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Abstract: Due to biodegradation and extended drug release from weeks to months, poly(lactic-co-
glycolic acid) (PLGA) microspheres are increasingly researched and developed to load different
types of active pharmaceutical ingredients with various therapy goals. However, limits in knowledge
of the drug release mechanism, release model, and influential factors impede the preparation of
appropriate microspheres for patients’ treatment requirements. Therefore, this overview aims to
provide a better insight into the extended drug release characteristics of PLGA microspheres (drug
release mechanism and release model) as well as influential factors (PLGA types, particle size, and
pore density of microspheres) to support the research and development of microspheres
formulations.
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Tong quan vé dic tinh giai phong dugc chat kéo dai

cua vi cau phan huy sinh hoc poly(lactic-co-glycolic acid)
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Truong Dai hoc Duroc Ha Ngi, 13-15 Lé Thanh Téng, Hoan Kiém, Ha Ngi, Viét Nam

2Vién Vat Iy, Vién Han lam Khoa hoc va Céng nghé Viét Nam, 10 Dao Tan, Ba Binh, Ha Ngi, Viét Nam

Nhan ngay 29 thang 4 ndm 2025
Chinh stra ngay 13 thang 5 nam 2025; Chap nhan dang ngay 15 thang 5 nam 2025

Tém tit: Vi ciu poly(lactic-co-glycolic acid) (PLGA) dang ngay cang dwoc cac nha khoa hoc quan
tam nghién ctru - phat trién dé mang nhiéu loai duwoc chit phi hop véi muc tiéu diéu tri khac nhau
do h¢ phan ph01 thudc nay c6 kha nang phan huy sinh hoc va giup giai phong duoc chat kéo dai tir
nhiéu tudn dén nhleu thang. Tuy nhién, do nhiing hiéu biét ve co ché va mé hinh giai phong duge
chit ciing nhu cac yeu t6 anh huong dén dic tinh ndy ctia vi cau con han ché nén viée bao ché vi cau
phu hop v6i yéu cau diéu tri cua bénh nhén con gap nhiéu khé khan. Ttr nhiing 1y do trén, nghién
clru tong quan nay mong mubn cung cép nhitng hiéu biét quan trong vé dic tinh kiém soat Va keo
dai giai phong dugc chét cia vi cdu PLGA (md hinh, co ché giai phong duoc chét) cing cac yéu td
anh huong (loai PLGA, kich thu¢e va mat do 16 xdp vi cau) dé phuc vu nghién ctru phat trién cong
thtrc vi cau.

Tir khod: Vi cau, poly(lactic-co-glycolic acid) (PLGA), phan huy sinh hoc, giai phong duoc chat

kéo dai, co ché giai phong.

1. Gi6i thiéu vé vi cAu phan huy sinh hoc
1.1. Vi cau phdn huy sinh hoc

Vi cau 1a hé phan phéi thudc c6 dang hinh
cdu, kich thuéc trong pham vi tir 1 dén 1000 pm
(thudng tir 1 - 800 pm), ¢6 kha nang mang nhiéu
loai dugc chat khac nhau nhu khang sinh, chét
chéng viém, chit chéng oxy hoa, dugc chit
huéng dich khdi u va/hoic ADN [1]. Vi cau
thuong duge bao ché tir cac polyme c6 kha ning
phan huy sinh hoc nhu chitosan, natri alginat [2,
3], poly(lactic-co-glycolic acid) (PLGA) [4, 5],
poly(ethylene glycol) (PEG) [6],... Trong do, vi
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ciu PLGA dang dugc quan tdm nghién ciu
nhiéu nhat trong nhitng gan day. Tir nim 1989
cho dén nay, da c6 19 san phim thudc chira vi
cdu PLGA duoc FDA cép phép sir dung trén 1am
sang (Bang 1). Vi cau PLGA, v6i wu diém 1a giai
phong duoc chit kéo dai tir vai tudn dén vai
thang déa giup giam bat sy phire tap cua phac do
diéu tri va nang cao tuan thu diéu tri cua bénh
nhan [7, 8]. Ngoai ra, vi cau PLGA ciing dong
vai trd quan trong trong cic phac do diéu trj
hudng dich, vi ching c6 thé van chuyén duoc
chat dén chinh xac dich tac dung, gilp tang
ndng do thudc tai dich va giam phoi nhidm toan
than [9].
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Bang 1. Céc san pham thudc chira vi ciu PLGA dugc FDA phé duyét [10]

Tén san pham Dugc chat Thoi gllilénog(;; phéng Nam cap phép
Lupron Depot® Leuprolid acetat 1, 3,4, 6 thang 1989
Zoladex® Depot Goserelin acetat 1, 3 thang 1989
Sandostatin® LAR Octreotid acetat 1 thang 1998
Atridox® Doxycyclin hyclat 1 tudn 1998
Nutropin Depot® Somatotropin 1 thang 1999
Trelstar® Triptorelin pamoat 1, 3, 6 thang 2000
Somatuline® Depot Lanreotid 1 thang 2000
Arestin® Minocyclin hydroclorid 2 tudn 2001
Eligard® Leuprolid acetat 1, 3,4, 6 thang 2002
Risperidal Consta ® Risperidon 2 tuan 2003
Vivitrol® Naltrexon 1 thang 2006
Ozurdex® Dexamethason 3 thang 2009
Propel® Mometason furoat 1 thang 2011
Bydureon® Exenatid 1 tun 2012
Lupaneta Pack™ Leuprolid acetat 3 thang 2012
Signifor® LAR Pasireotid 1 thang 2014
Zilretta® Triamcinolon acetonid 3 thang 2017
Sublocade™ Buprenorphin 1 thang 2017
Perseris™ Risperidon 1 thang 2018

1.2. Polyme phan huy sinh hoc PLGA

PLGA 1a mét polyme téng hop, duoc cAu tao
tir cac don phan goém acid lactic va acid glycolic.
Su khac nhau vé khéi luong phén tir (KLPT), ty
1€ acid lactic:acid glycolic (L:G) va nhom chuc
tan cung trong mach polyme (acid/este) da tao ra
nhiéu loai PLGA c6 kha ning tmg dung vao
trong linh vyc dugc phém. bé tao ra dugc hé
phan phdi thudc pht hop véi muc tiéu didu tri,
can thiét phai xem xét dic tinh 1y hoa va kha
nang phan huy sinh hoc cua PLGA.

