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ABSTRACT: Long-acting microspheres, as a kind of micron level drug carrier, are made from drug dissolving or dispersing in poly-
mer materials. This new dosage form can significantly reduce dosing frequency, improve the stability and reduce the side effects of drugs
with macromolecular material package. Nowadays, microspheres become widely used in protein polypeptide drugs. Some sustained-re-
lease microsphere dosage forms have been launched to the market for diabetes, mental disease and endometriosis. However, only a few
microsphere products due to their complicated manufacture processes and difficulties in quality control. As more and more orally non-ab-
sorbable biologic medicines are coming to commercialization, microspheres will become more favorable in terms of improving patient
compliance. In article the typical microspheres are reviewed with the purpose of helping scientists and students in pharmaceutical sci-
ences to improve the art of microsphere formulation with the analysis and critiques we offered.

Key words: Microsphere; Industry; Membrane emulsification

Chinese Library Classification(CLC): R94 Document code: A

Atticle ID: 1673-6273(2017)19-3772-04

YN

]

i}

BEE BUAREE257 Tl HOBT A S R B BOR B Y 22 ik
RGN @RS O ETT A 3218 H L a0 2002 47, 856 [ &
i 24 i B L) FDA Stbvfisdl i 13 A 253kt 12 A0,
JE A 1993 AR IR Z I —4F . g 2i ML, R 2K
R HA G R R PR PR BRIV NAER
JP BN R TEHIATERE , Dy A R T , LR s i
S TR L AR5, B R AR BR A 1 2% 25 gl AR IS

GEREIORAE AT AR AR T30 R, oy 25 W i sl BT
1o 3T B SRR A TROR S0 ) 25 )RR TR 33k Ao 1 B
DA 35 R AR5 20, 48 i 8 IR R 5 R 70 4 e 2

AT LA B 2 W e T AR 25 W e RIAE I, H AT 2 0
TERE HZIRAEZY) . W U 3 T AEHE 25 FDA Stk ]
B RAT 2 & T A W R v 1) R LR 2 T IR L R ) (Poly
lactic-co-glycolic acid, PLGA)®, ¥ & #%/F 254 i AR A= 4 32
ZRA L BT 2R AR SR I L T 2R SRRk 2 vk R
AL SRR ARG, AT LA & FRE W iE Hil &, 4
LA ZE RN AR A3 B S Rk AR DS 25 B IR 1
L JFHMTIT A T —SE A IR ) AN R e P B
MAER (Lupron® Risperdal CONSTA)™M A= K 2% {3 Bk (Nutropin
Depot™, Genetech)!2F1 3 229 ik i Bk (BydureonTM, Lilly)U3145:
A UL YT SR e AR AR A I R 3 IR A ik
ERMZAZEW, EE] 2009 4 N B A BERRsa N E R E R

* AT R A ARHEREA T H (81373366 ) ; T A AASE 435 H (15ZR1432500);
A AR B T A X H (YG2013MS52, YG2013MS62, YG2014QN06 )
VEZ A AW (1990-) , B 0T84, EBEAFSE )7 [h] - 2557)%% , E-mail: xiaoxin_summer@]163.com
A TEIAER AR E(1974-) B A R0, BIBFFE 0L, FEZERISE I 0] : KA F- 2455712 , E-mail: yuanweien@126.com, HL i : +86(21)3420-5072

(ks B 191:2016-12-09 4257 F 4. 2016-12-24)



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol17 NO.19 JUL.2017 - 3773 -
BRAGRME LT . T E N HERM A o, k= S AR = 1.2.2 {RIRE L ZEB A (cryogenic atomization)  HLFR i3 RIS

