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ABSTRACT

Metformin is recommended to treat type 2 diabetes for first-line by ADA (American
Diabetes Association). Because of its short plasma half-life and rapid administration,
patients need to repeat administration of high doses. This reduces patien’s compliance
and induces more side-effects. The purpose of this study is to design the extended-
release formulation to maintain steady state of plasma concentration for a longer
period of time in order to reduce the frequency of administration, reduce toxicity and
increase the treatment efficiency. Liposomal suspensions containing metformin
hydrochloride with main membranous components being phosphatidylcholine (PC)
and cholesterol (CHL) at different proportions changing from 20 to 30% (w/w) were
prepared by the thin film hydration method. They were evaluated for mean size, drug
entrapment efficiency, in vitro drug release in order to choose the optimized
formulations. The results showed that all of the formulations had high degree of
entrapment (61.7-74.3%) with sustained release of the drug being 8 hours. They were
also affected by PC/CHL ratio (w/w) and liposomal membrane/metformin ratio (w/w).
The most optimized formulation (F) showed the highest performance of over 74%,
mean size of 521 nm and the best extended release (only 60% of drug was released
after 8 hours). This formulation could be used to develop a new sustaining drug carrier
system _for metformin.

TOM TAT

Metformin la thuoe dwoe Hiép héi ddi thao dwong Hoa Ky (ADA) khuyén cdo diéu tri
buGe dau doi véi bénh nhan ddi thio dwong (DID) type 2. Tuy nhién thudc duoc hdp
thu nhanh chong (sau 2,5 gio), thoi gian ban thai ngan (0,6-2,9 gio) vi vay bénh nhan
can phdi sir dung thuéc nhiéu lan frong ngay. Piéu nay lam giam sw tudn thi ciia bénh
nhdn va tang tac dung phu cia thuéc. Vi 1 vay, nghién ciru bao ché va déanh gid ddc tinh
cua liposome metformin duegc thuc hién nham gidm s6 lan ding thuéc trong ngay, tang
hiéu qua diéu tri va giam dic tinh. Hé phan tan liposome metformin dwoc tqo ra bdng
phiong phdp hydrat héa film mong, véi thanh phan chinh cia mang liposome la
phosphatidylcholine (PC) két hop véi cholesterol (CHL) ¢6 ty [¢ choleslerol thay doi tir
20-30%. Dwa vao kha néing liposome héa, kich thite cdc tiéu phin (ha) va ket qua
phong thich thudc tir thir nghiém in vitro dé xdc dinh hé ¢ cong thirc 16i wu nhat. Két
qua nghién ciru cho thdy cdc cong thire tao ra déu cho hiéu sudt liposome héa cao
(61,7-74,3%), c6 sw phéng thich thuéc chdm trong 8 gio va bi anh huong boi ty 1¢ khoi
lwegng phosphatidyl choline/cholesterol va khéi heong mang liposome/metformin. Cong
thire 16i wu trong nghién ciu (F) véi ty 16 PC/CHL la 80/20 va ty Ié mang
liposome/metformin la 4/1 ¢6 hiéu sudt liposome hoa trén 74%, kich thudc hat trung
binh 521 nm va cho thdy sir phong thich thuéc kéo dai (sau 8 gio chi gidi phdng 60%
duwege chat). Pdy la cong thire ¢o tiém ndng phdt trién dang thuéc phéng thich kéo dai
cho metformin.

Trich dan: Téc gia, 2016. Bao ché va thtr nghiém In vitro liposome metformin. Tap chi Khoa hoc Trudng
Pai hoc Can Tho. 43a: 19-25.
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1 PAT VAN BE

Metformin 1 loai thudc tri dai thdo duong
(PTP) duy nhit thudc nhom biguanide dugc sir
dung trong lam sang (Anderson, P. O. et al., 2002),
1a thude duge khuyén cdo diéu tri bude dau danh
cho bénh nhan BTD type 2 (Andreja Mari¢, 2010;
Nathan, D. M. et al, 2009). Tuy nhién, thudc
thuong hép thu nhanh chéng sau khi ubng, thoi
gian ban thai ngdn 0,6-2,9 gio va sinh kha dung chi
dat khoang 50-60% (Sweetman, S.C. et al., 2005).
Vi vdy, bénh nhén phai sit dung thubc nhiéu lan
trong ngay dé dat hiéu qua, diéu nay lam giam sy
tuan thu phac dd diéu tri cia bénh nhan va ting tac
dung phu cua thudc.