1.2.1. Pdc tinh ly hoa

Do acid lactic ky nudc hon acid glycolic nén
phén tir PLGA c0 ti I¢ acid lactic cang cao thi
cang ky nudc. Céc loai PLGA c6 ty 1€ acid lactic
dudi 50% sé chi tan trong cac dung mdi chra flo,
chang han nhu hexafluoroisopropanol. Khi ty 18
L:G ting 1én, PLGA s& tan duoc trong nhiéu loai
dung méi khac nhau. Vi du, PLGA 75:25 tan
dugc trong benzyl alcohol, clorobenzen va 2-

methyl tetrahydrofuran, con PLGA 70:30 thi
khong [8]. Ti Ié L:G c¢6 ¥ nghia quan trong doi
Véi viéc lya chon dung mdi thich hop dé hoa tan
PLGA trong qua trinh bao ché hé phan phdi thudc.

Nhiét d6 chuyén thuy tinh (Tg) cua PLGA
thuong cao hon 37 °C. Diéu nay gilp duy tri cau
tric ciing do bén co hoc cia PLGA trong co thé
ngudi, tir d6 giup kiém soat thanh cong qué trinh
giai phong thude. Khi ty 1¢ L:G hoic KLPT cua
PLGA tang, Tg clia PLGA cling tang. Phuong
trinh thuc nghiém Flory-Fox gitp md ta mdi
quan h¢ gitra KLPT va Tg cua PLGA [11]:

K

= Ty — N

Trong d6: Tg. 12 nhiét do chuyén thay tinh
cao nhét cua polyme c6 KLPT vé cuing 16n trong
diéu kién ly tuong, K 1a tham sé thuc nghiém c6
lién quan dén “thé tich tu do” (khoang khdng
gian trong giira cac phan tir polyme), M, la
KLPT trung binh cta polyme da cho.

Ty
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1.2.2. Ddc tinh phan huy sinh hoc

Nho kha nang phan huy sinh hoc va tinh
tuong thich sinh hoc cao, PLGA 1a mdt trong )
it polyme dugc Cuc Quan ly Thuc phém va Duoc
pham Hoa Ky (FDA) va Co quan Quan 1y Duoc
phiam Chau Au (EMA) cho phép sir dung trong
diéu tri 1am sang [7]. Trong co thé ngudi, PLGA
bi thuy phan thanh acid lactic va acid glycolic
thong qua qua trinh cat dit cac lién két este. Sau
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CH; @)

PLGA

d6, nho chu trinh Krebs, acid lactic va acid
glycolic dugc chuyén hoa thanh céc san pham
khong doc hai la nude va carbon dioxid [13]
(Hinh 1). PLGA c6 6n dinh cao trong nhiéu moi
truong sinh hoc khac nhau, gitip bao vé duogc
chat tranh khoi cac tac dong cua enzyme, chit
oxy hoa va tac nhan giy hai khac [14]. Vi vay,
PLGA 1la mét trng cur vién ndi bat cho cac hé
phan phdi thudc dung dudng tiém hodc dung dé
ciy ghép.
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Hinh 1. Qua trinh phan huy PLGA trong co thé ngudi [12].

1.3. Xu huwong nghién ciru-phat trién vi cau PLGA

Do sinh ly bénh ung thu rat phirc tap nén cac
phuong phap hoa tri liéu théng thuong c6 thé
khong dat duoc hiéu qua mong mudn va gay ton
thuong cho cdc moé ciling nhu co quan binh
thuong. Vi vay, trong nhirng ndm gan déy, cac vi
cdu PLGA phan huy sinh hoc da duoc nghién
ctru - phét trién dé mang thudc diéu tri nhiéu loai
ung thu khac nhau véi myc dich cai thién kha
nang hudng dich cling nhu kéo dai thoi gian tac
dung cua thudc. Hao va cong su (ndm 2019) da
bao ché vi cau PLGA mang 7-ethyl-10-
hydroxycamptothecin (SN-38), sau do tién hanh
thur tdc dung trén mé hinh chuét thi nghiém mang
té bao ung thu H22 (té bao ung thu biéu md gan
dugc phan lap tir khéi u gan ¢ chudt). Két qua

cho thay: sau khi tiém dung dich SN-38 hoic hdn
dich vi cau PLGA mang SN-38 vao khdi u voi
lidu 10 mg/kg chudt thi nghiém, kich thudc khdi
u déu giam so véi nhém chang (Hinh 2). Tuy
nhién, thé tich va khéi luong khdi u & nhom
chudt duoc tiém hdn dich vi ciu PLGA mang
SN-38 déu nho hon han so véi nhém chudt duoc
tiém dung dich SN-38 (Hinh 2b-d). Ngoai ra, chi
s6 uc ché tang truong khéi u, thoi gian nhan doi
khéi u va téc do tang truong khdi u dac hiéu sau
khi tiém hdn dich vi cau PLGA mang SN-38 lan
lwot bang 1,42 1an, 1,97 1an va 0,51 lan so Vi
khi tiém dung dich SN-38. Diéu nay da ching
minh tiém ning ciing nhu hidu qua vuot troi cua
cac vi ciu PLGA trong viéc phan phdi duoc
chit khang ung thu so véi cac dang bao ché quy
wéc [15].
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Hinh 2. Két qua nghién ciru caa Hao va cong su (nam 2019) vé vi cau PLGA mang SN-38. Trong do: (a) Su thay
doi thé tich khdi u theo thoi gian; (b) Thé tich khéi u ¢ ngay 18; (c) Khdi lwong khdi u & ngay 18; (d) Anh chup
khi u & ngay 18 cua cac nhém chudt duoc tiém dung dich dém salin, hdn dich vi cau PLGA khong mang dwoc

chat, dung dich SN-38 va hdn dich vi ciu PLGA mang SN-38 (n=8, ** hoic ###p < 0,01, ***p < 0,001) [15].