FEAY S AR B 5 AR 1 | GRle™ it ) o 4 L 2 WO AR
PEAESEARE H TR B BE 22 27 JHER 2 A T 0 (E 0 ek
7, IXLE R AR BN, (BB 2 ek ] s R
o ATIR IR A R, AR 2 D5 T AN T R IR s UL LA L
AR A 7 o AR SO 289 e AT P M AR 7 B T I 3K
FERIER A )25 D7 VAT T PP BT LR, , LI 5835 64
BRI T A BT B

| # Rk &

L1 SR ZL LR BLE
1.1.1 BF#E %K % (solvent evaporation method) WK NFLIK -
A AR ZE R IR TRk A R S0 = e B F I
BRI o B R AR 5 43 A 0 AT R A e 20 A3 HICLE V7
TSI, RS2 ANTR], AL O/W
W/O S/O/W 5 s TR R, Pl & BR 207X
K2 53T AT RO BERRSE N B ARGER (Lupron® Risperdal
CONSTA)HE 2 i 17 A58, LitoAE G 5 s v i R v
B 75 8 R AL ZETE PLGA fusk, 24 /NF NI SS By 4.12 %,
FLEFAIREF] 57.19 % Xiaol S5 N\ i B A 50 44 e 145 5]
THAE - G5 PLGA/PLLA {3k, ZZ R a] 19 K, =R
M 3.49 %,

SRR AN B A IR R T 8 2 — X g =
B 28 (80K Oy 2 17 B 2 AR, 38 3k 7 KRS 68 Y 95 0
FITTLAEARAL 7, 48 25 i e dsh e, ORAP 2 I S5 A S50
B THRAEEREAXT TR, MU ) 32 BN 2 FhM AR 25 m, 4n
B Z AT 3R B FLARI M B A B DL FraiT
e BPRARAN I — LA IR I 808 1 TR SR, 5 MR
TN TC I 55 L2 S HORME S M R B . BAR A i
il 25 B BS IR 2 U B AR OR O 287 ik, (B T 20 SR S8 8 ok
sk SR LA SRS i AR e S ) IR SR B i AR, 3k S R
TETUAT T 24 25 AR R R ER 0 77l Ak A 7 5 T A 5
1.2 JEEG LR B E
1.2.1 BEEF 1L (spray drying) W% RIS 5 01
WORVRIZG i e 0 v 38 0 25 f e (I )44 TSR 73 HIUR
Z5 i, WERLAE IR S Rk 120-300 °C YR Y, T RHE UL
TR BRI ] AV T8 o 58 55 TR TRTAE 2 A T AR B o PR
TPk (Parlodel® , Sandoz) 52 Hi 75 EE 15, F\E e
R RS T h &5 e 0 / SENg /8- PRRIRS floskcR H
LHIEsgi it , b T2 M3 ek i Ak 52 (5.08%
0.18) %FN(9.53% 0.69) %, HKxi [PV A i 55 T4 5 H %
20 (B B i 0 PR 2R, A I LA i IXUIRLEE 160 °C e}
J& 10 mL-min" 24L& S7 0.5 MPa ., ) XUE & 85~95 C &4 F
W55 T4, T ORBEIA B2 12 h iIe 320K

M5 THRI 45 S8 TR R, T IR 4%, 3B S0
PR ARV BRI AT LU I R], RS A HE Tl AR,
FHo AHEE E AT B0, W R AR E TR, AF] Tk
A BT AR B E A R PR A, i T
TR o T38RI R BRI I ot ()2 BT 00 J
- W 2 R ARG 2R

% 1 (spray freeze drying), 1% 75 12: 4% 25 Fll i o3 5 4 RL 3 [H]
SRR R L, SR 1 38 3 58 SKoRE SRR 73 ISR R , W AT IR
WA, A5 g A5 2 [E sk , B ALDTTE T SR ry ok
T TR BRIk h B A ILE SRR T S B H 2 S
AT LAE i o S A B oK O T LA TS B R T T AR
FRRERE A5 T W55 TR Ay 3R, (FUAH S b Ao (PR S B 4L
TR o 2 Bl e T VR R s K SR B B RSy
TR, TRl EE K70 5 P B 80E 2 2 T K it B Y
12 . LopacI55 AJE it 12 7 vA i 45 T U0 2 AW PE s 4
FHER, ARCGARI T B A5 F 4540, 325 TRt . Burke®
S5 NH AL X PG 120 FIIE 25 T 1 vk 1 45 19 Darbepoetin Alfa i
BR, K2R B TE/ Nk, TS TR 7 FRIIZERE

T RS TR B 588, inAHT IR SE R
AT AR, AR ol S - AR S50 R4 ¥ 25 W A AR R Y
R ER, B2 LT e K Z#MBR (Nutropin Depot® |
Genetech ) fi J2& >R U Al TE K (1 il 28 20 AH 207 ik AR
T W N TG Y & S R B NS N N AL S PER
2 Bk R i
2.1 #8%B§i%(phase separation)

