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Summary

Polymeric microspheres containing protein has received much attention for protein delivery
application. Of those, sodium alginate is commonly employed as the polymer for microencapsulation
thanks to its biocompatible and biodegradable characteristic. Emulsification method is of interest to
prepare microspheres with desired diameter while maintain the nature of protein. However, this
method has not commonly applied for sodium alginate-based microsphere. Current study aimed to
propose a preparation process via emulsification to produce sodium alginate microspheres loaded
with bovine serum albumin. The effect of formulation variables (alginate concentration, surfactant
concentration, duration and speed of stirring, ratio volume of water phase to oil phase) on the size
and drug loading of achieved microspheres were investigated. The microscopy observations during
the process were carried out to determine the formation of microspheres. The morphology and in
vitro release of protein from final microspheres product were also evaluated. The results show that
formulation with 3 % sodium alginate, 10 % span 80, stirring duration about 12 min, stirring speed
400 rpm and volume ratio of aqueous phase to oil phase 1:3 (v/v) is sufficient to form microsphere
with about 87 + 6 um diameter and protein loading ratio about 17.01 + 0.51%. Microspheres were

spherical and the in vitro release profile follow a controlled - release manner.
Keywords: Microsphere, sodium alginate, bovine serum albumin.

Dit van dé

Hé chuyén giao thuéc dang vi ciu chira
protein la nhirng vi tleu phan kich thwéc hang
micromet cau tao gébm protein dwoc phan bb
trong khung polyme. Vi kich thuoc nhd, cung
kha nang kiém soat sw _phdng thich dwoc chét,
vi cau cé tiém ndng dé& ap dung cho cac ché
phdm tri liéu chiva protein. Mot sb polyme da
dwoc ap dung trong nghién cru bao ché vi cau
nhw polylactic-co-glycolic, ethylcellulose,
hydroxypropyl methylcellulose, natri alginat...
Trong dé, natri alginat c6 tinh twong thich sinh
hoc, phan hly sinh hoc va gia thanh phu hop
nén ngay cang nhan dwoc nhiéu sy quan tam
nghién clru clia c&c nha bao ché.

Céac phwong phap dé bao ché vi cu chira
protein tlr natri alginat kha da dang. Hwéng tiép
can don gian nhat la nhd giot dung dich natri
alginat chira protein ndng d6 xac dinh vao dung
dich CaCl,. Tuy nhién, phwong phap nay tao ra
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tiéu phan co kich thwoc Ion, thwong & hang
milimet . Viéc ap dung ky thuat say phun clng
bi han ché do protein c6 thé bj bat &n dinh khi
tiép xuc nhiét do cao. Vi vay, dé dap tng dong
thoi cac yéu cau vé mét kich thwéc va han ché
su thoai bién clia protein, quy trinh diéu ché vi
cau bang cach tao nhii twong thudng duoc lva
chon. Phuwong phap nay cho phép tao ra vi cau
dang ran cé kich thwéc trung binh nhd. Tuy
nhién, qua trinh diéu ché doi hdi kiém soat nhiéu
thong sb dé cé thé tao vi cau dap ng cac tiéu
chi hiéu suét bét gitr cao, kich thwéc trung binh
phu hop.

Nghién clru nay dwoc thwc hién nham xay
dwng quy trinh kha thi dé& bao ché vi ciu natri
alginat chira protein mé hinh bovine serum
albumin c¢é kich thwéc trung binh dwédi 100 pm
va ti 1é tai protein I&n hon 15%. Qua trinh hinh
thanh vi cau ddng thoi dwoc danh gia, tr do,
lam co s& phat trién cac dang thubc phéng thich
kéo dai chira protein.

Nguyén vat liéu va phwong phap
nghién clru

Nguyén vat liéu

Protein md hinh dwgc s dung trong nghién
ctru la Bovine Serum Albumin (BSA) (Himedia,
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An Do). Cac nguyén liéu khac bao gdm natri
alginat (FMC Biopolymer, Anh), calci clorid,
tween 80, span 80, aceton, isooctan (Vina
Chemsol, Viét Nam).

