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Abstract: Leuprolide acetate (LA) - a nonapeptide, used for the treatment of some hormone-
depending diseases, is unstable and very susceptible to degradation in the aqueous media. Poly
(lactic-co-glycolic) acid (PLGA) is a copolymer of lactide and glycolide, that has generated
tremendous interest in pharmaceutics because of their excellent biocompatibility, biodegradability,
and mechanical strength. PLGA is used for the preparation of biocompatible biodegradable
extended-release microspheres. However, the PLGA undergoes hydrolytic degradation in an
aqueous environment through cleavage of its backbone ester linkages. As a consequence, PLGA-
based microspheres loaded with LA are usually lyophilized to ensure the stability of LA and PGLA
and reduce agglomeration, sedimentation, and size change of microspheres during storage. The aim
of this present study is to evaluate the influence of lyoprotectants namely mannitol, trehalose,
lactose, and saccharose on the stability of LA and characteristics of PLGA-based microspheres
loaded with LA upon lyophilization. DSC and FTIR were used to evaluate the biocompatibility of
LA and lyoprotectants. The results showed that there was no incompatibility between the LA and
lyoprotectants. Mannitol solution 1.25% was used in freeze-drying PLGA-based microspheres
loaded with LA. The obtained lyophilized microspheres had a good appearance and low moisture.
Lyophilized microspheres after reconstitution had no significant change in drug content, size, and
size distribution in comparison to that before freeze-drying.
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Nghién ciru bao ché vi cau leuprolid acetat déng kho
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Tém tat: Leuprolide acetat (LA) - mt nonapeptide, dugce st dung dé diéu tri mot s6 bénh phu thudce
vao hormon, dé bi phan hiy trong moi truong nude. Polyme poly (lactic-co- glycolic) acid (PLGA)
1a mot chit ddng trung hop cua lactide va glycolide, da dwoc su dung nhiéu 1am chit mang trong
dugc phim vi kha ning twong thich sinh hoc, kha ning phan hiy sinh hoc va do bén co hoc tuyét
voi ctia chiing. PLGA dugc sir dung dé bao ché cac vi cau giai phong kéo dai phan hity sinh hoc.

Tuy nhién, PLGA bi phén huy trong méi truong nude do bi thuy phan thong qua sy phéan cét cac
lién két este ciia n6. Do d6, cac vi cau sir dung chat mang PLGA chira duoc chit LA (vi ciu PLGA-
LA) thuong dugc dong khd dé dam bao tinh 6 op dinh ciia LA va PGLA, dong thoi giam su két tu,

ling dong va thay di kich thudc ciia Cac vi cau trong qua trinh bao quan. Muyc dich ciia nghién
ctru nay la danh gia anh hudng cua céac ta dugc dong kho 1a mannitol, trehalose, lactose va saccharose
ddi véi tinh én dinh cua LA va cac dic tinh cua cc vi cdu dya trén PLGA duoc nap LA khi dong
khé. DSC va FTIR di duoc st dung dé danh gia kha ning twong thich sinh hoc ctia LA va chét bao
vé té bao. Két qua cho thiy khong c6 su tuong ki gitra LA va cac ta dugc dong kho. Dung dich
manitol 1,25% dugc lya chon st dung dé dong kho vi cau. Vi cau PLGA-LA dong kho thu dugce co
hinh thirc banh dep, d6 4m thap. Vi cau dong kho sau khi hoan nguyén khong c6 su thay d6i dang
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ké vé ham luong duoc chét, kich thude va sy phan bd kich thudce so véi trude khi dong kho.

Tir khéa: Leuprolide acetat, PGLA, dong kho, d6 on dinh, vi ciu phan hiy sinh hoc.

1. Mé dau

Leuprolid acetat 1a mot nonapeptid tong hop
¢6 tac dung twong tu chat chu van gonadotropin
release hormon (GnRH), dugc sir dung dé didu
tri cac r6i loan lién quan den hormon gidi tinh
bao gom. ung thu tuyen tién liét, lac n0i mac tir
cung, u xo tir cung va day thi sém phu thuéc
hormon [1]. Vi cu phan hay sinh hoc c4u tao tir
PLGA mang LA dugc nghién ctru phat trién
thanh dang thudc giai phong kéo dai dé thuan lgi
cho bénh nhan diéu trj dai ngay.

" Téc gia lién hé.
Dia chi email: yentth@hup.edu.vn
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Leuprolid acetat c¢6 tinh base yéu, co ban
chat 1a mot peptid chira 9 acid amin khéac nhau
nén duoc chat d& bi thay phan thanh dang khong
con hoat tinh. Poly (lactic-co-glycolic) acid
(PLGA) la polyme phén huy sinh hoc 6n dinh voi
nhiét trong diéu kién khong c6 mat cua nudc.
Tuy nhién, trong moi truong nudc PLGA bi thuy
phén hay phén huy sinh hoc thong qua sy phan
cit mach tai cac lién két ester trong phan tur [2].
Vi vdy, can thiét duy tri o 6n dinh cta hé vi cau
PLGA chira dugc chét leuprolid acetat (PLGA—
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LA) trong qué trinh bao quan. Do d6, vi cau
PLGA-LA thuong duoc dong kho dé dam bao do
6n dinh cua dugc chat va PLGA. Ngoai ra, dong
kho vi cau gitp giam su két ty, sa ling, thay d6i
vé kich thudc cia vi cau trong qua trinh luu trir bao
quan. Chinh vi vdy, dé gop phan nang cao tinh 6n
dinh ctia vi ciu PLGA-LA, nghién ctru khao sat
anh huong cua céc ta dugc dong kho véi muyc dich
bao ché duoc vi ciu PLGA-LA dong kho.