ORI A R TR 25 ) 5 o A RHR W, JE i
A - FhP s R, SR e R T B
3 B VA e BE AR L TE VR R T 7 A — AN AR CBE SR ) B8 2R A
BRo BIR AT AN > OISR B AR - AR BB AN
SRR . 1986 4F BT RIS B bR ZEROR GATEM® 218
b Tk AR A R B M 2 2% 1 R/ RN T IR A
R A s AR NS, M o GOP45 A N7 FH #1F5 F A A B HE AR
il % T PLGA \PCL FIBJK AR , KLAZAE 80-200 FOK Z [H]

POTETRIESAT , B LU 5 ok . (HBR AR 24
TR, Al /N AR AT LA R ELR A 45 R 22 55, AR T4tk ) 8
IR 5 [ AL A7 AR 73 785 3k 2 v O ] ek =2 ) E R RY 32 SR AR 3t
G0 WSRRIHARTHNIL BERIESE , WnTA BOR8 BRoFT5 | AR7571
AL AR AR R — AT (4 TR, ok E A RE A5 AR 3 B R 11
K.

2.2 B FLIRFEKAYEFL (self-healing of porous microsphere)

REBUMBRTE ORI 5 M 25 W) rp o i 2 I AR AR
F9 25 A8, A LI 70 5 |2 MELL R 2% 5 75 S 1 A 43 B 5L
R A TR YRR e M 50 th T4 T 200
NGERE , e iyt EEHEA T I i A BE R AT TR T VR 21 JORY
2y, ZALIWOK S 2l TR/, RS TR, 22 TP e =X
R EF SR 2R e SR 5 B U 2 R K fie
JERTINDR, AR BIHKSZBERIRCR . A Z Ao EFHE
Sl a8 i 2s A ORALIR Y 259 2 I L AR e - i A
PR i SR ALIROC ] o A 50T B B2 7 =X, 1% e 2
2T T LURE AR 22 X 25 AR IR 2R o Hofe il LA AL
AR 5 23 USSR PR AR AR 2 W), AT B R 8 Tl 1 7
71, Reinhold™/45 N I i R AR AR 251, 558 T A
B ZALAEK P I B2 AR, S B T A I AR AR E TR AR
SE R BRI T 1 o NalO%5 A i L 2T AP IR S sl 5 N0 il



- 3774 -

DREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.19 JUL.2017

TR B 7S K HER A FLIR A, AR 8 T AN AR

20T B RIRRE (R R FE 49T, T B e i) (] i,
TR 22, anP) 52 mT S i dtFLEOR LA S ASEAR A AR 25 1 2211,
WOk BE 745, BT LAZE R R RER 7 AR & J bt R AT S A
2.3 i sE & (microfluidic device)

oK Bl A AR 2 B ZLI R S [ AL, PRI L
THIRAR A AIE S AR AR e T R R M, 8
FHRHUAR PR AR BN R LR S A AR 58, R I AZ R iR
A2 S 3 T MOK 8. (5-500 pum) B T0E 38 , £97) 25 3 /N AL A
WRAARTE ST K BT IR i34 5 HLAHCHE RS 3R B 2L
P FhFR T 2 E AL AER . Choil % At i a2\ 21
BIIR 2 ZEtcek , B RAS BRA% 4347 T I (45-95 um),, Carroll
AR NAE 7SI R sl b Sl AR A il TR Y
— P REREK

H TS B T LA 3 [ 2 T LAR) RO AR el A i
PRI ZE SR AR AR — 5 TH KA S0, Aok T 32 561, B
P e J o H B AR SR 5 BT G 3 Y fRl 1 2
B LI R H A A A T ROR AN S DR RIS IE
JUAr] RS T N AT ] AR EL X LA 6 5 (R AT, A rh ] LA 1Y
HILAMEFMERRA R B 5t . A B AR BRI B AR i
BV T RER TR e
2.4 BRF| 4% (membrane emulsification)

