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PREPARATION AND CHARACTERIZATION OF SORAFENIB-LOADED GUM ARABIC-
CHITOSAN COMPLEX COACERVATION
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Tém tit - Vi nang dang duoc st dung rong réi trong y dugc nhu
ta dugc tai thude, nang cao sinh kha dung cia cac thuoc khong
tan trong nude. Trong nghién ciru nay, nhom tac gia da tong hop
vi nang Gum Arabic-Chitosan (GA-CS) dé tai Sorafenib, mét loai
thube khong tan trong nude, dang dugc st dung dé chira nhiéu
loai bénh ung thu. Hinh anh huynh quang, tan xa anh sang dong
(DLS) va kha nang tai thudc ciia vi nang di dugc phan tich, danh
gid. Gid tri thé zeta cho thdy, tai pH 3,4, ti 1& thé tich thich hop
cho phan ung gitta Chitosan 1% : Gum Arabic 5% la 1 : 1. Hinh
anh huynh quang cho thdy, Sorafenib di dwoc bao boc thanh cong
bdi vi nang; va tu dit liéu DLS chung ta biét duoc tan xa 4nh sang
dong cua cac vi nang nay khoang 6,3 pm.

Tw khéa - Vi nang; Sorafenib; Gum Arabic; Chitosan; tai
thudce

1. Pit van dé

Vi nang 1a nhitng hat chat mang, c¢6 kich thuge tir 1 —
1000 pm [1], bat diu duoc nghién ctru vao nam 1929. Tai
thoi diém nay, gelatin dang hinh ciu lan dau tién dugc
tong hop thanh cong thong qua qua trinh ddng keo tu [2].
Vi nang duoc str dung rong rai dé tai cac hop chat trong
duoc pham, my pham hodc thuc pham, vi du nhu thudc,
protein, hormone, huong li€u, ... [3]. Do c6 16p mang
mong dugc hinh thanh trong qua trinh phan ng, n6 cé
thé bao boc cic chit bén trong va c6 1ap ching véi moi
truong bén ngoai [4]. Vi vay, vi nang c6 vai tro bao vé va
lam bén cac chat bén trong khoi céc tac nhan oxi hoa, hodc
moi trudng bén ngoai, ... [5]. Ngoai ra, vi nang con co thé
kiém soat su giai phong clia cic chét bi bao boc trong nd
vao co thé nguoi. Trong cac loai vi nang thi vi nang tong
hop tr Gum Arabic va Chitosan dang dugc dac bi¢t chu
trong [6, 7].

Gum Arabic (GA) 1a mdt vat li€u phu gia, thudc nhom
polysaccharide, dugc st dung rong rai trong cong nghiép
do ¢6 bé mit hoat hoa rat t6t va d6 nhét thdp. Bé mit GA
chira cac nhom carboxyl (-COOH), vi vay dé bi ion hoa tao
nén bé mit mang dién tich &m. Vi vay, né duogc sir dung
phd bién dé tao cac hop chat ddng phic hop vdi protein
hoac polysaccharide mang dién tich dwong khac [8].
Chitosan (CS) la hop chat polysaccharide tu nhién, mot
dang din xuat cua chitin, dugc chiét xuit thong qua phan
tmg deacetyl hoa chitin [9]. CS ¢6 mét s6 luong 16n cac
nhém amino (-NHy) va hydroxyl (-OH) nén bé mat d& dang
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bi ion hoa va mang dién tich duong. N6 c6 kha nang canh
tranh sinh hoc cao, dé dang bi phan hity sinh hoc va khong
ddc, do d6 da dugc st dung rong rai dé 1am chét phu gia
trong dugc pham, thyc phdm, my pham, nhu
microsphere (hat cau c6 kich thuéc micro), vat lidu nano,
hydrogels, microgels, ... [10]. Ngoai ra, vi nang tir CS con
¢6 kha nang lam chdm va kiém soat sy giai phong cua
thude, tir d6 lam tang sinh kha dung cua thudc, dic biét 1a
cac loai thudc khong tan trong nude [11].