Liposome 13 nhimg tiéu phan hinh cau, c6 kich
thudce nho, gém mdt nhan nude ¢ trong dugc bao
boc boi mot hodc nhiéu 16p mang lipid kép dong
tdm. Céc 16p mang kép cua liposome dugc tao nén
boi cac lipid ty nhién hodc tong hop, do do
liposome c6 tinh twong thich sinh hoc twong dbi
v6i mang t& bao, phan hiy sinh hoc va it bi hé
mién dich dao thai. Vi cAu trac dic biét, liposome
¢6 thé che chd va van chuyén dugc ca nhitng hoat
chit than diu va than nudc. Cac hoat chit than
nuée s& nam bén trong nhan nude cua liposome va
cac hoat chét than dau s& nam bén trong 16p mang
lipid kép (Laouini, A. C. et al., 2012). Liposome
dugc tmg dung nhiéu trong dugc pham nhu 1a
phuong tién gitip dung nap thudc tét hon do chung
c6 kha nang cai thién do bén, tinh tan, kha nang
thAm qua mang, giam ddc tinh ciia thudc va kéo dai
thoi gian phong thich thube (Lian, T. et al., 2001).

Vi nhiing dac tinh dac biét cia mot hé mang
thube moi, liposome c6 kha nang cai thién dugc
tinh thAm qua mang, do bén va giam dugc doc tinh
cua metformin. Pac biét, liposome co6 kha nang
phong thich thuc cham, vi vay, su Kkét hop cua
liposome va metformin cé tiém ning tao ra dang
thudc méi c6 kha ning phong thich kéo dai, gop
phan tang hidu qua diéu tri. Trén thé gidi, mot s6
nghién ctru da thyc hién bao ché va danh gia mot
sO dic tinh ciia hé phan tan liposome metformin
nhu Divakar P. et al. (2013), Manconi M. et al.
(2013), Shruthi M. V. et al. (2014),... Céac nghién
ctru déu bao ché thanh cong liposome metformin
va tién hanh déanh gia mot s6 dic tinh cua
liposome. Két qua cho thiy thoi gian phong thich
metformin tir hé phan tan dugc cai thién dang Ké,
cac tiéu phan tao ra c6 do ddong nhat cao. Tuy
nhién, cac nghién ciru thuong duoc tién hanh voi
phuong phap phirc tap va doi hoi nhitng trang thiét
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bi hién dai ma khong phai phong thi nghi€ém nao
cling trang bi duoc.

Céc nghién ctru trong nude vé liposome hién
chua nhiéu va chua c6 nghién ciru vé hé phan tan
liposome metformin. Vi vdy, nghién ctu vé hé
phan tan liposome metformin 14 tién dé gép phan
vao nghién ctru tao ra mot dang thudc méi cho
metformin c¢6 hidu qua tot hon. Nghién ctru duoc
tién hanh nhim bao ché hé phan tin liposome
metformin bing phuong phap hydrat hoa film
moéng va danh gia mot sd didc tinh cua hé phén tan
tao thanh.

2 NGUYEN VAT LIEU VA PHUONG
PHAP THi NGHIEM

2.1 Nguyén vit li¢u, thiét bi
2.1.1 Nguyén vt li¢u

Metformin hydrochloride (ham lugong 99,8%,
cong ty CO phan Dugc phim Ciu Long),
phosphatidyl choline — PC (TQ), cholesterol —
CHL (tich chiét tr md ndo heo), diethyl ether
(Chemsol — Viét Nam), chloroform (Chemsol-VN),
disodium hydrogen phosphate dodecahydrate,
sodium chloride, potassium dihydrogen phosphate
(Guangdong Guanghua Sci-Tech-TQ).

2.1.2 Thiét bi

May quang phd hdng ngoai Thermo NICOLET
6700 FT-IR, Bé siéu Am Elma Transsonic T570,
méay quang phd JENWAY 6800UV/Vis, hé thng
x4c dinh kich thudc hat b?lng laser Microtrac
S3500, hé théng TEM (Transmission Electron
Microscopy) JEOL JEM-1400.