2. Co ché giai phéng dwoe chit tir vi ciu PLGA

§@ H"rJ-\
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Hinh 3. Céc co ché lién quan dén qua trinh giai phong dugc chat: (a) khuéch tan qua hé thdng 16 x6p, (b) khuéch
tan qua mang ludi polyme, (c) an mon [16].
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Qua trinh giai phong dugc chat tir vi cau
PLGA c6 thé chiu tic dong ctia mdt hodc nhicu
co ché khac nhau, trong d6 c6 ba co ché thuong
gap (Hinh 3) bao gom:

i) Khuéch tan qua h¢ thong 16 xbp: déy 1a co
ché giai phong cha yéu dbi véi cac duge chit
than nudc, KLPT 16n nhu octreotid acetat,
leuprolid acetat. Trong qua trinh thir giai phong,
16 x0p s€ hinh thanh ca trén bé mit va trong long
vi cau, theo thoi gian chung sé tang dan vé ca sb
luong 1an kich thudc, tao thanh hé thdng kénh
dan nudc lién tuc, glup khuéch tan duoc chét tir
moi trudng ndi vi cau ra moi trudng ngoal vi cau
[17]. Qué trinh khuéch tan dugc chit qua hé
thong 16 xdp chil yéu xdy ra ¢ nhiing ngay dau
cua qua trinh giai phong, khi vi céu chua bi vo
va van con gilr nguyén hinh dang cau [18]. Co
ché nay phu thudc rat 16n vao do xdp cua vi cau
cling nhu qua trinh hinh thanh va dong-md cac
15 x6p [19];

i) Khuéch tan qua mang luéi polyme: PLGA
¢6 tinh ky nudc, dong vai tro nhu mot hang rao
bao vé, ngin can qua trinh giai phong 6 at duoc
chat ra moi truong bén ngoai. Vi cac dugc chat
than nudc, viée khuéch tan truc tiép qua mang
lu6i polyme twong dbi kho khan. Vi vy, co ché
nay thuong xay ra ¢ cac dugc chit ky nudc co
KLPT nho. Khéc v6i co ché khuéch tan qua hé
thdng 16 xbp, co ché khuéch tan duge chat qua
mang luéi PLGA khong phu thuge vao do xdp
clia vi cAu, ma phu thudc vao tinh linh dong ctia
chudi polyme. Kha ning khuéch tan dugc chét s&
tang 1én khi PLGA chuyén tir trang thai thiy tinh
sang trang thai long nhot [16];

iii) An mon: sau khi vi cau tiép xac véi moi
truong thir giai phong, chudi PLGA bi thuy
phan, lam dut cac lién két este, tao thanh cac
oligome va monome c6 tinh acid. Mdi truong
acid lai 1 yéu tb thuan loi giup qué trinh thoai
ho4 mang luéi PLGA dién ra nhanh hon. Pay
chinh 14 hién tuong “tu xtc tac” trong co ché an
mon vi cau. Tai nhiing ngay dau thir giai phong,
qua trinh in mon vi cau dién ra tuong dbi cham
chap, gitip hinh thanh h¢ théng 16 x6p day dic ¢
trén bé mit va trong 1ong vi cau, tir d6 thiic déy
qua trinh giai phong dugce chat theo co ché
khuéch tan. O giai doan mudn, qua trinh in mon

toan bd mang ludi polyme dién ra vd cung manh
mé, giip giai phong tryc tiép dugc chat ma
khong can phai van chuyén tir trong long vi cau
ra ngoai moi truong [18, 20].

3. Mb hinh giii phéng duwoc chat tir vi ciu
PLGA

Qua trinh giai phong dugc chat tir vi cau
PLGA c6 thé tuin theo mo hinh hai pha hodc mé6
hinh ba | pha. M6 hinh hai pha bao gdbm: pha giai
phong 6 at ban dau va pha giai phong 6n dinh.
Mo hinh ba pha bao gdm: pha giai phong 6 at ban
dau, pha giai phong chiam va pha giai phong
nhanh [21].

Pha giai phong 6 at 1a mot ddc diém thuong
gip & cac hé phan phdi thudce chira cbt polyme,
trong d6, mot luong 16n duoc chat (khoang 10-

80% luwong dugc chat duoc nap vao vi ciu) s&
dugc giai phong trong thoi gian ngan ngay sau
khi tiém [22]. Nguyén nhén chu yeu dan t6i pha
giai phong 6 at 1a do sy gidi phong nhanh cac
phén tir dugc chét con dang lién két long 1éo véi
bé mat cua hé mang thudc hodc su khuéch tan
nhanh duoc chat thong qua h¢ thdng 16 x&p. Do
do dé giam lugng dugc chat giai phong trong pha
o at ¢6 thé tién hanh 1am tang murc do lién két
ciia dugc chit voi bé mit vi cdu. Ching han,
Zheng va cong sy (ndm 2010) da thém alginat
vao thanh phan pha nudc nodi, dong thdi thém
calci clorid va chitosan vao thanh phan pha nuéce
ngoai. Két qua cho thdy lwong duoc chét giai
phong trong pha 6 at giam 3-6 lan khi thém
0,75%-1,5% alginat so véi cac vi ciu PLGA
nguyén ban, trong khi hiéu suét nap dugc chét
khong thay d6i. Nguyén nhén cua hién tugng nay
1a do su xuét hién cua tuong tac tinh dién gilra
16p mang alginat/chitosan va albumin huyét
thanh bo [23].

Pha giai phong chim 1a mot giai doan 6n
dinh, trong d6, dugc chit s& dwoc giai phong mot
cach tir tir ra khoi vi cau [18, 21]. Pha giai phong
cham xuat hién 1a do tinh luu dong cta 16p
polyme cao, kha ning hap thy nudc thip va su
suy thodi ciia PLGA & trang thai thuy tinh, dan
dén bé mat vi cau it 16 xOp hon va duge chat kho
khuéch tan qua mang luéi polyme hon [24]. Dé
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qua trinh giai phong duoc chét tir vi ciu PLGA
dugce dién ra lién tuc thi viéc tdi vu hoa pha giai
phong cham 14 nhiém vy cap thiét. Mot s6 nghién
ctru trén thé gioi di duoc thuc hién nhim tim ra
giai phap gitip tang toc do giai phong duge chat
va rit ngan pha giai phong cham:

Gidi phdp thir nhdt: két hop PLGA ¢6 KLPT
thap voi PLGA c¢6 KLPT cao. Nguyén 1y co ban
cua gidi phdp nay dugc cac nha khoa hoc chi ra
la: trong mdi truong thu giai phong, PLGA
KLPT thap s& bi thily phan trudc, tao ra cac san
pham thoai hod c6 tinh acid, lam giam pH moi
truong, gitp ting toc qua trinh in mon PLGA
KLPT cao va do d6 rat ngin pha giai phong
cham [25].

Gidi phdp thit hai: thém vao thanh phan cong
thire mot sd base it tan nhu k&m carbonat,
magnesi hydroxyd, magnesi carbonat. Kém
carbonat s& phan tng vé6i cac san pham c6 tinh
acid trong moi truong thu giai phong, tao thanh
mudi tan va khi carbon dioxid, giy ra ap suit
tham thau, thac day sy hinh thanh 15 xdp trong
qua trinh thodi hoa vi cu, tao diéu kién thuan loi
cho viéc giai phong lién tuc duoc chit [26].