Thudc dugc sir dung trong nghién ciru nay 1a Sorafenib
(Sor). Pay 1a mot loai thudc chira dwoc nhiéu bénh ung thu
nho kha nang ngan ngua sy hinh thanh cac mach mau méi,
tir d6 cét dit ngudn dinh dudng nudi 16n té bao ung thu va
ngin ngira sy phat trién cta khéi u [12, 13]. Tuy nhién, Sor
khong tan trong nudc, do do sinh kha dung ctia n6 bi han
ché [14, 15].

Dé tang kha nang truyén tai thudc vao co thé, Sor duoc
tdi bdi cac vi nang. Trong bai bdo nay, nhom tac gia
nghién ctru tdng hop vi nang Gum Arabic-Chitosan-tai
Sor (GA-CS-Sor) thong qua qua trinh ddng keo tu. Dé lya
chon ti 1& khoi lugng tai gia tri pH thich hgp cho qua trinh
phan tmg, nhom téc gia da do gia tri thé zeta ctia hai dung
dich GA va CS. Sau khi tong hop, loai vi nang nay da
duogc phan tich cac dac trung dua trén hinh anh quang hoc
thong thuong va hinh anh huynh quang phat xa tia UV.
Kich thuéc hat dugc do bang phuong phap tan xa anh
sang dong. Kha ning tai thudc cua vi nang ciing di duoc
do, tinh toan va phan tich.
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2. Nguyén liéu va phwong phap nghién ciru
2.1. Nguyén li¢u

Gum Arabic c6 khdi lugng phan tir ~250.000 Da,
Chitosan c6 khoi lugng phan tir ~5.000 Da, va Sorafenib tu
do (d6 tinh khiét 99%) duoc mua tir cong ty dugc Dong
Trung Quodc. Nudéc cat duge st dung 1a r}udc cat hai lép;
DMSO, glutaraldehyde 4% va methanol déu dat tiéu chuan
phan tich.

2.2. Phuwong phap
2.2.1. Gid tri thé zeta

Céc dung dich Gum Arabic va Chitosan c6 nong do 1%
duoc chuan bi béng cach hoa tan cac chat rin GA va CS
vao nudc cat 2 1an, khudy lién tuc trong 6 gid' & nhiét do
50°C, diéu chinh pH bang HCI 0,1 mol L' va NaOH
0,1 mol L, gitr qua dém & nhiét d¢ 4°C. Céc gia tri thé zeta
ctia dung dich Gum Arabic va Chitosan tai cac diém pH khac
nhau tir 3 dén 6, dugc do ¢ nhiét d6 phong bang thiét bi do
Zetasizer 3000 (Malvern Instrument, Worcestershire, UK).
2.2.2. Tong hop vi nang GA-CS-Sor

Vinang duoc tong hop thong qua qua trinh dong keo ty
clia 2 chét ludng tinh, chét co diém dang dién thap (chat
nhii - GA) dugc cho vao hé phan ung trudc, chat mang
diém dang dién cao (chat phirc hop - CS) duoc cho vao hdn
hop phan tmg sau [16]. Quy trinh thyuc hién cu thé nhu sau:
Dau tién, cho 20 mL GA 5% (chat nhii) vao cdc phan img,
dun néng & 50°C va khuay 1000 vong/phit trong 5 phit,
sau d6 vira khudy vira nho vao timg giot dung dich Sor
trong DMSO (ndng d6 1; 2; 3; 4; 5 va 6 mg mL™). Sau khi
nho xong tong cong 4 mL dung dich Sor, hdn hop dugc
khudy thém 5 phut nita. Sau d6, 20 mL dung dich CS 1%
(chat phirc hop, da duoc gia nhiét & 50°C) dwoc nho tir tir
vao hon hop trén. Giit hdn hop ¢ diéu kién trén trong vong
1 gio dé cac chét phan tan déu vao nhau. Sau d6, hon hop
dugc diéu chinh vé pH 3,4 bang HC1 0,1 mol L™ va NaOH
0,1 mol L™ rdi tiép tuc khuay trong t (gi0) nira dé phan tng
X4y ra, cac gia tri t (gid) can khao sat lan luot 14 0,5; 1,0;
2,0 va 3,0 gio. Sau d6, nhé dung dich hdon hop trén vao 40
mL nudc am 40°C va khuéy. Pé lam bén vi nang, 10 mL
glutaraldehyde 4% duoc cho cham vao hdn hop trén (luong
glutaraldehyde da dugc tinh toan st dung du [17]). Sau khi
tiép tuc khudy trong vong
1 gio, cbe phan g dwoc lam ngudi dén nhiét do phong.
Hon hop duoc ly tAm trong thoi gian 5 phit & tbc d6 cham
400 vong/pht, phan chét rin dugc ria sach Sor du bing
methanol 2 — 3 lan, va rira GA, CS du, céc vi nang c6 kich
thuéc nho bang nudc cat 2 — 3 lan. S'Qiy chan khong chat
ran thu duge & 30°C trong 5 gid. Vi nang thu dwgc phan
tan lai vao nudc cat dé phan tich két qua.