2. Nguyén liéu va phwong phap nghién ctru
2.1. Nguyén liéu va thiét bi

Leuprolid acetat dwoc cung cap boi Chengdu
YoungShe Chemical Co. Ltd (Trung Qudc);
PLGA (50:50), gelatin B dwoc cung cip boi
Sigma-Aldrich (My); polyvinyl alcohol (PVA)
dugc cung cp boi Sinopharm chemical Reagent
Co., Ltd.; acetonitril, methanol, amoni
dihydrophosphat, kali dihydrophosphat, natri
hydroxyd, dimethyl sulfoxid (DMSQO) duoc
cung cap tir Merck (Ptic); acid phosphoric, natri
clorid, dicloromethan dugc mua tir Xilong
Scietific, Trung Qudc; nude tinh khiét duoc didu
ché tai phong thi nghiém (Viét Nam).

Hé thong sic ky 16ng hiéu nang cao (HPLC)
Shimadzu (Nhat), c¢ot InertSustain CI18
5 um — 4,6 x 250 mm (Nhat), thiét bi dong kho
(Alpha 1-2 LD Plus, buc), may quét nhiét vi sai
Mettler - Toledo DSC1 (Thuy si), may do phd
hong ngoai FTIR-1S (Nhat Ban), thiét bi do
KTTP Mastersizer 3000E (Anh), may chuan do
METTLER TOLEDO DL31/DL38 (Nhat), kinh
hién vi dién tor quét SEM may Regulus8100-
HITACHI (Nhat Ban), thiét bj hdp thu huynh
guang Cary eclipse agilent (M¥).

2.2. Phwong phdp nghién cuu

2.2.1. Phuong phap danh gid tinh twong hop
Cuia duoc chat va td duoc dong kho

Cén chinh xac khoang 5 mg LA hoa tan hoan
toan trong 1,5 ml cac dung dich duong mannitol,
trehalose, lactose, saccarose (néng do 10%
(kl/kl)) dé tao thanh dung dich rdi tién hanh dong
kho. Mau duge bao quan & nhiét do 2 °C-8 °C

trong lo thily tinh, day bang nut cao su, boc mang
parafilm cho dén khi tién hanh phan tich. Trudc
khi phén tich, miu duoc dua vé nhiét d6 phong
trong binh hut am. O céc thoi diém ban dau, ngay
4, ngay 8, ngay 15 va ngay thir 21, mau nghién
ctru duge danh gia ham luong duge chat con lai
trong rnau bang phuong phip HPLC; nhimng
thong s6 vé nhiét nhu nhiét do chuyén hoa thiy
tinh (Tg), nhiét d nong chdy (Tm), nhiét do phan
hay (Tq) (neu ¢6) dugc xac dinh dya trén phd
DSC cua mau nghién ctu.

2.2.2. Phwong phdp bao ché vi cau PLGA-LA

Phuong phap bao ché vi cdu PLGA-LA
dong kho

Qua tham khao céc tai liéu, vi cau PLGA-La
duogc bao ché bang phuong phéap nhii hoa kép bdc
hoi dung moi [4]. Hoa tan 60 mg LA trong 0,6
ml dém phosphat pH 7,4, sau d6 thém 6,6 mg
gelatin, 1am 4m céc qua nude nong cho dén khi
gelatin tan hoan toan thu dugc pha nudc noi. Hoa
tan 360 mg PLGA (L:G 50:50) 7-17kDa va
24-38 kDa ¢ ti 1& 1:1 (kI/kl) bang 4 ml DCM, thu
duoc pha dau. Ngam céc thay tinh chta pha
nudce ndi vao nude da dé dat nhiét do tir 5-10 °C.
Phéi pha dau vao pha nudc, tién hanh dong nhat
héa & toc d6 12000 vong/phut trong 5 phut, thu
dugc nhii twong N/D. Chuyén nhii twong N/D
sang cdc 25 ml duge dit trong céc nude da; thém
10 ml dung dich PVA 1,5% - NaCl 1,5% va tién
hanh ddng nhit héa & toc do 4000 vong/phut
trong thoi gian 40 gidy, thu duoc nhii tuong kép
N/D/N. Chuyén nhii tuong kép sang cdc ¢ mo
100 ml, thém 20 ml dung dich PVA 1,5% - natri
clorid 1,5% va suc khi nitrogen véi téc do 20
ml/phut trong 30 phat dé rin hda vi cau. Sau khi
ran hda, chuyén toan bo hon dich vi cau vao dng
ly tdm, dem ly tdm lanh véi toc do 5000
vong/phat, thoi gian 5 phat, nhiét do 5 °C. Sau
d6 gan bo nudéc, thu vi cau. Raa vi cau bang 20
ml nudc cat 2 Ian, roi tiép tuc dem ly tdm lanh
lan 2 véi toc do 5000 vong/phut, thoi gian 5 phit,
nhiét 36 5 °C. Gan b6 nudc, thu dugc bot nhao
vi cau.

Phan tan toan bo bot nhdo vi ciu trong 15 ml
dung dich ta duoc dong kho phii hop roi ray qua
ray 125 um thu dugc hdn dich vi cau, dat hon
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dich vi cau 1én may khudy tir. Pinh lwong ham
lugng dugc chat trong 1 ml hdn dich bang
phuong phap HPLC nhu mé ta ¢ muc 2.2.3. Sau
do6, hit thé tich vi cau twong tng 3,75 mg duoc
chat LA cho vao lo thily tinh. Day lo bang nat
cao su. Pem doéng lanh ¢ -70 °C trong 7 gid, sau
d6 chuyén vao thiét bi dong kho (Alpha 1-2 LD
Plus, Piic) dé thang hoa dung méi ¢ nhiét do
-50 °C, ap suat 0,04 mbar trong 24 gio va sdy &
nhiét 6 25 °C trong 4 gio.