Gidi phdp thir ba: thém vao thanh phan cong
thirc mot sb ta duge tan trong nudc nhu natri
clorid, calci clorid, cyclodextrin. Cac ta dugc
nay c6 tic dung lam ting ap sudt thim thau, thac
day sy hinh thanh 156 xdp, tao diéu kién thuén loi dé
qua trinh khuéch tan duoc chét dién ra lién tuc [27].

Pha giai phong nhanh dugc ching minh la
bat dau ngay khi qua trinh truong n6 vi cau dién
ra. Truong né vi cau 1a két qua cua viée gia tang
lién tuc ap luc thim thau trong 10ng vi céu (do
ngay cang c6 nhiéu san pham cta qua trinh thuy
phan PLGA duoc tao ra). Luc ndy, cac chudi
PLGA di bi an mon dén khéi lugng phan tir t6i
han nén khong con du strc dé ngin can qua trinh
truong nd ciia vi cau. Pong thoi, cac pha giai
phong duogc chét truge do cling d4 tao ra mot hé
thdng 16 x6p day dic bén trong vi cau. Sy xdm
nhdp lién tuc cia mot lugng 1on nudc qua hé
thong 16 x6p vao sau trong 15i vi cau lam ting
tdc do hoa tan va khuéch tan dugc chét (vuot qua
han ché vé con duong khuéch tan dai do qua
trinh trrong nd vi cau gay ra), va do dé, 1am ting
tdc do giai phong duoc chit [28].

4. Mt s6 yéu t("i, anh huéng dén kha niing giai
phong dwge chat tir vi cau PLGA

4.1. Loai PLGA

Do PLGA 1a t4 dugc kiém soat giai phong va
chiém ti 1& khdi lugng 16n trong thanh phan cong
thire nén viée str dung cac loai PLGA khac nhau
(ti 1€ L:G, KLPT, nhém chuc tan cung, nguén
nguyén liéu) s& tao ra nhimg thay doi dang ké
trong dédc tinh giai phong kéo dai cua hé phan
phéi thude vi cau.

41.1.Tilé L:G

Do dugc cdu thanh tir acid lactic va acid
glycolic nén PLGA s& ké thira nhiing dic tinh
vbn c6 cua hai don phan nay. Trong tu nhién,
poly(glycolic acid) ton tai & dang két tinh, than
nudc nhung tan kém trong nude va bi thuy phan
nhanh. Trong khi d6, poly(lactic acid) lai twong
d6i ctmg, ky nude va ¢ do bén co hoc kém [30].
Do @6, polyme c¢ ti 1¢ L:G khac nhau s€ c6 dac
tinh than, ki nudc khac nhau. Vi du: polyme
PLGA (L:G=50:50) s€ than nudc hon polyme
PLGA (L:G=75:25). Vi viy, viéc thay dbi ti 18
L:G s& c6 nhing anh hudng nhat dinh dén kha
ning kiém soat giai phong duoc chat cia hé vi
cdu PLGA. Cu thé, Li va cong su (ndm 2012) da
tién hanh bao ché vi cau mang protein, st dung
cac PLGA c6 KLPT Ia 50 kDa nhung ti 1¢ L:G
thay di lan luot 1a 50:50, 75:25, 85:15 va 90:10.
Két qua thtr giai phong in vitro cho thiy: khi ting
dan ti 18 acid lactic thi tbc d6 giai phong duoc
chat ra khoi vi ciu PLGA giam dan (Hinh 4a)
[29]. Ngoai ra, viéc str dung PLGA véi ti I¢ L:G
khac nhau cling c6 thé tao ra su khéac biét vé mo
hinh giai phong duoc chat ciia vi cau. Theo
nghién ctru cia Thong va cong su (ndm 2023),
khi tién hanh thir giai phong in vitro & nhiét do
37 °C, trong mdi truong dém phosphat salin pH
7.4, vi cAu mang duogc chit than nudc st dung
PLGA co6 ti 1€ L:G=50:50 giai phong theo md
hinh ba pha (gdm pha giai phong 6 at, pha giai
phong cham va pha giai phong nhanh), trong khi
vi ciu mang dugc chat thin nudc st dung PLGA
c6 ti 1¢ L:G=75:25 giai phong theo mo hinh hai
pha (g0m pha giai phong 6 at va pha giai phong
on dinh) (Hinh 4b) [21].
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Hinh 4. Anh hudng cua ti 16 L:G dén dic tinh giai phong dugc chit cua vi ciu PLGA: (a) Li va cong su
(nam 2012), (b) Thong va cong su (ndm 2023) [21, 29].
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Hinh 5. Anh huong cua KLPT polyme dén két qua thir giai phong dugc chat (a-b) va qua trinh n mon vi cau
PLGA (c). Két qua dugc bao cdo trong nghién ciru cua a) Li va cong su (nam 2012);
b) va ¢) Zhang va cong su (nam 2023) [18, 29].



N. G. Thong et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 41, No. 2 (2025) 1-14 9

4.1.2. Khéi lrong phan tiz polyme

So v6i PLGA KLPT nhd, PLGA KLPT 16n
c6 mach carbon dai hon nén ky nudc hon. Dan
dén, khi & trong mdi trudng thir giai phong, cac
vi cdu dugc bao ché tir PLGA KLPT I6n s& it
thAm nudc hon va bj phan hity chdm hon cac vi
cau duoc bao ché tir PLGA KLPT nho [21]. Piéu
nay s& anh huong dang ké dén kha ning giai
phong dugc chét cua vi cdu PLGA. Chéng han,
Li va cong su (nim 2012) da tién hanh bao ché
vi cu mang protein, str dung cac PLGA c6 cing
ti 16 L:G 1a 75:25 nhung KLPT thay doi lan luot
12 30 kDa, 50 kDa va 100 kDa. Két qua thir giai
phong in vitro cho thay khi ting dan KLPT cua
PLGA thi toc do giai phong dugc chat cham dan
(Hinh 5a) [29].

