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Summary

The aim of current study was to prepare ethyl cellulose-based microspheres containing metformin
hydrochloride which release in an extended manner. The preparation was performed by solvent
extraction evaporation method using solid-in-oil-in-water emulsification technique. The formulation
and process factors (i.e. polymer type, solvent type, polymer concentration and emulsification
speed) were tuned to achieve desired microsphere. As the results, the formulation employing ethyl
cellulose 45 cps, ethyl acetate as solvent, polymer concentration at 100 mg/mL concomitantly with
emulsification speed at 2000 rpm could be used to prepare microspheres having drug loading at
12.51% and the mean diameter of 266.0 + 6.5 um. The drug release from resultant microspheres
was controlled with approximately 90% metformin hydrochloride released after 24 hours. The
release kinetics complied with Korsmeyer-Peppas model. Therefore, the release mechanism was
controlled by diffusion and polymer erosion simultaneously. The achieved microspheres could be

used as component for sustained release dosage forms.
Keywords: Polymeric microsphere, ethyl cellulose, metformin, extended release.

Dt van dé

Vi cAu (polymeric microsphere) la hé mang
thudc hinh cau co kich thuwéc ttr 1 um — 1.000 um.
Thanh phan chinh clia vi cdu gém duoc chat va
ta dwoc dwoc phan bbé déng deu trong khung
polyme . Trong hai thap nién gan day, vi cau
nhan dwoc nhidu sy quan tdm nghién clru vi
ching c¢6 kich thwéc hang micromet ddng thoi
c6 kha ndng kiém soat sy phéng thich dwoc
chat nho vao cac polyme 2 31, Tuy thudc vao
tinh chéat polyme va dwoc chat, nhiéu phwong
phap cé thé dwoc Iwa chon dé bao ché vi cau,
dién hinh nhw: (1) - Phwong phap déng tu
(coacervation); (2) - Phwong phap bbc hoi dung
méi t¥ nhld twong (solvent extraction/
evaporation), (3) - Phuwong phap phun sy
(spray-drying method). Trong s6 nay phuwong
phap bdc hoi dung méi tir nhii twong cé tinh
phd blen dé dang 4p dung va kha thi dé
nang cap trén quy moé Ién hon 4,
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Nghién ctu nay dwoc thwc hién nhdm bao
ché vi cAu tir polyme ethyl cellulose (EC) chira
dwoc chat metformin hydroclorid (HCI) bang
phuong phap bbdc hoi dung méi tr nhii twong.
Dé c6 thé dwoc st dung trong cac dang bao
ché duong ubng, vi cdu can duoc thiét ké voi
kich thwéc trung binh trong khoang 200 pym -
300 pm, ty & tai dwoc chéat lén hon 10% va co
kh& ndng kiém soat sy phéng thich metformin
HCI trong 24 gid.

Nguyén vét liéu va phwong phap

Nguyén liéu

Metformin HCI dat tiéu chudn USP 40 dwoc
san xuéat béi Hang Vistin Pharma (Na Uy), cac
ethyl cellulose (EC) dwoc hd tro bdi Tap doan
Colorcon (Singapore). Cac ta dwoc khac goéom
poly (vinyl alcol) (PVA) (Duksan, Han Quéc),
ethyl acetat (EA) va dicloromethan (DCM) (Vina
Chemsol, Viét Nam) dat tiéu chuin dwoc dung.

Phwong phap bao ché

Vi cau dwoc diéu ché bang phuong phap bbc
hoi dung méi tvr nhi twong thong qua ky thuat
tao nhii twong cAu trac ran/ dau/ nwéc (solid/ oil/
water emulsification). M6t lwgng xac dinh EC
duwoc hoda tan hoan toan trong 10 mL dung méi
(EA hoac DCM). Phan tan metformin HCI
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vao dung dich polyme (sao cho ti 1& vé& khéi
lwong cla dwoc chat/polyme 14 0,4) bang may
ddng nhét héa (IKA T25, Birc) tbe d6 6000 rpm
trong 4 phut. Nhii héa hén hop thu dwoc vao 30
mL dung dich PVA 1%, khuéy & 1000 rpm hoac
2000 rpm trong 4 phut. B6 sung 800 mL dung
dich PVA 0,5%; khudy & 1.000 rpm trong 120
phut dé& bdc hoi dung médi. Loc hén hop thu
dwoc dwdi ap suét gidm, rira ba lan véi 500 mL
nwédc. Sdy san pham thu dwoc trén loc & 50 °C
dén dd am khoéng déi. Bao quan vi cau trong
binh kin dé tién hanh cac phan tich tiép theo.

Trong qua trinh xay dwng cdng thirc va quy
trinh diéu ché, cac yéu té nhu loai polyme, loai
dung méi, nébng dd polyme va téc dd khudy
trong qua trinh nhii héa lan lwot dwoc khao sat
dé cho vi cau cé kich thwdc va ti 1é tai dwoc
chat mong muén.