2.2.3. Phurong phap dinh leong dwoc chat

Ham lugng dugc chét dugc dinh luong béng
phuong phap sic ky long hiéu nang cao (HPLC)
trén hé thong Shimazu (Nhat). Dya trén tai liéu
tham khao [3] va diéu kién thuc tién lwa chon
diéu kién sic ky nhu sau: cot InertSustain C18
5um — 4,6 x 250 mm (Nhat); pha dong 1a hon
hop dung dich amoni dihydrophosphat 0,03M
(pH 4) va acetonitril voi ti 1€ 80:20 (tt/tt); nhiét
do cot ¢ 25 °C; toc do dong 1a 0,8 ml/phut; thé
tich tiém mau: 50 pL; detector UV & budc séng
245 nm; dung dich pha mau 1a amoni
dihydrophosphat 0,03M (pH 4,0). Mau chun va
méu thir dugc pha dén nong do thich hop bing
DMSO va dung dich pha mau.

Khéi lwong LA trong vi cau kho (ma) dugc
tinh theo cong thuc:

A X Dy X m, X f,
A. X D,

mpap = X 100%

Trong do:

mea: khéi lugng LA trong vi cAu kho da dinh
lugng (mg);

Me: khéi luong LA di can dé lam méu
chuan (mg);

f.: do tinh khiét cua chuin;

Ac: dién tich pic miu chuan (mAU.s);

A:: dién tich pic mau thir (mAU.s);

De: hé s6 pha loang ctia mau chuan;

De: hé s6 pha loang ctia mau thir.

_ Hiéu suét vi cau héa (EE%) dugc déanh gia
bang cach so sanh ham lugng phan tram duoc
chat trong vi cau thyc te (LCy) v&i ham luong
phén tram dugc chat trong vi cau ly thuyet (LC).
Hiéu suat vi cau hoa dugc tinh theo cdng thic:

EE% = ﬁ X 100%
T 0
Ham luong phan trim dugc chét trong vi cau
ly thuyét (LCy) duoc tinh theo cong thuc:

MLA ban dau

LClt =
Mpgpan dau + Mgelatin + Mprga + Minanitol
X 100%

Ham lugng phén tram duoc chat trong vi cau
thuc té (LCy) dugc tinh theo cdng thuc:

m
LC, = —2— x 100%

vi cAu
Trong do:
MiA banio: khi lugng LA ding khi bao ché (mg);
Mgetatin: khdi Iwong gelatin diing khi bao ché (mg);
MeLca: khdi Iwong PLGA duing khi bao ché (mg);
Myi cau: khoi lugng vi ciu kho da can dé dinh
luong (Mg);

2.2.4. Phuong phdp phan tich nhiét quét vi
sai (DSC)

Can chinh x4c khoang 5-10 mg miu phan
tich cho vao dia nhom, han kin, dua vao budng
may quét nhiét vi sai Mettler - Toledo DSC1
(Thuy si). Tién hanh gia nhiét 1an 1 trong khoang
20-120 °C. Két thuc lan chay dau tién, 10 dugc
lam lanh vé nhiét d6 25 °C. Sau d0, tién hanh gia
nhiét 1an 2 voi khoang nhiét do tir 0 °C dén
250 °C. Trong 2 lan gia nhiét, van tde gia nhiét
duogc giit khong ddi & toc do 10 °C/phut va sir
dung Iuu lugng khi nitrogen la 50 ml/phut. Ghi
lai phd phan tich nhiét quét vi sai ciia mau phan
tich & 1an gia nhiét thi 2.

2.2.5. Phuong phdp quét phé hong ngoai
(FTIR)

Can khoang 2-5 mg miu phan tich, tron déu
va nghién min v6i KBr theo ti 1¢ 1:100, ép bang
méy ép thity luc thanh vién mong gan nhu trong
sudt. Quét phd cuia mau da chuén bi trén may do
phd hong ngoai FTIR -1S (Nhat Ban) trong pham
vi s6 song tir 400 dén 4000 cm™ (49 phan giai
4 cm), 14y tin hiéu trung binh trén 20 lan quét.

2.2.6. Phwong phdp danh gid mét sé déc tinh
ctia Vi cau PLGA-LA

Tinh chat banh dong kho
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San pham thu dugc sau dong kho phai ¢ mau
trang duc, cau tric banh xdp, min. Vi cau dong
kho khi phéan tan lai trong nudéc 1a hon dich mau
trang duc dong nhat, khong c6 lang can tinh thé,
khong co cac tiéu phan c6 kich thudc 16n c6 thé
quan sat dugc bang mat thudng, c6 thé sa ling
khi dé yén nhung khi lic nhe s& phan tan dong
nhat tro lai.

Kich thuéc tiéu phan (KTTP) cia vi ciu
duoc xéac dinh trén thiét bi do KTTP Mastersizer
3000E (Anh).

Tién hanh: cho khoang 400 ml nudc tinh
khiét vao cbc c6 moé 500 ml. Pt cde vao may do
Mastersizer 3000E. Nho hdn dich vi cau bao ché
duoc vao coc c6 mo cho dén khi d6 duc dat
khoang 1-6%. Do va doc két qua.

Cac thong sb cua phép do bao gdbm D[4,3]
(um): KTTP trung binh theo thé tich; Dv(90)
(um): Phan vi 90% vi ciu c6 kich thudc dudi
Dv(90); Span: danh gia phan bd KTTP, Span
cang nho thi khoang phéan b cang hep, Span < 5
1a gia tri c6 thé chap nhan duoc.

Ham 4m: dwoc xac dinh trén thiét bi may
chuan d6 METTLER TOLEDO DL31/DL38
(Nhat) bang phuong phap chuan d6 Karl Fisher.

Ham luong duoc chat: tién hanh dinh luong
nhu phuong phap mo ta 6 muc 2.2.3.