V6i muyc tiéu diéu chinh téc do an mon vi cau
dé tir d6 dat duoc tde do giai phong duoc chét
mong mudn, thyc té, trong qua trinh bao ché vi
cdu, céc loai PLGA v6i KLPT khéc nhau c6 thé
dugc phdi hop theo mét ti 18 nhat dinh. Theo ly
thuyét, PLGA KLPT nho it ky nudc hon PLGA
KLPT 16n nén trong giai doan tao nhii tuong,
PLGA KLPT nho ¢6 xu hudng tap trung ra phia
ngoai cua giot dau, con PLGA KLPT 16n s& ndm
& phia bén trong. Din dén, sau giai doan bdc hoi
dung méi dé ran hod vi cau, cac phan tir PLGA
KLPT nho sé tap trung & phia trén bé mit vi cau
[10]. Trong méi truong thir giai phong, PLGA
KLPT nho bi thuy phan trude, lam xuét hién sém
céc 16 x6p trén bé mat vi cau, gitp nude dé dang
xam nhdp vao sau bén trong mang ludi polyme,
tir d6 tao ra diéu kién thudn loi cho qua trinh thuy
phén mang luéi PLGA. Ngoai ra, su phan huy
cia PLGA KLPT nho s& tao ra cic san phim co
tinh acid, lam giam pH moéi truong, xuc tac cho
qué trinh cat dut lién két este ctia chudi PLGA
KLPT 16n. Két qua 14 ti 1¢ PLGA KLPT nho cang
cao thi vi cdu bi an mon cang nhanh va pha giai
phong chdm cang duoc rit ngin [25]. Didu nay
da duogc chimg minh trong nghién ctru ciia Zhang
va cong su (nam 2023) vé vi cau PLGA mang
moxidectin. Sau khi tién hanh thir giai phong 4
mau vi cau F1, F2, F3, F4 ¢6 ti 1€ PLGA 75 kDa
va PLGA 23 kDa lan luot 1a 1:0, 9:1, 2:1, 1:1,
nhom téc gia di dwa ra két luan: pha giai phong
cham bi rit ngin dang ké khi tang ty 16 PLGA c6

KLPT thap (cu thé, pha giai phong cham cua F1,
F2, F3, F4 lan luot kéo dai dén ngay 144, 108,
70, 49) (Hinh 5b); dong thoi, sy xuat hién cia
cac 16 x6p dau tién trén bé mit vi cau ciing trd
nén sém hon khi ting ty 16 PLGA c¢6 KLPT thap
(cu thé, cac 16 xbp dau tién trén bé mit vi cau F1,
F2, F3 va F4 lan luot dugc quan sat vao tuan thir
24,16, 12 va 8 (Hinh 5c) [18].

4.1.3. Nhém chuc tgn cung trong mach
polyme

Ban chit cua nhém chirc tan cing trong
mach polyme (acid hoac este) c6 anh huong truc
tiép dén kha nang phan hity sinh hoc ctia PLGA.
Cu thé: chudi PLGA mang nhom chic acid tan
cung s& than nudc hon nén phan hily nhanh hon
chudi PLGA mang nhém chirc este tan cting. Do
d6, vi cAu chira PLGA ¢6 nhom acid tan cung s&
hép thu nudc nhiéu hon va bi dn mon nhanh so
v6i vi cdu chira PLGA c6 nhom este tan cung [7].
Nam 2019, Wang va cong su da tién hanh nghién
ctru vé vi cau PLGA mang dugc chat doxycyclin.
Hinh 6 14 d6 thi biéu dién pH méi trudong thir giai
phong tai cac thdi diém khac nhau cua 4 mau:
P2-D (PLGA 17 kDa, nhém este tan cung), P2A-
D (PLGA 17 kDa, nhém acid tén cung), P4-D
(PLGA 44 kDa, nhom este tan cung) va P4A-D
(PLGA 44 kDa, nhom acid tan cung). Két qua
cho thdy: tai timg thoi diém lay mau, gia tri pH
clia moi trudng giai phong khi thir vi cdu chia
PLGA mang nhom chirc acid tan cing thap hon
han so voi khi thir vi cau chira PLGA mang nhém
chirc este tan cung. Piéu nay ching t6 PLGA
mang nhém chirc acid tdn cung bi thuy phan
nhanh hon, tao ra nhiéu oligome va monome c6
tinh acid hon so véi PLGA mang nhom churc este
tan cung [31].

Khong phai bt cir duge chat nao dugc dua
vao hé vi cau ciing déu twong tac véi PLGA. Tuy
nhién, khi twong tac gitra dugc chit va ta duoc
polyme xuat hién, qua trinh giai phong duoc chat
tir vi cdu PLGA s& c0 su thay d6i. Tuong tac
dugc chét - ta dugc polyme hay gip nhét trong
vi cau 1a tuong tac ion gitra PLGA c¢6 nhém acid
tan cing va duogc chat than nuéc ¢d nhoém amin.
Nghién ctru cua Klose D. va cdng sy (ndm 2008)
da chi ra ring: tuong tac ion giita nhom carboxyl
tan cung trong phén tir PLGA v&i nhém amin béac
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ba cua lidocain lam tang ai lyc cia dugc chét voi
mang ludi polyme, din dén lam cham qua trinh
khuéch tan duoc chét tir trong long vi ciu ra
ngoai moi truong gidi phong. Nguoc lai, do
khong c6 tuong tac ion gitita ibuprofen voi PLGA
nén tbc d6 khuéch tan ibuprofen nhanh hon
lidocain [32]. Nam 2019, Andhariya va cong su
d4 dua ra bao céo vé twong tac ion giita phan tir
leuprolid acetat mang nhom amin tich dién

duong va phan tir PLGA mang nhom carboxyl
tan cung tich dién 4m trong cic mau vi cau bao
ché dugc. Tuong tac ion nay c6 thé lam giam toc
d6 giai phong dugc chat théng qua hang loat qua
trinh hap phu/giai hip phu trén bé mat polyme
dang bi phan hiy. Bét ky yéu t6 nao 1am thay dbi
tuong tac hoa ly gitra leuprolid acetat va PLGA
cling c6 thé anh huong 16n dén kha ning kiém soat
viéce giai phong dugc chét ciia vi cau PLGA [33].

Gia tri pH ban dau

AOUUNOUUOOOUNNNNNN

ctia moi trudng
thir giai phéng
Ngay 4

Ngay 11

Ngay 21

Ngay 31

BEE0

ANV

|

Hinh 6. Sy thay d6i pH moi truong thur giai phong cua 4 mau vi cau dugc bao ché tir cac loai PLGA khéac nhau
vé nhom chire tan cung trong mach polyme [31].