Phwong phap danh gia

Xéc dinh ti 1é tai dwoc chat

Mau thir: Hoa tan 20 mg vi cau vao vira du
100 mL hén hop ethanol : nwédc theo ty 1& 9:1
(tt/tt) trong binh dinh mrc.

MAu trédng: Chuan bij twong tw mau thir véi vi
cau placebo khoéng chira duwoc chét.

Ham lwong metformin HCI trong vi cu dugc
xac dinh bang phwong phap do quang phd hap
thu UV & bwédc song 236 nm, s dung dwdng
chuan trong khoang tuyén tinh (0,5 pg/mL -
10 pg/mL). Ti & tai dwoc chéat duoc tinh theo
cbng thire:

Khéi lwong dwoc chit trong vi cdu

Ti 16 tai (%)= x100

Khoi lvong vi cau

Tién hanh thyc nghiém 3 1an, lay gia tri
trung binh.

Xéc dinh kich thwéc: Kich thwéc vi ciu
duoc xac dinh bang thuc nghiém trén thiét bj do
kich thwéc hat Malvern Mastersizer MS 3000
(n = 5). Gia tri Dvsp dwgc ghi nhan la kich thudc
trung binh clia mau thir.

Phén tich hinh thai hoc: Hinh dang va hinh
thai b& mat vi cAu dwoc quan sat dwdi kinh hién
vi dién tkr quét Jeol JMS - 6400 (MY).

Danh gia dé giai phéng dwoc chat

Th nghiém dwoc tién hanh trén thiét bj kiéu
gié quay. Cho 200 mg vi cau vao vién nang
sb 0, dat vién nang vao gid quay, van hanh gié
quay & toéc dd & 100 rpm trong 750 mL nwéc cat
(nhiét @6 37,0 °C + 0,5 °C). L4y mau (5 mL) tai
cac thoi diém 0,5; 1; 2; 3; 4; 6; 8; 10; 12; 16; 20;
24 gi®y va bb sung 5 mL méi trudng bang nuéc
cat. Loc mau thu dwoc qua mang 0,45 pm.
Dwoc chét trong mau thir dwoc dinh lwong bang
phuwong phap do quang phd hap thu UV & budc
song 232 nm.

Co ché giai phong dwoc chéat tlr vi cau duoc
ngoai suy t két qué danh gia sw twong thich
cla di¥ liéu hoa tan v&i cac md hinh déng hoc
bac 0, bac 1, mo hinh Higuchi, mé hinh Hixson -
Crowell va mé hinh Korsmeyer - Peppas.

Két qua va ban luan

Nghién ctru bao ché vi cau

Nghién ciru Iwa chon
va dung méi dé hoa tan polyme

Céc cong bd trwéc day da chirng minh do
nhét clia polyme cé anh huwéng dén ti & tai va
kich thwéc tiéu phan cla vi ciu tao thanh [,
Trong nghién ctu nay, bén céng thirc (CT) sir
dung EC db6 nhét 7 cps, 20 cps, 45 cps hoac
100 cps da dwoc diéu ché voi cung thong sb
quy trinh (tbc d6 khudy trong qué trinh nhii hoa
1000 rpm).

loai polyme

Bang 1. Khdo sét énh huéng cua loai ethyl cellulose dén kich thuéc va ti 1 tai duoc chét cac vi céu

Céng thic CcT1 CT2 CT3 CT4 CT5
Metformin (mg) 200 200 200 200 200
EC 7 cps (mg) 500 - - - -

EC 20 cps (mg) - 500 - - -

EC 45 cps (mg) - - 500 - 500

EC 100 cps (mg) - - - 500 -

Loai dung méi DCM DCM DCM DCM EA

Kich thwérc (um) Khoéng tao

(n=5, TB+ SD) 30,1+3,0 69,6 £2,7 2464 +£7,2 vi cAu 353,0+5,6
e ~

e o) 010£001  097£001  249%002 o9 97440,05
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Két qué danh gia vi cau tao thanh cho thay ti
lé tai dwoc chét va kich thwdc trung binh tang
khi s&r dung EC d6 nhét cao. Béi véi cong thire
st¢ dung EC 100 cps, d6 nhoét cla dung dich
polyme qué I&n, quéa trinh nhii héa pha dau vao
dung dich PVA khong tao dwgc cac gigot nhd.
Do vay, san phadm tao thanh c6 dang sgi thay vi
vi cau.