Hinh thai vi cdu PLGA - LA: duoc thuc hién
trén kinh hién vi dién tr quét SEM may
Regulus8100- HITACHI (Nhat Ban). Hon dich vi
cau dugc ly tam & 5000 vong/phut trong 5 phat dé
thu 1dy tua, rira tiia bang nuoc tinh khlet va ly tim
dé loai dich rira, sau d6 mau dugc say trong td say
chan khong & 40 °C trong 24 gid, ¢ dinh trén dé
carbon, sau d6 phu Platin dé ting tinh dan dién va
tién hanh chup SEM. Vi cau dong kho dugc xir 1y
nhu sau: 14y mot lugng vira di mau vi ciu cho 1én
mot dé cacbon, sau d6 phii mét 16p Platin mong
trong 35 gidy 1én mau dé ting do dan dién rdi dua
vao buéng chtra mau, dién thé do & muc 1 hodc
1,5 kV, do phong dai tir 3000 dén 10 000 lan.

2.2.1. Phuong phadp thu giai phong duwoc
chdt in vitro diéu kién cap toc

St dung phuong phép 14y mau va phan tach
[4]: 1 1o vi cau déng khd dugc hoan nguyén bang

2 ml nudc, sau d6 duge chuyén vao lo thiy tinh
dung tich 100 ml chtra san 78 ml méi trudng dém
phosphat saline pH 7,4 chtra polysorbat 80 0,02%
650°C+0,5.

Mot lugng hdn dich vi ciu twong duong véi
3,75 mg dugc chiat LA duoc chuyén vao binh
dinh mirc 5 ml, thém moi trudng dém phosphate
salin pH 7,4 vira du dén vach. Sau d6 chuyén vao
lo thuy tinh c6 chira sin 75 ml méi trudng dém
phosphate saline pH 7,4 chira polysorbat 80
0,02% & 50 °C £ 0,5.

Tai mdi thoi diém nhat dinh, 1dy 2 ml moi
truong giai phong, loc qua mang 0,45 pm dé dinh
lwong phan dugc chat di giai phong (pha lodng
néu can), roi bd sung lai mot thé tich mdi trudng
tuong tng. Mau thir duge do trén thiét bi hap thu
huynh quang Cary Eclipse Agilent (M¥).

Luong duoc chit giai phong tir vi cau theo
thoi gian dugc tinh toan nhu sau:

Nong do duoc chét trong mau thir giai phong
tai thoi diém thr i:

Ci:Fi — Fp ch X fe x D;
Fs — F, D,

Luong dugc chat giai phong tir vi cau tai cac

thoi diém thi i:

Ci X V42 x Yi1
me X CO

i % 100%

% giai phong; =

Trong do:

Co: ham luong LA ¢6 trong vi cau thir giai phong;

Ci: nong do 7 dugc chit trong mau thir giai
phong tai thoi diém thtr i (mg/ml);

Fi: cuong do huynh quang cia mau thir giai
phong tai thoi diém thtr i (A.U);

Fo. cuong d6 huynh quang ctia mau tring (A.U);

Fs: cudong do huynh quang ctia mau LA chuan
so sanh (A.U);

Di: do pha lodng ciia mau thtr giai phong tai
thoi diem thur i;

Dec: d6 pha lodng ctia mau chuén;

me: khéi luong LA chuan (mg);

f.: d6 tinh khiét ctia LA;

me: khoi lugng vi cu thir giai phong (mg);

Vm: thé tich moi truong thir giai phong (ml).
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3. Két qua

3.1. Khdo sat tinh twong hop ciia dwoc chat va td
dwoc dong kho

3.1.1. Ham lwong dwoc chat

Két qua dinh lugng dugc qhét trong cac hon
hop bot dong kho cia dugc chat va ting ta dugc
dong kho dugc trinh bay trong Bang 1.

Bang 1. Ty 1 LA con lai (%) trong bot dong kho cia duge chat va timg ta duoc dong kho (TB = SD, n=3)

35

Sau 28 ngay, ty 1& LA trong cac mau dong

. Ty 1€ LA con lai (%)
Ngay ]
Manniol Trehalose Lactose Saccarose
0 100,00 100,00 100,00 100,00
4 101,12 £ 2,11 100,87 £ 0,12 101,23 £1,22 101,31 £2,19
8 101,46 £ 0,46 101,74 £ 0,02 100,62 + 1,27 102,37 £ 1,59
15 100,02 + 2,48 100,27 £ 0,58 100,21 +£1,83 101,4 + 0,43
21 101,76 £1,89 100,42 £ 0,34 101,27 £1,25 102,07 £ 1,02
28 100,42 +£1,08 100,51 £ 0,44 100,78 £ 0,28 101,32 £1,73
e

LY mannitel I M‘

1B LA {B): bat omg kho LA trhalons

C): Bt &g ihd LA=  enanniicl

Hinh 1. Ph DSC cua mannitol (A), LA (B),
bot dong khé LA+ mannitol (C).

ic)

(A): lactose
(B): bot dong kho LAY lactose
(©):LA

Hinh 3. Phd DSC cua lactose (A),
bot dong kho LA+ lactose (B), LA (C).

(c)LA

Hinh 2. Phd DSC cua trehalose (A), LA (C),
bot dong kho ctia LA+ trehalose (B).

(A)
(B)

(C)

(A): saccarose
(B): bét dong kho LA+ saccarose
(C): LA

Hinh 4. Phd DSC cua saccarose (A),
bot dong kho LA+ saccarose (B), LA (C).

kho voi cac ta duge dong kho mannitol,
trehalose, lactose, saccarose gan nhu khong thay
d6i so v6i ban dau. Céc loai ta dugc trén khong
lam giam ham lugng cta LA trong va sau qué
trinh dong kho, bdo quan.
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3.1.2. Gian dé nhiét quét vi sai (DSC)

Pho phan tich nhiét quét vi sai ciia duoc chat
LA, cac ta dugc (mannitol, trehalose, lactose,
saccarose), hon hop bot dong kho ciia duoc chét -
ta dugc dugc trinh bay trong Hinh 1 dén Hinh 4.