4.2. Kich thude vi cau

Kich thudc vi cau 1a mot trong nhiing yéu t6
quan trong anh hudng dén qua trinh giai phong
duoc chét. Nghién ctru cua Chen va cong su
(ndm 2017) vé vi cau PLGA mang duoc chat
gefitinib dd két luan rang: kich thudc vi ciu
quyét dinh co ché giai phong dugc chit. Cy thé,
céc vi cau co kich thudc nho (< 50 um) s& giai
phong duoc chat theo co ché khuéch tan 1a chu
yéu; trong khi do, cac vi cau c6 kich thude 16n
(= 50 pm) giai phong duge chét theo co ché
khéch tan ¢ giai doan du va theo co ché dn mon
O giai doan mudn [20]. Nghién ctru cua Busatto
va cong sy (nam 2017) vé vi cau PLGA mang
dugc chat progesteron ciing da chimg minh anh
huong cia kich thude vi cau dén mé hinh giai
phong dugc chét. Trong dé, cac vi cau 16n (kich
thude tur 50 dén 100 pm) giai phéng theo mo
hinh 3 pha gom pha gidi phong 6 at ban dau (do
giai phong lugng 16n duge chat nim trén bé mat

vi cAu), pha giai phong chdm (v&i co ché khéch
tan qua mang ludi polyme la chu yéu) va pha giai
ph(’)ng nhanh (do qua trinh &n mon polyme). Con
cac vi cau nho (kich thude du6i 50 um) giai
phong theo mo hinh 2 pha gom pha giai phong 6
at ban dau va pha giai phong 6n dinh (duoc chat
khéch tan tir tir qua mang ludi polyme) [34].
Trong qua trinh bao ché, co thé diéu chinh
cac thong s6 quy trinh mot cach phu hop dé tao
ra vi cau c6 kich thuéc mong muon, chang han
nhu ndng d6 polyvinyl alcol (PVA) trong pha
nude ngoai. Khi bao ché vi cau PLGA bing
phuong phap nhii héa kép két hop bde hoi dung
mbi, PVA (chit dién hoat khong ion hoa) thuong
dugc thém vao pha nude ngoai dé ting d6 6n
dinh cuia nhii twong kép nude/dau/nude va ngan
su két tu vi cau [4]. Nam 2015, khi bao ché vi
cau PLGA mang albumin bang phuong phap nhii
hoa kép két hop bdc hoi dung moi, Martin-
Sabroso va cong sur nhan thay rang: khi nong d6
PVA trong pha nudc ngoai giam tir 5% xudng
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2% thi kich thudc vi cau ting 1én dang ké, dong
thoi cac vi cau ciing dé két tu vao nhau hon [35].
Téc d6 va thoi gian nhii hoa ciing 13 cac thong co
thé diéu chinh dé 1am thay déi kich thudc vi cu.
Liu va cong sy (ndm 2021) da nghién ctru anh
huong cua tée do nhil hoa dén kich thude cia vi
cau khi bao ché vi cau PLGA mang protein bang
phuong phap nhi hoa keép ket hop bdc hoi dung
moi. Két qua cho thay: khi tdc d6 nhii hoa giam
tir 3000 vong/phut xudng 1000 vong/phut thi

3400 2 000V 20 4mm x050 S8 121202017

S3400 2.000V 10 Amm x000 SE 12122017

(€)

kich thuéc vi ciu PLGA ting tir 0,3 — 0,5 pm Ién
20— 30 um [36]. Két qua tuong tu ciing thu duoc
tr nghién ctru cua Park va cong sy (nam 2024).
Cu thé, khi ting toc d6 nhii hoa 1an hai tir 6500
vong/phut 1én 17500 vong/phut, kich thudc vi
cau thu dugc giam tir 13,25 pm xudng 3,65 pum.
Ngoai ra, khi ting thoi gian nhii hoa lan hai tir
0,5 phut 1én 4 phit, kich thuéc vi cau sau khi ran
hoéa giam tir 42,39 pm xuéng 12,95 um [37].

S3400 2 00AV 10 4rrwn #5850 SE 121122017

SI00 2 006V 10 Amen »850 SE 120122017

(d)

Hinh 7. Anh chup kinh hién vi dién tir quét cua cac mau vi cdu c6 ndng d6 amoni bicarbonat trong pha nuée ndi
lan lugt 1a (a) 0%, (b) 1%, (c) 2%, (d) 4% [39].

4.3. Mdt dg 16 xop

Sy c6 mat cua hé thong 16 x6p s& lam tang
dién tich tiép xtic cua vi cAu véi moi truong thir
giai phong, dong thoi tao ra cac kénh dan nudc
gilip nudce tir moi truong gidi phong dé dang xam
nhap vao sau trong long vi cau, tir do day nhanh
qua trinh khuéch tan dugc chit va lam ting toc
d6 thuy phan mang ludi PLGA. Nho vdy ma qua
trinh giai phong duoc chat tir vi ciu PLGA c6 thé

dién ramét cach thuan 191 [24]. Trong cac nghién
clru gan day, phuong phap phd bién nhét dé ting
mat d 16 xop ctia vi cau PLGA 1a thém amoni
bicarbonat vao thanh phan pha nudc ndi. Trong
qua trinh bao ché, & giai doan tao nhil twong,
amoni bicarbonat s& dé dang bi phan huy thanh
khi amoniac va khi carbonic dudi tac dung cia
Iurc cit tir thiét bi ddng nhét hoa. Céc bot khi nay
sau d6 s& duoc bao goi vao trong cac giot dau.
bén giai doan ran hoa vi cau, cac bot khi nay sé&
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bbc hoi ciing dung mdi hitu co, tao ra hé thong
16 x0p day dic ¢ trén bé mit va trong 1ong vi cau
[38, 39]. Nghién ctru cua Kim va cong sy (nam
2020) vé vi cau PLGA mang donepezil
hydroclorid da chirng minh vai trd cia amoni
bicarbonat dén d6 x6p cua vi cau. Cu thé, khi
khong thém amoni bicarbonat vao pha nuéc ndi,
bé mit vi cau tuong ddi tron nhan (Hinh 7a) va
do x0p cua vi cau chi dat 8,93%. Khi nong do
amoni bicarbonat trong pha nudc ndi ting dan tir

1% dén 4%, s6 lugng va kich thude 16 x0p trén
bé mat vi cau ngay cang l6n (Hinh 7b-d), dong
thoi d6 xdp cua vi cdu ciing ting tir 29,9% 1én
63,4% [39].