Phwong phap bao ché vi cau

Hoa tan 0,2 g BSA vao 25,0 g dung dich natri
alginat c6 néng doé xac dinh (1%; 3% va 5%,
kI/kl), thu dwgre dung dich A. Nhid hdéa dung dich
A vao 37,5 g dung dich isooctan chira mét luvong
span 80 bang may dong nhat héa & 3000 rpm
trong 10 phat dé tao nhil twong nwéc/dau (B).
Thém twr tir mot lwong tween 80, khudy 3000
rpom trong 5 phat. H6n hop tao thanh duwoc cho
vao 12,5 g dung dich CaCl, 8%, khuéy 350 rpm
trong 20 phut. Thém 12,5 g aceton vao hén hop,
khuay 10 phut Loc hén hop thu duwoc dwéi ap
suét g|am rira vi cau trén loc bang aceton trudc
khi say & 37 °C trong 2 gio.

Phwong phap danh gia
hinh thanh vi cau

Qua trinh hinh thanh vi cdu dwoc xac dinh
bang thwc nghiém. CAu truc vi tiéu phan/hén
hop hinh thanh trong qua trinh diéu ché duwoc
danh gia bang phuwong phap nhuém Sudan
lll/benzen va quan sat dwdi kinh hién vi quang
hoc Olympus CX21 - FS (Anh). Kich thwéc vi
tiéu phan dwoc phan tich bang thiét bi
Mastersizer-3000 (Phap). Tinh chat cia BSA
sau khi bat gitv dwoc phan tich bing phuwong
phap dién di gel polyacrylamid.

Phwong phap danh gia tinh chat vi cau

Ty Ié tai protein

Ty lé tai protein dwoc xac dinh bang thwc
nghiém (n = 3), s dung phwong phap dinh
lwong bang quang phd UV. Chuan bi dung dich
mau chuan cé nong d6 500 ug/mL. Dung dich
mau the dwoc chuan bi béng cach can chinh
xac khoang mét lwgng vi cau cho vao binh nén
50 mL, thém khoang 20 mL nwéc cét, khudy tir
600 rpm trong 2 gi®. Loc hén hop thu duwgc qua

qua trinh

mang loc 0,45 pym vao binh dinh mirc 50 mL,
trang binh nén 3 lan, méi 1an véi khoang 5,0 mL
nwéc cat, bd sung thé tich dén vach. Dung dich
mau chuan va mau thtr sau dé dwoc do quang
phd UV & budc séng 278 nm.

Cdc tinh chat héa ly

Kich thuwéc vi cau dwoc danh gia dwoc bang
thiét bi Mastersizer-3000 (Phap) (n = 5). Hinh
thai hoc bé mat cla vi cau duoc danh gia bang
kinh hién vi quét dién t&r quét FESEM S4800.

D6 giai phéng hoat chat in vitro

Puoc xac dinh bang thwc nghiém, st dung
may th&r d6 hoa tan Labinda DS 1400. Cho 1,0 g
vi cdu cho vao cbc hoa tan. Thém 500 mL nwéc
cét (ho&c dém PBS, pH 7.,4), diéu chinh nhiét dé
37 °C, téc d6 canh khudy 100 rpm. O céac thoi
diém 0,5 gio, 1 gio, 2 gio, 3 gid, 4 giv, 5 gio, 6
gi®, 8 gi®, 12 gi® rat 10,0 mL dung dich tor cdc
thir, loc qua mang loc millipore 0,45 pm vao 6ng
nghiém. Luong protein co6 trong dung dich nay
duoc dinh lwong bang quang. pho hép thu UV &
buwdc séng 278 nm. Sau méi lan rat mau, bd
sung 10,0 mL méi trwong thir. Thir nghiém nay
dwoc |&p lai 3 1an va lay gia tri trung binh.