2.2.3. Tinh chdt cia vi nang

a. Hinh thai vi nang

Hinh anh cta cac vi nang (v6i nong d6 Sor ban dau l1a
4 mg mL?) duoc ghi lai va phan tich bang kinh hién vi
huynh quang két ndi may tinh Nikon DS-Ri2 (Nikon
Corporation; Japan) trong viing anh sang tring va ving 4nh
sang tir ngoai c6 budc song 375 nm.

b. Kich thwéc vi nang

Kich thuéc vi nang dugc do theo phuong phap tan xa

anh sang dong (DLS) trén may phan tich kich thudc hat c&
micro LS 13 320 XR (Beckman Coulter, USA). Sau khi ly
tam, loc rua béng nudce ct nhiéu lan, vi nang dugc phan
tan lai vao nudc cat va duoc tién hanh do kich thudc thuy
dong luc hoc.

2.2.4. Khd ndng tai thuéc

Ham luong cua Sor dugc tai bodi cic vi nang dugce do
bang may Thermo Scientific Evolution 300 UV-Vis
spectrometer (Thermo Scientific, Waltham, MA). Sau khi
ly tam, loc, rira bang nudc cat, tit ca phan dung dich duoc
gom lai véi nhau, va dinh muc dén 250 mL bé’mg methanol,
voi lugng methanol khoang 50% (véi muc dich hoa tan
luong Sor khong tan trong nuéc). Po hap thu UV-Vis cia
Sor du trong dung dich duoc do va néng d6 cua no6 duogc
tinh dya trén duong chuén néng d6 - do h?ip thu tia UV-Vis
cia Sor trong dung dich nudc : methanol (1:1, v/v),
y = 132,0*x + 0,03609 va R? = 0,9998 (Hinh 4a).

Kha ning tai thude (drug loading, DL%) va hiéu suat
tai thudc (encapsulation efficiency, EE%) cua vi nang duogc
tinh dya theo cong thie (1) va (2):

DL% = 22=54¢ 1009, 1)

Tan

Ssd“ 100% )

o

EE% =

Trong d6, DL% la lugng thube dugc tai boi vi nang;
EE% la hiéu suét tai thude; S, 1a n6ng d0 cua Sor ban dau;
Sav 12 Ivgng Sor du khong bi tai con lai trong dung dich, va
Mién 14 tong khéi luong vi nang can duoc sau khi loc, rira
va sy.

3. Két qua va thao luin
3.1. Thé zeta ciia Gum Arabic va Chitosan

Qua trinh ddng keo tu giita chat nhii (GA) va chét phirc
hop (CS) chit yéu dua trén luyc tuong tac tinh dién giita 2
vét liéu mang dién tich trai déu [16]. Do do, viéc danh gia
thé zeta cua vat lidu rat quan trong dé Iya chon ti 18 khéi
lwong va gid tri pH phit hop cho qua trinh ddng keo ty nay.
Hinh 1 thé hién thé zeta cua cac dung dich GA 1% va
CS 1%. Két qua cho thiy, trong khoang gia tri pH tir 3 — 6,
bé mit ciia GA mang dién tich 4m va gi4 tri ndy giam tir -
7 dén -14 khi pH ting, trong khi d6 dién tich trén bé mit
cua CS lai c6 gia tri duong. Dién tich bé mat cia CS gidm
manh khi pH ting; cu thé khi pH dung dich bang 3, gi tri
thé zeta ciia n6 14 63 nhung khi pH dung dich 12 6 thi thé
zeta xép xi 0.
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Hinh 1. Tiém ndng zeta ciia GA va CS trong ving pH 3 — 6
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Két qua nay phu hop véi dic trung cua ching. GA 1a
anion polysaccharide, voi bé mat bén ngoai mang nhiéu
nhom carboxyl voi giad tri pKa khoang 3.5, do d6 trong
khoang pH 3 — 6, GA mang dién tich am. Ngugc lai, CS
(pKa 12 6.8) la cation polysaccharide, véi nhiéu nhom
amino trén bé mat [18]. Nhu vay c6 thé thdy rang, trong
khoang pH 3 — 6, néu diéu chinh ti 18 khdi lwong chat nhii
va chét phirc hop thich hop thi qué trinh c6 thé xay ra.