5. Két luan

Vi cau PLGA dang ngay cang ung dung rong
rdi trong phat trién hé mang thudc vi kha nang
phan huy sinh hoc Va glup glal phong dugc chét
kéo dai tir nhiéu tuan dén nhleu thang. Qua trinh
giai phong duoc chat tir vi cau PLGA c6 thé tuan
theo m6 hinh hai pha hodc mé hinh ba pha.
Trong cac co ché giai phong duoc chit tir vi cAu
thi co ché khuéch tan va an mon dong vai trd
quan trong nhat. Loai PLGA (ti 1é L:G, KLPT,
nhom chuc tan cung trong mach polyme), kich
thudce vi cau, mat do 16 xop vi cau c¢6 anh huong
nhit dinh den thoi gian va tée do giai phong duoc
chat tir vi cAu PLGA. Tuy nhién, cac yéu té nay
hoan toan co thé kiém soat dugc trong qua trinh
bao ché vi cau. Nghlen cu'u tong quan nay gop
phan phan tich cac yéu t trong yéu anh huong
dén kha ning kiém soat giai phong cua vi cu
PLGA; 1am co s& dé thiét ké cac vi ciu giai
ph(’)ng kéo dai; hudng dén bao ché duoc cac vi
cau co thoi glan giai phong phu hop va dap tng
dugc yéu cau diéu tri.

Lo1i cam on

Ngbé Giao Thong duogc tai trg bdi Chuong
trinh hoc béng dao tao thac si, tién si trong nudc
cia Quy Pdi méi sang tao Vingroup (VINIF),
ma s6 VINIF.2024.ThS.73.

Tuyén b6 vé lgi ich xung dot

Céc tac gia tuyén b rang khong c6 xung dot
loi ich.

Tai li€éu tham khao

[1] X.Guoetal., PLGA-based Micro/nanoparticles: an
Overview of Their Applications in Respiratory
Diseases, Int J Mol Sci, Vol. 24, No. 5, 2023,
pp. 4333, https://doi.org/10.3390/ijms24054333.

[2] O.D. Frent et al., Preparation and Characterization
if Chitosan-alginate Microspheres Loaded with
Quercetin, Polymers (Basel), VVol. 14, No. 3, 2022,
p. 490, https://doi.org/10.3390/polym14030490.

[3] A. R. Cho et al., Preparation of Alginate-CaCl,
Microspheres as Resveratrol Carriers, Journal of
Materials Science, Vol. 49, No. 13, 2014,
pp. 4612-4619,
https://doi.org/10.1007/s10853-014-8163-x.

[4] N.G. Thong et al., Effect of Processing Parameters
on Characteristics of Biodegradable Extended-
release  Microspheres Containing Leuprolide
Acetate, Drug Dev Ind Pharm, Vol. 50, No. 12,
2024, pp. 981-994,
https://doi.org/10.1080/03639045.2024.2433621.

[51 N. T. Lam et al.,, Investigation of Lyophilized
Microspheres Loaded with Leuprolide Acetate,
VNU Journal of Science: Medical and
Pharmaceutical Sciences, Vol. 39, No. 1, 2023,
https://doi.org/10.25073/2588-1132/vnumps.4487.

[6] J. Wuetal., Control of Silk Microsphere Formation
Using Polyethylene Glycol (PEG), Acta Biomater,
Vol. 39, 2016, pp. 156-168,
https://doi.org/10.1016/j.actbio.2016.05.019.

[71 H. K. Makadia, S. J. Siegel, Poly Lactic-co-
glycolic Acid (PLGA) as Biodegradable
Controlled Drug Delivery Carrier, Polymers
(Basel), Vol. 3, No. 3, 2011, pp. 1377-1397,
https://doi.org/10.3390/polym3031377.

[8] K. Park et al., Injectable, Long-acting PLGA
Formulations: Analyzing PLGA and
Understanding Microparticle Formation, Journal of
Controlled Release, Vol. 304, 2019, pp. 125-134,
https://doi.org/10.1016/j.jconrel.2019.05.003.

[9] A. Butreddy et al., PLGA/PLA-based Long-acting
Injectable Depot Microspheres in Clinical Use:
Production and Characterization Overview for
Protein/Peptide Delivery, Int J Mol Sci, Vol. 22,
No. 16, 2021,
https://doi.org/10.3390/ijms22168884.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

N. G. Thong et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 41, No. 2 (2025) 1-14 13

M. Ochi et al.,, Influence of PLGA Molecular
Weight Distribution on Leuprolide Release from
Microspheres, Int J Pharm, Vol. 599, 2021,
pp. 120450,
https://doi.org/10.1016/j.ijpharm.2021.120450.

G. Liu, K. McEnnis, Glass Transition Temperature
of Plga Particles and the Influence on Drug
Delivery Applications, Polymers (Basel), Vol. 14,
No. 5, 2022,
https://doi.org/10.3390/polym14050993.

J. M. Dodda et al, Progress in the Drug
Encapsulation of Poly(lactic-co-glycolic acid) and
Folate-decorated Poly(ethylene glycol)-
poly(lactic-co-glycolic acid) Conjugates for Selective
Cancer Treatment, Journal of Materials Chemistry B,
Vol. 10, No. 22, 2022, pp. 4127-4141,
https://doi.org/10.1039/D2TB00469K.

F. Danhier et al., PLGA-based Nanoparticles: an
Overview of Biomedical Applications, Journal of
Controlled Release, Vol. 161, No. 2, 2012,
pp. 505-522,
https://doi.org/10.1016/j.jconrel.2012.01.043.

R. Ismail et al., Encapsulation in Polymeric
Nanoparticles Enhances the Enzymatic Stability
and the Permeability of the GLP-1 Analog,
Liraglutide, Across A Culture Model of Intestinal
Permeability, Pharmaceutics, Vol. 11, No. 11, 2019,
https://doi.org/10.3390/pharmaceutics11110599.

Y. Hao et al., SN-38-loaded PLGA Microspheres
Injected Intratumorally for Cancer: Preparation,
Characterization and Evaluation, Journal of Drug
Delivery Science and Technology, Vol. 53, 2019,
pp. 101178,
https://doi.org/10.1016/j.jddst.2019.101178.

S. Fredenberg et al., The Mechanisms of Drug
Release in poly(lactic-co-glycolic acid)-based
Drug Delivery Systems--A Review, Int J Pharm,
Vol. 415, No. 1-2, 2011, pp. 34-52,
https://doi.org/10.1016/j.ijpharm.2011.05.049.

T. Wang et al., Pore Change During Degradation
of Octreotide Acetate-loaded PLGA Microspheres:
The Effect of Polymer Blends, European Journal of
Pharmaceutical ~ Sciences, Vol. 138, 2019,
pp. 104990,
https://doi.org/10.1016/j.ejps.2019.104990.

H. Zhang et al., The Effect of Polymer Blends on
the in  Vitro Release/Degradation  and
Pharmacokinetics of Moxidectin-loaded Plga
Microspheres, Int J Mol Sci, Vol. 24, No. 19, 2023,
pp. 14729,
https://doi.org/10.3390/ijms241914729.