Két qua va ban luan

Xay dwng quy trinh bao ché vi cau
natri alginat

Quy trinh bao ché vi ciu natri alginat bao
gdbm hai giai doan co ban (i) tao nhii tuwong
nwéc/dau chiva pha phan tan natri alginat - BSA
c6 kich thwéc trung binh phu hop, (ii) cho nhi
twong tiép xuc v&i dung dich chira i ion ca®. Noi
dung nghién ctu khao sat cac yéu tb & giai
doan tao nhii twong bao gbm (i) ndng dé dung
dich natri alginat, (ii) nébng d6 chat nhi hoa, (iii)
thoi gian nhi héa, (iv) tbc d6 nhii héa, (v) ti 1é
pha nwéc:pha dau. Cac thi nghiém (TN) dwoc
bd tri nhw bang 1.

Bang 1. Thi nghiém khéo sét théng sb diéu ché vi cau natri alginate

Cdc théng sé diéu ché

Tinh chat vi cau

Néng d6  Néng do Thoi gian

Ty Ié pha

STT polyme Span (%, nhi héa Tc"S,c do nha nwéc : pha Kich thuoc Ty ;/é’ tfi
(%) ) (ohut) héa (rpm) dau () (km) thudc (%)
TN1 1 5 10 3000 1,0:1,5 261+17 11,50+ 0,43
TN2 3 5 10 3000 1,0:1,5 314+15  12,78+0,52
TN3 5 5 10 3000 1,0:1,5 - -
TN4 3 10 10 3000 1,0:1,5 225+10  13,33+0,61
TN5 3 10 12 3000 1,0:1,5 182+3  13,53+0,72
TN6 3 10 12 4000 1,0:1,5 161+3  13,47+0,48
N7 3 10 12 3000 1,0:2,0 146+5 17,20 + 0,67
TNS 3 10 12 3000 1,0:3,0 87+6 17,01 + 0,51
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Anh hwéng cua néng dé polyme

Két qua TN1 va TN2 cho thay kich thwéc trung
binh vi cau ting tr 261 + 17 ym 1én 314 + 15 pm
khi néng d6 dung dich natri alginat thay ddi tir
1% dén 3%. Két qua nay dbéng thuan véi nghién
clru clia Sheu va CS., Ramos va CS. %, Bén
canh do, ty 1é tai protein tang & cac khao sat st
dung ndng d6 natri alginat cao hon. Nguyén
nhan do & néng doé cao, chudi natri alginat lién
két chat ché, cau tric gel tao thanh dic khit,
khoang trébng nhd, protein phan 1&n dwoc bat
gitv trén mang lwGi lién két chéo, khong théat
thoat ra ngoai trong qua trinh diéu ché. Thi
nghiém st dung natri alginat nong d6 5% (TN3)
khong thu dwoc vi tiéu phan hinh ciu, chi thu
dwoc dang soi.

Anh hwéng ctia néng dé chat nhi héa

Trong qua trinh diéu ché nhi twong, kich
thwéc trung binh pha phan tan giam dan, dién
tich bé mét tdng, dan dén thay déi ning lwong
tw do bé mé&t. Két qua 1a nhi twong béat 6n dinh
vé méat dong hoc, pha phan tan cé xu hwéng két
tu lai v&i nhau. D& dap ng dong thoi hai yéu
cau (i) bén virtng v& mat dong hoc, (ii) kich
thwéc trung binh pha phan tan nhd, can s
dung thém chét nhii hoa trong diéu ché.

Khi tang ndng d6 chat nhil héa t 5% lén
10% (kl/kl, so v&i pha dau) (TN2 so véi TN4), vi
cau tao thanh gidm kich thwéc trung binh twong
&ng 314 + 15 ym va 225 + 10 ym. O ndng do
Span thap (TN2), nhii twong tao thanh kém én
dinh hon, cac giot polyme cé xu hwéng két tu
dan dén vi cau tao thanh cé kich thuéc trung
binh I&n.