Gian d6 DSC trén Hinh 1 cho thiy LA c¢6
mot cuc dai thu nhiét & khoang 170 °C twong trng
voi nhiét do nong chay cua leuprolid acetat;
mannitol c6 mét cuc dai thu nhiét ¢ khoang
166 °C tuong tng v6i diém nong chay cia ta
dugc nay; hon hop dong kho LA + mannitol co
nhiét 46 nong chay tai 162 °C. Theo mot sb tai
liéu tham khao, dang thu hinh  va o manitol co
peak thu nhiét gin nhau va ¢ khoang 166 °C,
trong khi dang thu hinh y manitol cé peak thu
nhiét 6 khoang 155-158 °C [8]. Nhu vay manitol
nguyén liéu ton tai & dang thu hinh # hoic a.
Nhung khi dong kho, manitol chuyén dang mot
phan sang dang thu hinh y, do d6, hdn hop céc
dang thu hinh nay c6 peak thu nhiét 6 162 °C.
Ngoai ra, peak thu nhiét cia mannitol va che phu
peak thu nhiét cua dugc chét do ti 16 duoc chat
trong mau kha thip va c6 peak thu nhiét gan véi
peak thu nhiét ciia manitol. Trén Hinh 2 cho
thiy, tai nhiét do khoang 100 °C trén pho DSC
cua trehalose xuat hién diém bién thién vé nhiét
tuong Umg voi sy mat nude va nong chay cua
trehalose ngdm nudc; tai nhi¢t do khoang 125 °C
va 200-210 °C c6 cac cuc dai thu nhiét twong ung
véi nhiét d6 ndng chay cua 2 dang thu hinh o va
B - trehalose [5]. Hon hop LA + trehalose dong
kho c6 céc pic thu nhiét twong ung ¢ cac nhiét
dé tuong ung véi cac pic thu nhiét clia tung

[ &

(B)

G TRUYEN QLA

(C)

4000 3500 3000 2500 2000 1500 1000 500
S& séng, em?

Hinh 5. Phd FTIR cta LA (A), mannitol (B),
bot dong khé LA+ mannitol (C).

DO TRUYEN QUA

(A)

thanh phan LA va trehalose. Phé nhiét quét vi
sai trén Hinh 3 cho thy lactose ¢6 3 cuc dai thu
nhiét tai khoang 145 °C, 210 °C va 230 °C tuong
mg v6i sy mat nude ciing nhu nhiét d6 nong
chay cua cac dang thu hinh o va B cua ta dugc
nay [6]. Hon hop LA-+lactose dong kho co céac
pic thu nhiét twong tmg véi ting thanh phan LA
va lactose (Hinh 4B). Trén pho DSC ¢ Hinh 4
cho théy saccarose xuét hién mot cuc dai thu
nhiét & khoang 190 °C ing v6i nhiét d6 nong
chay va mot qua trinh bién d6i vé nhiét & khoang
220 °C lién quan dén sy phan hity ctia saccarose.
Hon hop LA+saccarose dong kho co cac pic thu
nhiét twong Ung véi timg thanh phan LA va
saccarose. Do vay, khong co tuong tac hoa hoc
xay ra gitra dugc chat va cac ta dugc.

3.1.3. Phé héng ngogi FTIR

Phd FTIR cua duoc chét, cua cac ta duogc
dong kho (mannitol, trehalose, lactose,
saccarose), hon hop dong kho cua LA va tig ta
duoc trén dugc trinh bay trong cac Hinh 5-8.

Dir liéu phd FTIR ciia LA+ mannitol ¢ Hinh
5C cho thdy day két qua cua sy chong 1an cac dai
phd ctia LA va mannitol, diéu nay chimg minh
khong c6 tuong tac hoa hoc phat sinh gitra LA
va mannitol. Tuong tu, dit liéu phd FTIR cua hon
hop LA-trehalose & Hinh 6C, hdn hop LA-latose
& Hinh 7C va hén hop LA-saccarose ¢ Hinh 8C
cho thiy day két qua cuia sy chong 14n cac dai
phd cua LA va cac ta dugc trehalose, latose,
saccarose tuong ung. Piéu nay ching minh
khong co6 tuong tac hoa hoc phat sinh gitra LA
va cac ta dugc dong kho nay.

®) i bl 7 I

© | "

4000 3500 3000 2500 2000 1500 1000 500

S6 séng, cm™

Hinh 6. Phd FTIR ctia LA (A), trehalose (B),
bot dong kho LA+trehalose (C).
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Hinh 7. Ph6 FTIR cua LA (A), lactose (B),
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b6t dong kho LA+lactose (C).
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Hinh 8. Phd FTIR ctia LA (A), saccarose (B),
bot dong khoé LA+saccarose (C).

Bang 2. Két qua thu duoc tir phd FTIR ciia LA va ta dugc

37

Céac nhéom chie O-H
alcol, O-H phenol, N-H

Dao dong hoa tri

: cua amid, cadc amin bac | Dao dong cua cac cua nhém Dao dong hoa tri
Dit liéu phd FTIR 1mid, cac, ; ao cong carbonyl C=0, 0 cong ;

1 va bac 2 nam trong lién két C-Hsp3 N s cua nhém C-O

v . £, dao dong hoa tri
dai c6 khoang s song S
A C=N
dao dong

LA 3400-3100 cm'? 2950-2750 cm't 1700-1500cm’? 1150-1000 cmt
Mannitol 3560-3200 cm'* 2950-2880 cm* 1100-1000 cm*

Trehalose 3500-3200 cm'* 2990-2900 cm* 1100-990 cm*
3522 cmtva 4 1

Lactose 3320-3259 cm- 2899 cm 1091-1030 cm
3560-3400 cm va 1 1

Saccarose 3400-3200 cm- 2950-2880cm 1100-1000 cm
LA + mannitol 3560-3100 cm'? 2950-2750 cm't 1700-1500 cm* 1150-1000 cm?t

LA + trehalose

3500-3100 cm'?