2.2 Phuong phap thi nghiém
2.2.1 Xac dinh metformin st dung trong thi
nghiém

Xéc dinh metformin dugc sir dung bao gom thir
dd hoa tan trong nudc, acetone, dichloromethane.
Phan tich phd hong ngoai (FT-IR) dé nhan dién cac
nhém chtrc ddc trung co trong phan tir. Phd tir
ngoai kha kién (UV-Vis) nhim xéac dinh diém cuc
dai hép thu. Xac dinh nhiét d6 nong chay béng may
do diém nong chay Bibby Stuart SMP3.

2.2.2 Phwong phdp bao ché hé phan tan
liposome

Tién hanh tao hé phén tan bang phuong phap
hydrat hoa film mong theo mo ta trong nghién ciru
cua Bangham et al. (1964). Phuong phap nay sau
d6 cting dugc P.Divakar et al. (2013), Shruthi, M.
V. et al. (2014) thyc hién cho thiy két qua dat
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duoc kha cao. Cac bude thuc hién c6 sta d6i cho
phi hop véi diéu kién thi nghiém.

PC, CHL vé¢i ty 1¢ khac nhau (Bang 1) dugc
hoa tan trong hdn hop dung méi hitu co gdm 5 mL
diethyl ether va 5 mL chloroform. Sau do, loai bo
dung méi hitu co s€ tao nén 16p film lipid. Dung
moi can dugc loai hoan toan khoi hon hop dé tranh
anh huong dén san phém C6 thé tién hanh ¢6 quay
dung dich bing hé théng co quay ap suét thap dén
khi can dung méi, sau dé tién hanh th01 khi
nitrogen trong 2 gid hodc dé trong ta hut 4m qua
dém dé loai tdi da lugng dung moi con lai. Khi da
tao dugc 16p film lipid khé hoan toan, hén hop can
dugc dun cach thily dén 6042 °C va chudn bi dung
dich dém da hoa tan lugng metformin xac dinh,
diéu nhiét dén nhiét do 60+2 °C. Qué trinh hydrat
héa dugc thyc hién khi cho dung dich dém
phosphate pH 7.4 chira metformin vao mang lipid,
khudy bang may khudy tir & toc do 1.500  vong/phut
trong 15 phut. Trong subt qua trinh khudy nhiét d6
can duy tri & 60+2 °C. Qué trinh hydrat héa lam
pha v 16p mang lipid bam trén binh cau va tao nén
cac hat liposome. Phuong phép nay thuong tao ra
cac liposome c6 nhiéu 16p va kich thuée 16n. Do
d6, can 1am nho kich thude hat sau bao ché. Hon
dich san pham dugc siéu 4am 10 phut bang bé siéu
am Elma Transsonic T570, roi ép loc mot lan qua
mang loc 0,45 pum. Bio quan san pham ¢ 2-8 °C.

2.2.3  Phiwrong phdp danh gid mét sé déc tinh
cua hé phan tan liposome metformin

Xic dinh kich thwéc hat va d dong déu kich
thwoc

Hinh dang c4c hat duoc quan sat bang kinh hién
vi dién tir Olympus CH20. Bé xac dinh kich thudc
trung binh cta cac hat thi tién hanh do kich thudc
hat bang phuong phap tan xa anh sang dong DLS
(Dynamic light scattering). Thiét bi do 1 hé thong
xac dinh kich thudc hat béng laser Microtrac
$3500. Panh gia két qua thong qua kich thudc
trung binh cac hat va dd thi phéan bd kich thude
theo thé tich.