Anh hwéng cua thoi gian nhii héa va
téc dé nhi héa

Thoi gian nhii héa, tdc d6 nhii hdéa c6 anh
hwédng dén kich thwéc trung binh vi cau. Khi
tang thoi gian nhd héa 10 phut (TN4) 1én 12
phut (TN5) kich thwéc trung binh vi cau gidm tw
225 £ 10 ym con 182 + 3 uym. Tuwong tw, kich
thwdc vi ciu cling gidm khi tdng téc d6 nhii hoa
ttr 3000 rpm (TN5) 1én 4000 rpm (TN6). Ngoai
kich thwéc vi cau, thoi gian nhii héa va toc do
nhi héa khéng cé anh hwdng dang ké dén ty e
tai thubc.

Anh hwéng cua ti 1é pha nwéc : pha dau

So sanh vi cau tao béi TN5, TN7 va TN8, ¢6
thé thay kich thwdc trung binh vi ciu gidm, ti &
tai protein ting dang ké khi ty 1& pha dau tang.
O TN8, véi ti 1&é pha nwécpha dau la 1,0:3,0
(tt/tt), kich thwéc trung binh vi cau tao thanh 1a
87 + 6 um, ti 1& tai 17,01%. Nguyén nhan cla
hién twong nay co thé do khi thé tich pha ngoai
tang, lwc tac dong clia pha ngoai isooctan Ién
cac giot nhii twong 16n hon, 1am chuyén hwéng
chuyén déng va cham binh thuong clGa pha
phan tan (théng thwong vi tiéu phan pha phan
tan c6 xu hwéng di chuyén lai gan nhau) @
Doéng thoi thé tich pha dau tang ciling 1am tang
khoang cach gitra cac giot nhii twong, xac suat
tiép xuc va két tu giot nhii twong gidm.

Tém lai, TN8 véi ndng dé alginate 3%, néng
dod span 80 la 10%, qua trinh nhi hoa trong 12
phut & tbc dd 4000 rpm, ti I& pha nwéc pha dau
1,0:3,0 (tt/tt) I& phu hop dé tao ra vi cau co kich
thwde trung binh dwdi 100 um va ti 1é tai protein
I&n hon 15%. Diéu kién thi nghiém nay duoc lap
lai d& xac dinh co ché hinh thanh vi cau ciing
nhw danh gia hinh thai hoc va kha nang giai
phéng hoat chat cla vi cau tao thanh.

Co ché hinh thanh vi cau natri alginat

Trong nghién cru nay, phwong phap bao ché
dwoc cai tién dya trén nghién clru ctia Wan va
CS. 1. Do vay, qua trinh hinh thanh vi cau natri
alginat can dwoc danh gia. Quan sat sy thay déi
cAu tric cGa hé sau khi c6 sy tiép xuc gitva
CaCl, va nhii twong cho thdy hé van gitv cau
tric nhii twong nwéc/dau, dong thoi co sy hinh
thanh vi cAu trong cbc phan (ing. Co' ché cla sy
tao thanh vi cau co thé giai thich dwa trén két
qua nghién ctru cta Charles J. Thoman va CS..
Nhoém tac gid da ching minh tween 80 c6 thé
van chuyén ion Ca®* di qua mang véi téc do
0,72 + 0,22 (x10® mol/s/m?) ™. Do d6, tween 80
c6 thé gan thuan nghich va dwa ion Ca®" di vao
trong pha phan tan, ion ca* tiép xdc voi natri
alginat c6 trong giot nhii va xay ra lién két chéo.
Qua trinh tao phlrc v6&i natri alginat tiép tuc cho
dén khi tao dwoc clu tric khéng gian hoan
chinh. Vi tiéu phan tao thanh cé kich thuéc
trung binh gidm dan va én dinh & khoang trung
binh 134,0 um (hinh 1). Vi ciu thu dwoc sau
qua trinh séy co kich thuwéc 87 + 6 um.
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Kich thwdce hat:
134 pm

