén kich thudc phic hgp nano hinh thanh.
Viéc st dung polymer CH véi KLPT thap hon s& cho phtc hop nano véi kich thudc nho
hon. Cuy thé, phtc hgp nano CUR-CHO c¢6 kich thudc to hon gap 7 lan so véi kich thudc
cta phic hgp CUR-OCH (797 nm so véi 103 nm). Biéu nay 1a do CHO c6 KLPT rat Ién
(169,6 kDa), trong khi OCH c6 KLPT thip hon rat nhiéu (2,7 kDa). Ngoai ra, viéc giam
KLPT tir 33,5 kDa (CH1) xubng con 2,7 kDa (OCH) gitp phtic hop nano tao thanh c6 kich
thudc nho hon 2 1an.
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Hinh 3. Anh hwong ciia KLPT CH va song siéu am dén kich thuéc phirc hop nano hinh thanh
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Két qua & Hinh 4 ciing chi ra rang viéc sir dung séng siéu am da giam chi s6 phan tan
cta cac dich phan tan phic hop nano va gitp cac phtc hop nano trong dich phan tan dong
déu hon. Tuy nhién, khi st dung CH c6 KLPT thap (CH1, CH2) hoic OCH lam cho dich
phan tan tao thanh c6 chi s6 phan tan thap hon. Cu thé, chi sé phan tan cua dich phan tan
CUR-CH1, CUR-CH2 va CUR-OCH lan luot la: 0,337; 0,336 va 0,342, thép hon nhiéu so
vé6i chi sb phan tan cua dich phan tan CUR-CHO (0,406).
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Hinh 4. Anh huong ciia KLPT CH dén chi s phan tan phic hop nano hinh thanh

Ngoai ra, KLPT CH va song siéu 4m ciing anh huong dang ké dén thé zeta cua phic
hop nano tao thanh. Nhu dugc trinh bay & Hinh 5, thé zeta ctia phtc hop nano ting 1én khi
CH c6 KLPT thap hon duoc st dung. Diéu nay la do phtic hop nano st dung CH c6 KLPT
thip hon sé& c6 kich thuéc nhé hon (Hinh 3), ma kich thuéc nho hon sé lam ting mat do
dién tich bé mat caa phic hop nano, tir 6 1am ting gia tri thé zeta [12]. Mt khac, két qua
& Hinh 5 ciing cho thay song siéu am lam giam gia tri thé zeta cua cac phic hop nano do
su oxy hoa goc -NH, cia CH dudi tac dong ciia song siéu am [13].
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Hinh 5. Anh hieong cia KLPT CH dén thé zeta cia phitc hop nano tgo thanh
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Két qua cia Hinh 6 ciing cho thay viéc sir dung CH c¢d KLPT thap (CH1, CH2) hoic
CHO chang nhiing khong anh huong ma con lam ting hiéu suat tao phuc va suc tai cua
phtc hop nano hinh thanh. Cu thé, hiéu suit tao phic va stc tai caa tat ca cac phic hop
nano hinh thanh déu lan luot dat trén 90% va 76%. Trong do, viéc sir dung OCH cho hiéu
Suit tao phtrc va suc tai lan luot 1a 97,2% va 82,7%, cao hon nhiéu so véi viéc sir dung
CHO (90,7% va 76,2%).
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Hinh 6. Anh hirong ciia KLPT CH dén hiéu sudt tao phirc
va suc tai cua phurc hop nano tgo thanh

3.  Kétluan

Céc két qua trén da chitng minh KLPT caa CH anh huong rat nhiéu dén cac dac diém
(kich thudc, chi sb phan tan, thé zeta, hiéu suat tao phtic va sic tai) cua phic hop nano
hinh thanh. Sy hinh thanh phic hop nano gitta CUR vaéi CHO, CHI, CH2 va OCH da dugc
chang minh bang pho hdng ngoai chuyén d6i Fourier (FTIR) va hinh anh FE-SEM. Két
qua cia nghién ctru nay ciing chi ra rang viéc s dung OCH dé tao phac hop nano véi
CUR di gitip phirc hop tao thanh c6 cac thong s6 dac diém tt nhat véi kich thuéc 103 nm,
chi s6 phan tan 0,342 va thé zeta dat 20,90 mV, hiéu sut tao phuc va stc tai lan luot 12
97,2% va 82,7%. Day ciing 1a nghién ctru dau tién trén thé gigi vé viéc sir dung
oligochitosan trong tong hop phirc hgp nano vai chat hoat tinh CUR. Ngoai ra, két qua con
chang minh dugc viée sir dung oligomer (OCH) dé tong hop phirc hgp nano con giup don
gian hoa quy trinh tong hop phirc hop nano (giam di cong doan sir dung song siéu am) va
didu nay co y nghia quan trong trong san xuat phirc hop nano & quy md cdng nghiép.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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