2990-2750 cm'!

1700-1500 cm*

1150-990 cm?

LA + lactose

3522 cm1va
3317-3196 cm*

2931-2671 cmt

1700-1500 cm™*

1150-1000 cm™t

LA + saccarose

3560-3400 cm™ va
3400-3200 cm'!

2950-2750 cm?

1700-1500 cm™*

1100-1000 cm™t

3.2. Khdo sat dnh huong cia cac logi ta duoc
dong kho den dac tinh cua vi cau dong kho

Cac ta dugc tao khung khac nhau da duogc st
dung bao gdém: mannitol, trehalose, lactose,
saccarose voi nong do cudi dé dong kho 1a 10%
(KI/K]). Vi cau dong kho c6 hinh thirc banh dep,

mau tring duc, cu tric banh x6p, min, khong
CO ngot.

Céc miu vi cau dong khd 1.1, 1.2, 1.3, 1.4 sau
khi phan tan lai vdi nudc thu duoc hon dich mau
trang duc, khong c6 ldng can tinh thé, khong co
cac tiéu phan c6 kich thudc 16n c6 thé quan sat
duoc bang mét thuong, khi dé yén c6 thé sa ling,
nhung lic nhe thi phan tan déu tré lai.
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Hinh 9. Anh huong cia ta duge dong kho t6i tinh chét ciia banh dong kho.
Béng 3. Anh hudng ciia ta duoc dong kho toi dac tinh vi cau PLGA- LA dong kho
M3u | T4 duoc dong kho Hinh thitc ctia binh dong kho | & nang phan tdn lai va hinh thic cua
mau sau khi pha lai
MO Khoéng str dung ta Banh d6ng kho khong hinh Kh¢ phan tan lai, nhiéu tiéu phan kich
dugc dong kho thanh, co ngdt nhicu. thudc 16n lang & dudi day.
11 Mannitol 10% Banh (30ng kho d?p, mau tra}ng DE: dang phail tanJ tré lval, h?n dgclg mau
duc, x0p, min, khong co ngdt. | trang duc, khong lang can, dong nhat.
L e . 1A Khé phéan tan hon so véi mannitol, hon
1.2 Trehalose 10% Ba}nh dﬁong .kh(,) co ngdt, khong dich c6 mau tring dyc, ¢6 ling cin, KTTP
min, x0p, bi nirt canh. . N
16n bam trén thanh lo.
, N R . N Khé phan tan hon so véi cac ta dugc con
13 | Lactose 10% Banh dong kho co ngot, knong | . - 141 1ng xuéne day, kich thuce
min, bi nrt canh nhiéu. . A s
16n bam trén thanh lo.
N Kho phéan tan h 5i itol, hd
Banh dong kho co ng6t nhiéu 10 phan t an hon so vol ’rnaknnltov, on
1.4 Saccarose 10% hat. bé mat sin kho . dich c6 mau trang duc, c6 lang cén, sa
nhat, be mat san kKhong min. lang nhanh, KTTP 16n bam trén thanh lo.

Dua vao két qua thu dwoc & trén, vi ciu
PLGA-LA d6ng kho st dung ta dugc mannitol

dam bao hinh thirc banh dong kho dep, ciu tric

x6p, min, khong co ngot, kha ning phén tan tot.
Vi vay, mannitol dugc Iva chon cho cac khao sat

3.3. A7nh‘ hwong cia nong dé mannitol t6i dac
tinh vi cau PLGA— LA dong kho

_ Tién hanh khéo sat dong kho vi cdu voi
nong d6 mannitol 1,25%, 2,5%, 7,5%; 10,0%;

tiép theo. 12,5% (kI/Kl).
Béng 4. Anh hudng ctia ndng d6 mannitol dén KTTP vi cdu
Miu Nong do dung Truéc dong kho Sau dong kho
dich mannitol (%) D [4,3] (um) Span D [4,3] (um) Span
M1 1,25 12,14 + 0,44 2,12+0,18 13,27 £ 0,42 1,97 £ 0,05
M2 5,0 27,67 +3,43 2,31+0,13 36,34 + 3,23 2,50+0,12
M3 7,5 27,57 +7,52 3,35+0,05 35,76 + 6,42 2,95+ 0,05
M4 10,0 13,05+2,35 2,75+0,45 13,15+1,35 2,85+ 0,65
M5 12,5 31,62+3/41 3,31+0,13 32,3+3,23 3,50+0,12
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Bang 4 cho thay: véi ndng d6 mannitol 1,25
%; 10% va 12,5%, KTTP va Span trudc va sau
déng kho cia vi cau thay d6i khong nhiéu, dam
bao hinh thic banh xép, min, khong co ngét, dé
phan tan tro lai. Tuy nhién, mau 12,5% va 10%
¢6 hién tugng phan tan lai cham hon do c6 chira
ndng d6 cao dudng mannitol. Chinh vi thé, nong
dd mannitol 1,25 % duogc lya chon cho cac khao
sat tiép theo.