3.2. Téng hop vi nang

Dé phan mg dat hidu sudt tt nhat thi tong nong do cta
cac chat phan (mg (m/v) khoang 3% [19]. Do d6, gia tri pH
phil hop ctia qua trinh dong keo tu gitta GA va CS dugc
chon 14 3.4, véi ti 18 khdi luong giita GA (tiém nang zeta
~-11 mV) va CS (tiém ning zeta ~50 mV) la 5:1. Vi vay,
dung dich GA dugc chuén bi co néng d61a 5%, CS cod néng
d6 1%, va ti 1¢ thé tich gitra GA 5% : CS 1% la 1:1.

@ (b)

® (h)

Hinh 2. Hinh anh kinh hién vi dwdi anh sang tring (trdi) va
huynh quang phat xa tia tir ngoai (phdai) ciia GA-CS-Sor sau
thoi gian phan g (a), (b) 0.5 gio; (c), (d) 1 gio; (e),

() 2 giova (g), (h) 3 gio

Hinh anh ctia san phdm duéi kinh hién vi duoc thé hién
o Hinh 2. Vi nang trong Hinh 2a va 2b véi cac hat kich
thude rat bé va roi rac, cho thiy thoi gian phan tmg 30 phit
chua dii dé cac chat phan tng két hop lai tao vi nang. It
nhit 60 phut phan tng thi phan tmg tao dugc san pham, tuy
nhién kich thudc hat con qua bé vai duong kinh dudi 1 pm
(Hinh 2c¢). Khi tang thoi gian phan ung, kich thudc vi nang
tang dan. Sau 2 gid phan ung, vi nang dat kich thudc
micromet phu hop (duong kinh khoang 10 um, Hinh 2e).
Hinh 2g cho thiy khi thoi gian phan ng 1a 3 gio, cac san
pham vi nang c6 kich thuéc rat khong dong déu. Tuy da sb
hat ¢6 kich thuéc 5 um, vin c6 mot sé vi nang c6 kich

thude rat 16m, duong kinh khoang 40 um, dugc tao nén do
su tu tdp clia cac hat nho (< 5 pm). Vi vay, thoi gian phan
ung 2 gio dugc chon la thoi gian thich hgp cho phan Gng
tong hop vi nang giita GA va CS.

Ngoai ra, hinh dnh huynh quang trong ving UV tuong
mg (Hinh 2d, 2f va 2h) cho thy Sor dugc phan tan déu
vao cac hat vi nang voi cac hat co anh sang xanh dac trung.
Diéu nay c6 thé giai thich do h¢ lién hop ... trong ciu
triic phan tir, Sor cd thé hép thu tia UV va phat xa lai anh
sang xanh, ma GA va CS khong co.

Tir cac hinh anh trén Hinh 2 c6 thé danh gi4 ban déu Sor
da duogc tai thanh cong vao cac vat liu chat mang, va thoi
gian phan tmg dé tao vi nang c6 kich thudc phi hop 1a 2 gio.
3.3. Kich thwéc vi nang