Tao nhii twong N/D || Thém Tween u

Tao lién két chéo gitra alginat va ion CaZ* ||

Thém aceton

| I |
0 phut 12 phut 17 phit

Kich thwdce hat:
203 pm

22 phut

I .
37 phnit 47 phut

|
27 phut

Kich thwée hat:
167 pm

Kich thwéc hat:
157 pm

Hinh 1. C4u tric hé & céc giai doan diéu ché

Co ché trén cho thay khi mang lwdi khong
gian hinh thanh, BSA bj bt gitr bén trong cau
tric phirc tao béi alginat va ion Ca®. Két qua
phan tich dién di trén gel polyacrylamid xac
nhan BSA bj bat gilr trong vi cau natri alginat c6
dai trang khdp véi mau BSA nguyén ligu &
khodng 70 kDa (hinh 2). Quy trinh c6 thé duwoc
ap dung dé didu hé théng mang protein ma van
dam bdo s toan ven cua protein.
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Hinh 2. Dién di gel BSA nguyén liéu va BSA
dworc giai phong ter vi cau thu duwgrc tir TN8

DPanh gia tinh chat vi cau natri alginat

Phan tich hinh thai hoc bang phép chup hién
vi dién tlr quét cho thay vi cau natri alginat tao
thanh cé dang hinh ciu véi bé mat dong nhéat
(hinh 3).

5-4800 10.0kV 7 6mm x2C0 SE(M) 200um

Hinh 3. Hinh dnh SEM cua vi cdu (TN8) &
do phéng dai 200 lan

Vi cdu diéu ché tr quy trinh thich hop duoc
dwa vao thlr nghiém phong thich in vitro & hai moi
trwong: nwéc va dém phosphat (PBS, pH 7,4). Két
qua phong thich BSA trong hai méi trudng dwoc
thé hién & (hinh 4). Theo két qua thtr nghiém
phong thich trén, tdc d6 phong thich hoat chét
trong dém PBS nhanh hon, gidi phdng hoan toan
BSA ra méi truorng thtr trong 4 gior. O’ méi trwong
dém PBS, protein dwoc gidi phong theo ca hai co
ché khuéch tan va bao mon khung. Sw bao mon
khung di&n ra khi co xay ra sy trao ddi ion gitra
Ca®" cla vi cau va ion Na* tr moi trwong. Tuy
nhién, ion Na* khoéng cé kha nang tao lién két
chéo gila cac chudi natri alginat, mang lwGi lién
két chéo bi phan hiy nhanh, BSA nhanh chéng
thoat ra méi trweong thir.
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Dé thi biéu dién sw phéng thich BSA in vitro

Trong khi d6, BSA duwoc phéng thich lién tuc
va c6 kiém soat khi thyc hién thtr nghiém trong
nwédc. Sw phéng thich nay cé thé giai thich dwa
trén quan sat cau tric vi cau & thoi diém 0 gio,
1 gi®, 3 gi®, 6 gi® va 12 gid (hinh 5). Két qua
SEM cho thdy mang lwéi lién két chéo bén
vibng, duy tri dworc ciu trdc hinh ciu trong subt
12 gi®, tuy nhién, theo th&i gian trén bé mat vi
cau xuat hién cac kénh co kich thuéc mé rong
dan, hinh thanh mét mang cac dwong dan két
ndi v&i nhau vao bén trong 16i, cho phép BSA cé
thé khuéch tan ra méi trudng bén ngoai.

(@) (b) () (d) (e)
Hinh 5. Hinh dnh SEM cua vi cdu & céc thoi diém
(a)t=0gio, (b) t=1gio, (c) t=3gio, (d) t=6gio, (e) t =12 gio
Két luan reductive cation exchange",
Bang thwc nghiém, nghién clu da thiét lap  Carbohydrate polymers, 131, pp. 57 - 64.
dwoc quy trinh véi cac thong sb diéu ché cu thé 3. Sheu T. Marshall R. (1993),
dé tao dwoc vi ciu natri alginat chira bovine "Microentrapment of lactobacilli in calcium

serum albumin cé kich thwéc trung binh nhé
hon 87 + 6 um va ti 1é tai 17,01 £ 0,51%. Ddng
thdi, qua trinh hinh thanh vi cau natri alginat
cling dwgrc xac dinh. Nghién ctru con danh gia
dwoc hinh thai hoc, kha nang phéng thich hoat
chat cla vi ciu. Vi cau tao thanh c6 kha ning
phéng thich hoat chat co kiém soat trong 12 gio.
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