3.4. Ddanh gi¢ mét s6 ddc tinh vi cau déng kho
PLGA- LA

i) Ham dm, KTTP, phin bo KTTP, ham
lwong LA trong vi cau

Gia tri ham 4m cua vi pﬁu dong kho dat nho
hon 2,0% dé dam bao do on dinh cia ché pham
trong qua trinh bao quan [7]. Cac mau vi cau

Volume Density (%)

PLGA-LA dong kho c6 kich thudc trung binh
khoang 30 pm, phan bd ddng déu (Span<5), hiéu
suét nap dugc chat dat 53%. So sanh mau vi cau
trude va sau dong kho (Bang 5) cho thiy khong
¢6 su khac biét nhidu vé KTTP, phan bd KTTP;

Bang 5. KTTP, phan bd KTTP, ham lugng LA va
ham 4m ctia vi cdu PLGA-LA tru6c va sau dong kho

Gia trj
STT | Thongsd Truge dong | Sau dong
kho kho

1 | D[4.3] (um) | 27,24 +2,10 28,11

2 | D(90) (um) | 44,29 2,89 44,17

3 Span 1,67 + 0,03 1,56

Ham luon
4 ) g 100,00 99,00
5 | Ham am (%) 1,32+ 0,29

T T g e T T T
1000 10000 10,0000

Size Classes (um)

Hinh 10. D thi phan bd KTTP vi cau PLGA-LA.

10pm AIST

X 2,000 5.0kV SEI SEM

Hinh 11. Hinh thai vi cau PLGA- LA trudc dong kho.

5/26/2020
WD 5.0mm 19:01:03

10um AIST 5/26/2020
SEM WD 5.1mm 18:15:15

Hinh 12. Hinh thai vi cAu PLGA-LA sau dong kho.
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i) Hinh thai vi cau

Vi ciu PLGA-LA truéc dong kho c6 hinh
ciu, kich thudc phu hop voi ket qua do KTTP
bang may do KTTP, da sd cac tiéu phan trong vi
truong co bé mit nhin, khéng quan sat thay 16
x0p trén be mit nhitng tiéu phan vi ciu nay;

Vi cau PLGA-LA d6ng kho c6 dang hinh
cu, bé mat nhin, nim xen k& véi céc tinh thé

duong. T4 dugc tao khung mannitol sau khi dong
kho, c6 cau tric cac tinh thé voi nhiéu hinh dang,
kich ¢& khac nhau, nhiu manh ta duogc tao
khung bam dinh nhiéu trén bé mat cac vi cau, tir
d6 gitip nang da, on dinh cAu tric vi cau, han ché
su két tu cac vi cu lai véi nhau, khi hoan nguyén
lai tao hdn dich vi cau ciing d& dang hon;

S ()

t (B)

3

]“»)— - @ e R ——
. ©

A): vi cAu PLGA- LA

(
(
(C)
(

Hinh 13. Ph6 DSC ctia vi ciu PLGA-LA trudc dong kho (A), PLGA (B), LA (C), gelatin (D).

iii) Pho phdn tich nhiét quét vi sai

Pho nhiét quét vi sai ciia duoc chat cho thiy
leuprolid acetat ton tai & dang két tinh va néng
chay ¢ nhiét do khoang 170 °C (Hinh 13C). Tuy
nhién trén pho nhiét quét vi sai ciia vi cau PLGA-
LA (Hinh 13A) khong xuit hién dinh thu nhiét
tuong Ung tai vi tri nay, nhu vy trong vi cdu

4 {A]: geelatin
- {B): PLGA

(5] LA

[} S ETTEL

{E): wi cia PLGA- L& 38ng khi

khong ton tai LA & dang két tinh. Ngoai ra, tai
nhiét 46 khoang 40 °C c6 xuat hién mot diém udn
lién quan dén nhiét d6 chuyén hoa thuy tinh cia
ta dugc PLGA. Nhung T, ctia PLGA trong mau
vi cau nho hon so véi Tg ctia PLGA;

Phé nhiét quét vi sai ciia duge chét leuprolid
acetat, cc ta dugc (PLGA, mannitol, gelatin), vi
cau sau dong kho dugc trinh bay trong Hinh 14;

Hinh 14. Phé nhiét quét vi sai ctia gelatin (A), PLGA (B), LA (C), mannitol (D), vi cdu PLGA- LA dong kho (E).
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Pho DSC ctia vi cau PLGA-LA sau dong kho
cho thay mot su bién thién vé nhiét lién quan dén
qua trinh chuyén hoa thiy tinh cua PLGA tai
nhiét do ~42 °C, gia tri nay nho hon so voi Ty
cua PLGA; khong quan sat théy cuc dai hép thu
lién quan dén sy néng chay cua duoc chat
leuprolid acetat;

120

100

=& Trudc dong kho

% DUGC CHAT GIAI PHONG

0 20 40

Pho nhiét quét vi sai cia vi cau sau déng kho
(Hinh 14) c6 cuc dai thu nhiét tai 162 °C. biéu
nay cé thé giai thich do mot phan manitol da
chuyén sang dang gamma tao ra hdn hop thu
hinh alpha hoac beta va gamma manitol, c6 peak
thu nhiét tai 162 °C tuong ting vdi nhiét dg nong
chdy ctia hon hop dang thu hinh nay [8];

Sau déng kho u 915

82,8

60 80 100

THOI GIAN, GIO

Hinh 15. Anh huéng cta qué trinh déng kho vi cau 1én kha ning giai phong dugc chit.

iv) Kha néng gidi phéng dwoc chdt tie vi cau

Két qua thir giai phong & diéu kién cép tbe
(Hinh 15) ctia cuing mét mau vi cau cho thay vi
cau sau dong kho giai phong duoc chat nhiéu
hon tai thoi diém dau (14,14% lac 1 gid) so véi
mAu vi cau chua dong kho (2,23% luc 1 gid).
Dong thoi, % tich lity dugc chat ~da giai phong
tai cac thoi diém sau 7 glo cia mau vi cau dong
kh6 déu 16n hon méu vi cau chua dong khé. Sau
100 gid & diéu kién giai phong, vi cau dong kho
da giai phong 91,5 % dugc chat trong khi vi cau
chua dong kho chi giai phong dugc 82,8%. Nhu
vdy, qua trinh dong kho c6 anh huong nhat dinh
dén toc do giai phong duge chét tir vi cau.