S. Fredenberg et al., Pore Formation and Pore
Closure in Poly(D,L-lactide-co-glycolide) Films,

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Journal of Controlled Release, Vol. 150, No. 2,
2011, pp. 142-149,
https://doi.org/10.1016/j.jconrel.2010.11.020.

W. Chen et al., Effect of Particle Size on Drug
Loading and Release Kinetics of Gefitinib-loaded
PLGA Microspheres, Mol Pharm, Vol. 14, No. 2,
2017, pp. 459-467,

https://doi.org/10.1021/acs.molpharmaceut.6b00896.

N. G. Thong et al., Investigation on Modeling and
Correlating Drug Release Profiles in the
Accelerated and Real-time Conditions to
Formulate Leuprolide Acetate-Loaded
Biodegradable Microspheres, Journal of Drug
Delivery Science and Technology, Vol. 86, 2023,
pp. 104529,
https://doi.org/10.1016/j.jddst.2023.104529.

J. Wang et al., Characterization of the Initial Burst
Release of A Model Peptide from Poly(D,L-
lactide-co-glycolide) Microspheres, Journal of
Controlled Release, Vol. 82, No. 2-3, 2002,
pp. 289-307,

https://doi.org/10.1016/S0168-3659(02)00137-2.

C. Zheng, W. Liang, A one-step Modified Method
to Reduce the Burst Initial Release from PLGA
Microspheres, Drug Delivery, Vol. 17, No. 2, 2010,
pp. 77-82,
https://doi.org/10.3109/10717540903509001.

D. Klose et al., How Porosity and Size Affect the
Drug Release Mechanisms from PLGA-based
Microparticles, Int J Pharm, Vol. 314, No. 2, 2006,
pp. 198-206,
https://doi.org/10.1016/j.ijpharm.2005.07.031.

B. Gu et al., In vitro and in vivo Performance of
Dexamethasone Loaded PLGA Microspheres
Prepared Using Polymer Blends, Int J Pharm,
Vol. 496, No. 2, 2015, pp. 534-540,
https://doi.org/10.1016/j.ijpharm.2015.10.056.

K. Hirota et al, Characterizing Release
Mechanisms of Leuprolide Acetate-loaded PLGA
Microspheres for IVIVC Development I: In Vitro
Evaluation, Journal of Controlled Release,
Vol. 244, No. Pt B, 2016, pp. 302-313,
https://doi.org/10.1016/j.jconrel.2016.08.023.

M. Nasr et al., Hydrophilic Versus Hydrophobic
Porogens for Engineering of Poly(Lactide-Co-
Glycolide) Microparticles Containing Risedronate
Sodium, Pharm Dev Technol, Vol. 18, No. 5, 2013,
pp. 1078-88,
https://doi.org/10.3109/10837450.2012.693507.
H. Gasmi et al., Towards a Better Understanding of
the Different Release Phases from PLGA
Microparticles: Dexamethasone-loaded Systems,
Int J Pharm, Vol. 514, No. 1, 2016, pp. 189-199,
https://doi.org/10.1016/j.ijpharm.2016.08.032.



14

[29]

[30]

(31]

(32]

[33]

[34]

N. G. Thong et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 41, No. 2 (2025) 1-14

Z. H. Lietal., Effect of the Lactide/Glycolide Ratio
and Molecular Weight of PLGA on the Bovine
BMPs Microspheres Systems, Advanced Materials
Research, Vol. 466-467, 2012, pp. 405-410,
https://doi.org/10.4028/www.scientific.net/ AMR.

466-467.405.

Sonam et al., Effect of Physicochemical Properties
of Biodegradable Polymers on Nano Drug
Delivery, Polymer Reviews, Vol. 53, No. 4, 2013,
pp. 546-567,
https://doi.org/10.1080/15583724.2013.828751.

J. Wang et al., Encapsulation and Release of
Doxycycline from Electrospray-Generated PLGA
Microspheres: Effect of Polymer end Groups, Int J
Pharm, Vol. 564, 2019, pp. 1-9,
https://doi.org/10.1016/j.ijpharm.2019.04.023.

D. Klose et al., PLGA-based Drug Delivery
Systems: Importance of the Type of Drug and
Device Geometry, Int J Pharm, Vol. 354, No. 1-2,
2008, pp. 95-103,
https://doi.org/10.1016/j.ijpharm.2007.10.030.

J. V. Andhariya et al., Development of Level A in
Vitro-In Vivo Correlations for Peptide Loaded
PLGA microspheres, Journal of Controlled
Release, Vol. 308, 2019, pp. 1-13,
https://doi.org/10.1016/j.jconrel.2019.07.013.

C. Busatto et al., Effect of Particle Size,
Polydispersity and Polymer Degradation on
Progesterone Release from PLGA Microparticles:
Experimental and Mathematical Modeling, Int J

[35]

[36]

[37]

(38]

[39]

Pharm, Vol. 536, No. 1, 2018, pp. 360-369,
https://doi.org/10.1016/j.ijpharm.2017.12.006.

C. Martin-Sabroso et al., Critical Attributes of
Formulation and of Elaboration Process of PLGA-
protein Microparticles, Int J Pharm, Vol. 480,
No. 1-2, 2015, pp. 27-36,
https://doi.org/10.1016/j.ijpharm.2015.01.008.

S. Liu et al., Anisotropic PLGA Microsphere/PVA
Hydrogel Composite with Aligned Macroporous
Structures for Directed Cell Adhesion and
Proliferation, International Journal of Polymeric
Materials and Polymeric Biomaterials, Vol. 72,
2021, pp. 1-10,
https://doi.org/10.1080/00914037.2021.2018317.

H. Park, Exploring the Effects of Process
Parameters During W/O/W Emulsion Preparation
and Supercritical Fluid Extraction on the Protein
Encapsulation and Release Properties of PLGA
Microspheres, Pharmaceutics, Vol. 16, No. 3, 2024,
https://doi.org/10.3390/pharmaceutics16030302.

T. K. Kim et al., Gas Foamed Open Porous
Biodegradable Polymeric Microspheres,
Biomaterials, Vol. 27, No. 2, 2006, pp. 152-159,
https://doi.org/10.1016/j.biomaterials.2005.05.081.
D. Kim et al., PLGA Microspheres with Alginate-
coated Large Pores for the Formulation of An
Injectable Depot of Donepezil Hydrochloride,
Vol. 12, No. 4, 2020, pp. 311,
https://doi.org/10.3390/pharmaceutics12040311.