Xac dinh hi¢u suit liposome hoa

Hiéu suat liposome hoa (hay hiéu sudt mang
metformin ciia cic hat liposome) dugc tién hanh
theo phuong phap Berger N et al. (2001) dung thi
tham tich voi ngudng gi6i han khdi lugng phan tir
di qua 1a 14.000 Dalton. Tui thdm tich duoc budc
kin mot dau, cho 1 mL hdn dich vao va budc kin
d4u con lai. Treo tai lo limg trong binh tam giac c6
chtra 100 mL dung dich dém phosphat pH 7,4 sao
cho ti ngdp hoan toan trong dung dich. Giir hé¢
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thong & nhiét d6 phong trong 12 gid. Sau d6 rut
dung dich bén ngoai ti thim tich pha lodng dén
ndng do thich hop va do mat do quang & budc séng
232 nm. Hiéu suit liposome héa dugc tinh theo
cong thire (1).

e, — T
— ¢ 10D2%
g

f = (1)

Trong d6:
H: hiéu sudt liposome héa (%)
Mo, M : khéi lu‘gng metformin cho vao ban dau va khuéch
tan qua mang tham tich (ug)

Panh gia kha niing gidi phéng dwge chit tir
hé phan tan liposome metformin

Kha ning phéng thich dugc chat tir hé phén tan
liposome metformin dwoc tién hanh theo hudéng
dan thir nghiém phong thich dugc chét tir liposome
cia FDA dugc Dao Thanh Tung st dung trong
nghién ciru bao ché liposome doxorubicin (2012).
Qua trinh cu thé: tién hanh rat 1 mL san phdm cho
vao tai tham tich, rdi treo tii ngap trong binh tam
giac chua 100 mL dung dich dém phosphate pH
7,4. Khudy dung dich trong binh véi tbc d6 100
vong/phut & nhiét d¢ 37+2 °C. Sau cac khoang thoi
gian nhat dinh tién hanh rat 5 mL dung dich ngoai
tai tham tich va bd sung 5 mL dung dich dém méi
vao binh. Dung dich sau khi rat ra dugc pha loang
dén ndng d6 thich hop va do mat d6 quang & budc
song 232 nm. Két qua do mat do quang dwoc quy
d6i vé nong d6 metformin va phan trim phong
thich tai thoi diém d6. Téng phan trim metformin
giai phong & timg thoi diém dugc tinh theo cong
thue (2).

=1

L
SGGF = 1L 100 my = 100 G+ 526 0

Trong d6:
mi j: khoi lwong metformin & thoi diém i, j.
Ci.j: nong dg metformin tai thoi diém i, j.
%GP: téng phan tram metformin phong thich.

3 KET QUA VA THAO LUAN

3.1 Danh gia metformin sit dung trong thi
nghiém

Metformin sir dung c6 dang bt mau tréng, tan
nhiéu trong nudc, khong tan trong acetone va
dichlororpethane. Nhiét d6 néng chay duoc vxéc
dinh 3 lan cho gia tri trung binh 223°C. Pho tur
ngoai kha kién cho dinh hap thu cyuc dai trong
khoang budc song 232-233 nm. Két qua nay phu
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hop véi nbi doi lien hop trong cong thic ~NH NH
metformin va nhu vy cé thé dinh lurong metformin

dé dang bang phuong phap quang phd. Phd FT-IR

¢6 cac mili dic trung ciia nhém amine bac I & 3371

cm’!, bac II & 3174 cm’!, imine & 3294 cm’!, hai /
mili & 1448 va 1415 cm cia lién két C-H bién NE
dang, bat ddi xtmg. So sinh phd véi chuan cua
metformin (India Pharmacopoeia 2010) khong co
bat ky su thay d6i nao dang chu ¥ vé vi tri cac miii
tinh hi¢u. Nhu vay metformin c6 dd tinh khiét cao
va ¢6 thé str dung cho nghién ctru nay.

-

N Nhde; HCL

Hinh 1: Cong thirc héa hoc ctia Metformin
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Hinh 2: Phé FT-IR ciia metformin hydrochloride sir dung trong nghién ctru

3.2 Danh gia hé phan tan liposome phong dai 400 lan, cho thdy cac hat tao ra déu
metformin c6 kich thuéc rat nho, hinh tron va khé co thé

3.2.1 Quan sét hinh anh hat qua kinh hién vi quan sat, xac dinh kich thudc chinh xac bé“mg kinh
dién tir hién vi.

Hinh 4anh quan sat qua kinh hién vi véi do

5 ~_
500nm.'_ \'\ 500 nm >
W W ST G on
\
IR ~::~\
. % N:::
S s 0
. N ’ S \\\::
: SRS N\
R S
Z "_.\\ .I. ._.Q & y

Hinh 3: Anh chup kinh hién vi ciia h¢ phan tan liposome
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3.2.2 Hiéu sudt liposome héa va kich thuée
trung binh cia cac cong thirc

Két qua danh gia hiéu suét liposome héa cua hé
phan tan liposome metformin tao thanh duoc thé
hién trong Bang 1.