Ban luin

LA 1a mot peptid nén dé bi thily phan trong
nudc. Hon nita, polyme phén huy sinh hoc

PLGA ciing tu do dé dang thuy phan trong moi
truong nudce. Chinh vi vy vi cdu LA ¢6 cau tao
tir chat mang PLGA can thiét duoc lam kho dé
dam bao do 6n dinh ctia dugc chit va chat mang.
Trong sd cac phuong phap lam kho thi phuong
phap dong kh6 phu hop nhit dé lam mat nudc
cho cac ché pham chira thanh phan nhay cam véi
nhiét do khong bi tac dong bdi nhiét dd cao trong
qué trinh 1am kho. Chinh vi vay vi cau PLGA-
LA can thiét duoc lam mét nu6c bang phuong
phap déng khd dé dam bao do 6n dinh.

Nghién ciru tinh twong hop ciia duge chat va
cac ta duoc dong kho cho thay, két qua phan tich
phd DSC ciia hon hop dugc chit LA va cac ta
dugc dong kho ¢ Hinh 2 cho dinh thu nhiét dac
trung cta dugc chat ciing nhu cac dinh thu nhiét
lién quan dén ta dugc trehalose déu xuat hién
chiing t6 hon hop 1a sy tron 1an vat 1y giita dugc
chat va ta dugc dong kho, khong xuat hién peak
thu nhiét méi ching té khong c6 su tuong tac
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giita dugc chat va ta dugc. Két qua twong ty cling
xdy ra voi bot dong kho cua hon hop LA va
saccarose (Hinh 4) ciing nhu mau bot dong kho
LA-lactose (Hinh 3). Véi bot dong khd LA va
mannitol (Hinh 1), trén phd nhiét quét vi sai c6
mot cuc dai thu nhiét rong hon, xuat hién sém
hon (6 nhiét d6 khoang 165 °C) so vai dinh déc
trung cia LA, diéu nay c6 thé do dugc chat va
mannitol c¢6 cuc dai thu nhiét rat gan nhau. Ngoai
ra, tir cac dit liéu phd FTIR cua bot dong kho cia
céc hon hop LA+ mannitol, LA+ trehalose, LA+
lactose, LA+ saccarose cho thay rang phd FTIR
cua timg bot dong kho la két qua cta su chong
1an cac dai pho cta duge chit va ta duge. Nhu
vay, két qua DSC va FTIR chimg minh ring,
khong c6 tuong tdc hoa hoc phat sinh gitra LA
va cac ta dugc dong kho.

Trong s6 cac ta duge déng khd, mannitol c¢6
nhiét d6 chuyén héa thity tinh ciia dao dong tir
-10,7 °C dén -18,4 °C, trehalose I3 -30 °C, ciia
lactose la -33 °C, saccarose la -32 °C. Khi nhiét
d6 cuia mau trong qua trinh 1am kho so cdp cao
hon nhiét d6 nay s& gay ra hién tuong pha v& cdu
trac. Do d6, mannitol c6 nhiét do chuyén hoa
thity tinh cao nhat nén khi 1am ta duoc dong kho
cho hinh thirc banh déng kho dep, khong co ngot
do khong bi pha v& cau trac.

Két qua dong kho vi cau PLGA-LA cho thay,
qua trinh dong kho st dung ta dugce mannitol hau
nhu khéng anh huéng dén dic tinh kich thudc
(sau khi phan tan lai), ham luong duoc chat cua
vi cau. Két qua phén tich nhiét quét vi sai cho
thiy, vi cau truéc dong kho hoan toan khong co
peak thu nhiét nao, khong xuit hién peak thu
nhiét cua dugc chat LA chung t6 dugc chit da
phan tan duéi dang phén tir vao vi cau. Trong khi
d6, & mau vi cau sau dong kho xuét hién 1 peak
thu nhiét chinh la peak thu nhiét cua ta dugc
dong kho mannitol co thé ton tai & dang thu hinh
B va y trong bot dong khé vi cau.

V& dic tinh giai phong duoc chit, vi ciu
chua dong khé c6 toc do giai phong cham hon so
v6i vi cau dong kho do vi cau dong kho da lam
mét nude khoi bé mit ciing nhu bén trong long
vi cau. Do d6, trong qué trinh mat nudc tir trong
10ng vi ciu c6 thé tao ra cac vi kénh dé 1am kénh
giai phong dugc chat. Khi pha lai vi ciu dong

kh6 nudc s& dé& dang hoa tan dugc chat ¢ bé mit
vi cAu, tir tir giai phong duoc chat trong long vi
cau déng kho va sau d6 an mon polymer dé giai
phong duoc chat. Hién tuwong nay ciing duoc
thdy twong tu trong cac nghién ciru khac [10].

Két luan

Khao sat tinh tuong hop cua dugc chat va ta
dugc cho thiy khong co su tuong ki giita duoc
chat va ta dugc dong kho khao sat. Dung dich
mannitol 1,25% (kl/kl) duoc Iya chon dé dong
kho vi cau PLGA-LA do vi cau dong kho thu
dugc co hinh thic banh dep, xép, khong co ngot,
ham am dat 1,32%, d& phén tan tro lai véi nude.
Dic tinh cta vi cau sau khi phan tan lai c6 ham
lwong, kich thudc va khoang phan bd kich thude
(Span) thay dbi khong c6 ¥ nghia so véi trude
khi d@dng khé. Qua trinh dong khoé cé anh hudng
dén dic tinh giai phong duge chat tir vi cau, Vi
ciu doéng kho giai phong duoc chat nhiéu hon so
v6i vi cau khong duge dong kho.

Loi cam on

Nhém tac gia cam on Bo Y té Viét Nam da
tai trg cho nghién ctru nay.
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