DPéi voi phuong phap boc hoi dung méi tw
nhi twong, dong hoc hoa rén cta polyme quyét
dinh d&c tinh vi cau tao thanh. Trwdng hop sw
héa rén cGa polyme dién ra cham, cac chubi
polyme sé& cé du thdi gian dé sap xép lai vi tri
trong khéng gian va c6é xu hwéng co lai
(shrinkage). Diéu nay dan dén kich thuwéc vi cau
tao thanh thuwong nhé hon [ Vé hiéu suét bat
gitr dwoc chét, sy anh hwéng cé phirc tap hon.
Trong qué trinh diéu ché, duwoc chat duwoc phan
tan trong pha dau va pha dau tiép tuc duoc nhi
hoa vao pha lién tuc than nwéc. Do vay, duoc
chat than nudc cé xu huéng that thoat (leaking)
tr trong giot dau ra pha lién tuc bén ngoai. Hiéu
suét bat gitr dwoc chat clia vi cau cao hay thap
phu thudc vao kha ndng han ché sw thét thoat
nay. Néu polyme héa rén nhanh trong qua trinh
tach loai dung méi, sw that thoat dwoc chat sé bi
gi&i han. Ket qua la ti I&é dwoc chat bat gilr duo’c
trong vi cau sé cang cao. Bén canh do, tinh én
dinh cla hé phan tan trong pha dau ciing déng
vai trd quan trong gilp nang cao hiéu suét bat
gitr dwoc chét 19,

Trong nghién ctru nay, khi tang dé nhét cla
EC, tbc dd hoa ran cta polyme trong qua trinh
tach loai dung mai dién ra nhanh hon, tao thanh
vi cau cd kich thwdc 1dn va ti 18 tai cao hon.

Vi cau thu dwoc tir CT3 s dung EC 45 cps

co ti lé tai dat 2,49%, cao hon so véi cong thire
dung EC 7 cps va 20 cps. Tuy nhién, gia tri nay
van chwa dat dwoc muc tiéu nghién ctru. CT5
duwoc diéu ché st dung EA dé thay thé DCM
trong vai trd dung méi hoa tan polyme. Ti I€ tai
duwoc chéat cha vi cau dwoc cai thién dang ké
(trung binh 9,74%). Piéu nay cé thé dwoc giai
thich b&i EA cé d6 phan cwc cao hon DCM (4,4
so v&i 3,1). Do d6, metformin HCI (v&i dac tinh
than nudc) sé co ai lwc voi EA cao hon, giap
han ché théat thoat duoc chét trong giot dau ra
pha ngoai trong qua trinh nhi héa. Mat khac, do
tinh tan trong nwéc khodng 8,7%, EA khuéch
tan vao pha ngoai nhanh hon DCM trong qua
trinh tach loai. K&t qua la vi cau hoéa rén gan
nhw tlrc thoi va kich thwdc trung binh tang
ngoai khoang 200 ym - 300 um.

Nhw vay co thé thay tbc do hoa rén polyme
nhanh gitp tao vi ciu cd ti 1& tai dwoc chét cao
hon nhwng déng thdi ciing lam vi cau cé kich
thuwéc Ion. Bé tao dwoc vi cau co kich thwdc da
nhd nhwng van tai dwoc lwong dwoc chat phu
hop, can diéu chinh cac théng sé diéu ché nhw
néng do polyme va téc do khudy trong giai doan
nhi hoéa.

Nghién ciru xdc dinh néng dé polyme
va téc d6 khuay

O noi dung nay, ndng dd polyme duoc diéu
chinh tang dén 100 mg/mL (CT6), song song v&i
viéc tang téc do khudy trong qué trinh nhii hoéa
(2000 rpm, CT7) (bang 2).

Khi ting néng dd polyme t&» 50 mg/mL Ién
100 mg/mL, ti |& tai dwoc chét tang tir 9,74% 1én
13,54% do polyme bi héa r&n nhanh hon & néng
do6 cao. Béng thoi, kich thuwdc vi ciu ciing téng
twong trng tr 353,0 ym 1én 551,0 ym.

Bang 2. Théng sé diéu ché vi cau cé diéu chinh néng dé polyme va téc d6 khudy

Céng thirc CT5 CT6 CcT7
Dwoc chét (mg) 200 400 400

EC 45 cps (mg) 500 1000 1000
Loai dung méi EA EA EA

Thé tich dung méi (mL) 10 10 10

Téc d6 khudy (vong/phut) 1000 1000 2000
Kich thuéc (um) (n = 5) 353,0+5,6 551,0 +8,3 266,0 +6,5
Tilé tai (%) (n=3) 9,74 + 0,05 13,54 + 0,07 12,51 +0,05

CT7 v6&i ndng dd polyme tdng dén 100
mg/mL ddng thoi tang téc d6 khudy trong qua
trinh nhii hoéa I1én 2.000 rpm gitp tao vi cau cé
kich thwée trung binh 266,0 um va ti & tai
12,51%. Sy tang tbc dd khudy gidp phan tan
hiéu qué pha dau thanh cac giot co kich thuéc

nho, ttr d6 hoa rén va hinh thanh vi ciu dat theo
yéu cau thiét ké. D lieu thu dwoc gép phan
clng cb cac két qud nghién clru da cong bd
trwdc day vé anh hwéng clia cac thong sb diéu
ché dén tinh chét vi ciu tao thanh [7: 8,