Két qua liposome hoa cho thiy hiéu suat
liposome hda cua cac cong thuc c¢6 sy phu thude
vao ty 1¢ thanh phan tao mang liposome, ty 1¢ khdi
lwong mang trén khéi lwong metformin st dung.
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Céc cong thirc nghién ciru c6 hiéu suit liposome
hoa tuong ddi cao va thay doi tir 45,2% dén 74,3%.
Tuy nhién, van c6 thé t6i vu kha ning mang thudc
bang cach tao ra proliposome. Trong nghién ctru
ctia Shruthi M. V. va ctv. (2014) cho thiy khi tao ra
proliposome metformin véi cic thanh phan mang
1a sorbitol, soya lecithin va cholesterol déu cho cac
cong thire ¢6 ty 16 mang thudce trén 80% va co cong
thirc 1én dén 95%.

Bang 1: Hiéu sut liposome héa ciia cac cong thire khao sat va kich thuée trung binh

Tén PC:CHL L/Met" Hiéu suit liposome héa™ Kich thwéc trung binh
mau (2:2) (g:2) (TB £ SE) (%) (um)
A 60:40 5:1 68,21 0,050 0,292
B 70:30 5:1 72,68 = 0,004 0,262
C 80:20 5:1 72,81 £0,133 4,760
D 60:40 4:1 70,38 £0,047 0,803
E 70:30 4:1 73,75 + 0,068 0,691
F 80:20 4:1 74,27 £ 0,031 0,521
G 60:40 6:1 45,17 £ 0,004 0,773
H 70:30 6:1 61,72 £ 0,200 0,546
1 80:20 6:1 63,52 £ 0,043 1,290

*L/Met: ty 1é vé khdi hrong ciia tong thanh phan tao mdng liposome va metformin

**Cdc thir nghiém dirge 1ap lai 3 lan

Céc cong thic c6 ty 1¢ PC/CHL 80:20 déu cho
kha nang mang thudc cao hon cac ty 18 khac va cao
nhét 12 v6i cong thirc F (74,27%). Tir ddy cho thiy
vai tro ciia cholesterol trong cdu trac mang lipid
kép cua liposome. Néu céu triic mang chi tao nén
tir cac phan tir lipid, chung s& trd nén rat 1ong 1éo,
¢6 nhiéu ké hé va khong bén. Cholesterol dugc vi
nhu “chit xi-mang” gitp tram lai cic ké ho trong
cAu tric do, cai thién sy linh dong, ting do bén,
giam tinh thdm va dic biét gitip tang kha ning giir
thudc, han ché sy 10 ri (Vemuri, S. ef al., 1995).
Nhung khi cholesterol duge dung 6 ty 1¢ cao ching
s& pha v& cdu trac can bang cua 16p mang lipid
kép, lam ting thé tich cac hat liposome, ting su
xuit hién cic ké ho gy ro ri thude va do d6 lam
giam kha ning giir thuc. Bén canh dé, hiéu suat
liposome hoa ciing bi anh hudng boi ty 1& khoi
lwong mang va metformin, khdi luong mang cang
16n hon khdi metformin thi hiéu suét liposome hoa
lai cang giam. V&i nhom cong thie D, E, F mac du
¢6 ty 1& thip nhit tuy nhién lai cho hiéu suét
liposome hoa tt nhat, ca ba cong thirc déu dat trén
70%. Nhu vay, su ting kh6i lugng tao mang khong
ty 1é thuan voi sy ting kha niang mang thudc.