Theo céc nghién ctru, kich thudc hat ciia vi nang rét
quan trong trong viéc tai thudc va truyén thude vao co thé,
do n6 anh huong dén téc do giai phong thude [20]. Khi kich
thude hat nho, bé mat tiép xuc cua hat 16n dan dén tc do
giai phong thudc nhanh, va nguoc lai. Tuy nhién, thude khi
dugc tai boi cac hat co kich thudc nho c6 thé phan bd dong
déu hon so v6i cac hat 16n [20]. Do d6, cac vi nang can co
kich thudc hat nhit dinh dam bao sy phan bd thude ddng
déu, va tir d6 c6 thé kiém soat tét hon ham luong thube
dugc tai va duoc giai phong tir cac vat liéu nay. Két hop
két qua tir hinh anh huynh quang véi kich thudc thiry dong
hoc DLS ctia GA-CS-Sor cho thay hat phan b kha déu va
d6 phan b cua hat kha hep véi kich thude hat trung binh
dgo khoang 6.3 um (Hinh 3). Ngoai ra, Hinh 3 con cho thay
khong c6 ddu hiéu ctia nhitng hat c6 kich thude 16n vai trim
hay vai nghin um, ching t6 sy phan tan cia chung trong
nudce 1a kha ot va khong c6 hién tugng nhitng hat nhoé tu
hop lai v&i nhau [21].
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Hinh 3. Phdn bé kich thudc hat vi nang GA-CS-Sor
3.4. Khd ndng tdi thudc
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Kha ning tai thude duge danh gia boi lwong thude duogce
tii DL% va hi¢u suat tai thudc EE%. Sor la thudc khong
tan trong nudc, do d6 da gdy tro ngai trong viéc ting nong
d6 ban dau cta Sor, néu ndng dod ting qua cao, khi nho tir
tor Sor dang hoa tan trong dung méi DMSO vao hé phan
(g trong dung moi nudc s& gay két tua cuc bo [20], tir d6
gdy ra viéc tai thudc khong déu vao cac hat vi nang, hoic
két tiia va khong thé bi bao boc lai bai cac hat nay. Do do,
ndng d6 Sor dwoc lwa chon nghién ciru tir 1 — 6 mg mL™,

Két qua & Hinh 4b cho thiy, tuy luong thude duogc tai
it, v6i DL% bé hon 1.2%, nhung hi¢u suat tai thudc kha
cao, voi EE% dat dén 60% khi nong d6 Sor 1a 4 mg mL™.,
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Nhu vy, nong d6 tdi da ctia Sor dugc tai trong vi nang khi
phan b vao nudc 1a 2.4 mg mL, cao hon rat nhiéu so voi
Sor tu do trong nudc (~0.001 mg mL?) [22]. Khi nong do
dung dich Sor ban dau tang thi DL% va EE% ting, nhung
khi ndng d6 cao hon 5 mg mL* thi DL% khong ting thém
dugc nira, két qua nay dugce hién thi rd khi EE% giam déng
ké. Diéu nay c6 thé giai thich do kha ning két tiia cta Sor
tang khi thay d6i tir dung moi DMSO sang dung méi nudc,
tir 46 lam giam kha ning bao boc ciia cac chat nhii va chat
phirc hop. Hodc ciing c6 thé do khong gian trong cia vi
nang giam; do d6 lugng thude phan b vao giira cac khong
gian d6 ciing giam. Nhu vay, ndng do Sor 4 mg mL* la
ndng d¢ t6t nhat dwoc st dung tao vi nang.

0.8 12/ ® OL% e EE% &
R?=0.9998
061 ; 4§i' f 60
0g ¥ *
. ~ m
0.4 3 A Lao m
D ES

04+ '
0.2 / k20

Y =132.0"X + 0.03608 Vi nang GA-CS-Sor
T T
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00 y Y 0.0 0
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Hinh 4. (@) Puong tiéu chudn ciia Sor trong dung dich hén hop
nudc . methanol (1:1), (b) DL% va EE% ciia GA-CS-Sor

4. Két luan

Nhom tac gia da nghién ciru, tong hop thanh cong vi
nang Gum Arabic-Chitosan (dugc st dung nhu cac chat
phu gia) dé tai Sorafenib. Két qua cho thiy, v6i 20 mL dung
dich Gum Arabic 5%, 20 mL dung dich Chitosan 1% va
4 mL dung dich Sorafenib 4 mg mL, thi sau 2 gi® vi nang
¢6 dang hinh cAu sé& tao thanh, véi kich thude hat phan bd
déu & gia tri khoang 6,3 pm. Ngoai ra, tai nong do
Sorafenib nhu trén thi kha ning phan tan Sorafenib cua vi
nang cao hon nhiéu so voi do tan ciia thude ty do trong
nudc. Vi vdy, vi nang Gum Arabic-Chitosan-Sorafenib
dugc danh gia 1a c6 tiém ning dé sir dung trong y hoc, nang
cao kha ning tai thudc, tir 46 s& nang cao sinh kha dung
cua Sorafenib.
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