Nhw vay, qua trinh nghién clru da xac dinh
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cac thong sé diéu ché phu hop. Cu thé, hoa tan
1.000 mg EC 45 cps trong 10 mL dung mai ethyl
acetat. Phan tan 400 mg metformin HCI vao
dung dich polyme bang may ddng nhét héa téc
dd 6.000 rpm trong 4 phut. Nhii héa hén hop thu
duwoc vao 30 mL dung dich PVA 1%, khudy &
2.000 rpm trong 4 phut. Bd sung 800 mL dung
dich PVA 0,5%; khudy & 1.000 rpm trong 120
phat dé tach loai va bay hoi dung moi. Vi cau
tao thanh dwogc loc, rira va say trwdc khi

18Mm
nrea

JEOL

SKU

(A)

bao quan trong binh kin.

Panh gia cac tinh chat cua vi
tao thanh

Vi cdu tao thanh c6 kich thwéc trung binh
266,0 £ 6,5 um va ti 1& tai 12,51%. Phan tich

A
cau

hinh thai cta vi cdu dwai kinh hién vi dién to
quét cho thay vi cau cé cau tric xbp. Cac 16 xbp
lién thong tao thanh cac kénh khuéch tan trong
mot mang lwdi polyme déng nhét.

Hinh 1. Anh hién vi dién tir quét cua (A) vi céu va (B) 16 xp clia vi cau

Vé d6 giadi phong dwoc chét, vi cAu cé kha
nang kiém soat sw phong thich ctia metformin
HCI trong 24 gi¢. Sau hai gio th®r nghiém,
khoang 35% Iuong dwoc chét da dwoc phong
thich. Téc do giai phong & cac gio dau nhanh do
cu truc xbp trén bé mét clia vi ciu tao diéu kién
thuan loi cho dwoc chat hoa tan va khuéch tan
ra mdi trudng. Téc do6 phoéng thich dwoc chat
dwoc duy tri dén gid thi 4, sau d6 cham dan va
két thuc v&i xap xi 90% dwoc chat dwoc phong
thich sau 24 gio.

=)
=]

Phén trim phong thich hoat chat (%)
2

0 2 4 6 8§ 10 12 14 16 18 20 22 24

Thoi gian (git)

Hinh 2. D6 thj gidi phéng duoc chat
cla vi cau chitra metformin HCI (CT7) (n = 3)

Phan tram phong thich hoat chét (%)
wn
=

309 7. - - - - Mo hinh Higuchi
20 4/l ".':’-‘/ — ++ M hinh Hixson Crowell
=10 ,'."/ Mo hinh Korsmeyer Peppas
U; T r T T T T T T T T T T |
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Théi gian (gi®)

Hinh 3. Hinh biéu dién sw tuong thich
cla dir liéu phong thich véi cac mé hinh

Kiém dinh sw phu hop cla di¥ liéu dd hoa tan
v&i cac mod hinh dong hoc cho thdy metformin
HCI phéng thich tir vi cu tuan theo mé hinh
Korsmeyer - Peppas (hinh 3) v&i hé sé xac dinh
R2 c6 gié tri 99,62 (bang 3).
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Bang 3. Hé sé tuong quan cla di¥ liéu gidi phéng duoc chét véi céc mé hinh déng hoc

M6 hinh Béac 0 Bac 1 Higuchi Hixson-Crowell Korsmeyer-Peppas
R? 48,19 86,03 93,84 75,58 99,62
Hé sé6 k 6,05 0,12 22,87 0,14 0,23
Tham sé n - - - - 0,66
Vi tham sb n ¢ gia tri bang 0,66, sw phong  delivery  systems",  Critical Reviews in

thich dwoc chat dwoc ngoai suy theo co ché
hén hop, khéng tuan theo dinh luat Fick. Trong
do, sw khuéch tan cta dwoc chat tir khung EC
va sy bao mon khung (do hién twong gian dudi
clia chudi polyme) déng thoi tac dong cd y
nghia |én déng hoc cla qua trinh gidi phong
metformin HCI tlr vi cau.
Két luan

Nghién ctru da xac dinh dwoc thanh phan
cong thirc va théng sb quy trinh phu hop dé tao
vi cau chiva metformin HCI giai phéng cé kiém
soat trong 24 gi®. Bong thdi, véi kich thudc va ti
l& tai phu hop, vi ciu tao thanh cé thé dwoc st
dung nhw mét san pham trung gian dé didu ché
cac dang bao ché phéng thich kéo dai
duwong udng.
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