‘Vé kich thudc trung binh cac tiéu phan, san
pham tao ra ngoai viéc lam nho kich thudc bang
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phuong phap siéu 4m con dugc ép mot lan qua
mang loc 0,45 um. Két qua cho thiy da sé cac
cong thirc c6 kich thuc nhé hon 1 pm. Trong do,
cong thirc B ¢6 kich thugc trung binh hat nhé nhat
la 262 nm. Nhu vdy, siéu am va nén ép qua mang
loc 1a phuong phap hiéu qua giup lam giam kich
thude cac hat va dat duge do ddng déu cao. Ngoai
ra, néu mudn dat duoc cac liposome don 16p, kich
thudc nho co thé tién hanh siéu am trong nhiéu gio.
Tuy nhién siéu 4m c6 thé lam tang sy thiy phan va
oxy hoéa lipid (Hwang, K. J. et al., 1987). Con v6i
phuong phdp nén ép qua mang loc, can nen ép
nhiéu lan dé dat dugc kich thudc mong mubn, dleu
nay ciing c6 thé gy nut vo liposome. Vi vay, can
khao sat va lya chon phuong phap dong nhét kich
thude phu hop.
3.2.3 Két qua TEM

Dua vao két qua xac dinh kich thudc hat trung
binh (Bang 1), B la cong thirc cho kich thugc tiéu
phan nho nhat. Tuy nhién, F lai 14 cong thirc cho
hiéu suit liposome héa tt va kich thudc twong ddi
nho. Vi vdy, cong thic F duge lya chon dé xac
dinh hinh dang cac tiéu phén qua kinh hién vi dién
tir truyén qua (TEM). Két qua anh TEM cho thay
céc hat tao ra da s6 co dang gan nhu khéi cau.
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Hinh 4: Anh chup TEM ciia miu F

3.2.4 Khd ndng gidi phong duwoc chdt tie hé
phan tan liposome metformin

oKé’t qua giai phong duoc chit sau 8 gid duoc
thé hién ¢ Hinh 5.

Dd thi giai phong duoc chit cho thay nghién
ctru da tao ra dugc cac cong thiic co kha nang giai
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phong chdm metformin. Sau 8 gi¢ thi nghiém,
cong thirc F va H c6 kha nang phéong thich t6t nhat
(phong thich dudi 60%). Cong thue I c6 sy ting
do6t bién ndng do tir gio thir 5 qua gid thir 6, nhu
véy cong thirc ndy c6 do bén khong tét, khong tao
duogc hé giai phong thudc cham, tuy nhién, sy giai
phong c6 kéo dai hon dang quy udc.

Hinh 5: D6 thi giai phong metformin tir cac cong thirc

Khi so sanh két qua phong thich metformin cua
cac cong thitc F va H véi cong thirc liposome
metformin tdi wu nhit dwoc Divakar e al. (2013)
diéu ché cho thiy c6 su phong thich kéo dai hon.
Trong nghién ctru cua Divakar, hé¢ liposome
metformin c6 dir liéu phong thich tir thi nghiém in
vitro tot nhat duoc tao nén tir phosphatidylcholine:
cholesterol voi ty 1€ 6:4 (mole/mole), sau 6 gid da
phéng thich hét 64% metformin.
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4 KET LUAN

He¢ phan tan liposome metformin dugc bao ché
thanh cong bang phuong phap hydrat hoa film
mong, voi thanh phan chinh ciia mang liposome 1a
PC két hop véi CHL. Cac cong thue duge tao ra
dva trén sy thay doi cia ty 16 PC/CHL va khoi
lugng mang liposome/metformin. Két qua thuc
nghiém cho thdy cic cong thirc déu co ty 18
liposome héa cao, thay ddi tir 61,7 dén 74,3%, kich
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thudc hat phan bd rong tir 0,262 dén 4.760 pm.
Hau hét cac cong thirc déu phéng thich 6n dinh,
kéo dai trong khoang thoi gian nghién ciu. Trong
d6, cong thie F véi thanh phan PC/CHL 1a 80:20
va ty 1& khdi lugng mang liposome/metformin la
4:1 ¢6 ty 1¢ liposome hoa cao nhét (74, 24%) va cho
thay tiém ndng tao ra hé giai phong thude kéo dai
nhit (sau 8 gio chi giai phong dudi 60%
metformin). Nhu vdy, cic cong thirc déu co tiém
ning nghién ctru phat trién thanh dang thuéc giai
phong kéo dai, dac biét la cong thic F, néu duoc
t1ep tuc nghién ctru, t6i wu hoa c6 thé nang cao hiéu
suat liposome hoa, giam kich thudc va tao dugc su
phong thich kéo dai, 6n dinh.
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