RSN T A R — M ZLI , 1 40 iOhE 8 R A 3 —
PIREALET A TE SRR R , L Bk i T2, 3
TE {5 B9 Te AL 22 7L B L SPG JiX (Shirasu porous glass mem-
brane), FT LATEIE A SR 200 T 44 @ 40 T i 5 o BEAL , AR 4
JEAA R AN RIS 20 ALK SR A M FLIR, TRl iR 28 R 557
HAFR I —FLI o B MBI AR PO LA B Bl
ATE R PR 4 TR FLIR S Ok, =R iR ok £ 4
BRI ) 0.005.0.133 F1 0.145, 7] LU BIBFLAL 45 i 1%
BRI — PRI s T AP AN k. IS A G R PR
PR S5 AL, E—2D A5 3 T ORRLAR 1 — 1 4 (Span<O).
7), 259 AR A 80 YL L, SRR 24 h AR T 20 %, 2tk
FELLESE BRI A 35 30 d A IR BRI 3T I KRB BBk ]
MRLEIAEE AR PR L A B AR 285 52 FLVA 300 4 ikl e A
P — i1 KB B -6(GHRP-6) 1Y PLGA TR % 5
ik 85 %, KA keik 40 d,

JEFL AR LA 2 1 7 2045 31 108 TR 9 38—k, e 8 1
B REAR T AR A, A RO Tl A 7 i R o SR T AR
LML A T AT A MERE , 55 245 B A sk i A AR TR L
B ZARRICR Iy AR 3, B 22 R PG 3 ad %, # AR AR vh
VOB SRS R R G2 S8 IIE e 5 Ak — b (e
AR , B2 m i AR50, EFL A B T 1 L

3 BiE

RGBS i 9 1 7 T AT A 1 2 B0 ) 25 1], 7 it
A TR Ak AR B Z ANR BV 2 B R A AR B
FHIE 3 o AR LATE MR RS SE B 2 A 7 AN LU s 1) A ™
RCRAGENH— B R™ el 22078 N RS ARTS R
I S B R 152 SUB A , — 117 5y w5 0403 ek A

PN e AR R TE IR R BT LR, 2 B A T3
FA 25 T ANEE 2 Sl ok — B A, HAT RIS S
5 % 3 #K( References)
[1] Mullard A. 2012 FDA drug approvals[J]. Nat Rev Drug Discov, 2013,
12(2): 87-90

(2] Mok, R3E 3, AL R E SRR G £ Bk MAE R 4] R
[7]. B 2528 2238 4R, 2013(12): 1634-1639
Tan Huan-bo, Zou Pei-jian, Qin Gang. Strategies to prolong the
half-life of therapeutic peptides and proteins [J]. Chinese Pharmaco-
logical Bulletin, 2013(12): 1634-1639

(3] BUAAR. &G 5 IREH AR BB A FAR [T]. ABR, 2015(1):
48-49
Gu Dong-biao. Protein and peptide drugs and their microsphere [J].
Technology Wind, 2015(1): 48-49

[4] #3258, FMe, §RZ. EH A EEMIRG B WIPLRILKRI] &
23R4, 2014, 31(1): 27-28
Mei Xing-guo, Huang Si-huan, Bai Cheng-zhi. Worldwide Develop-
ment Status of Injectable Microspheres for Sustained Release[J]. Chi-
nese Journal of Drug Evaluation, 2014, 31(1): 27-28

[S] Makadia HK, Siegel SJ. Poly lactic-co-glycolic acid (PLGA) as
biodegradable controlled drug delivery carrier [J]. Polymers, 2011, 3
(3): 1377-1397

[6] Wu SC, Chang JK, Wang CK, et al. Enhancement of chondrogenesis
of human adipose derived stem cells in ahyaluronan-enriched mi-
croenvironment[J]. Biomaterials, 2010, 31(4): 631-640

[7] Pan Yi-ming, Huang Yue-shan. Preparation and in vitroevaluation of
poly (lactide)/tocopheryl polyethylene glycol succinate-Curcumin
nanoparticles [J]. ChineseJournal of Tissue Engineering Research,
2012, 16(3): 421-425

[8] Roney C, Kulkarmi P, Arora V, et al. Targeted nanoparticles for drug
delivery through the blood-brain barrier for Alzheimer's disease [J].J
Control Release, 2005, 108(2): 193-214

9] F#A, 23k, TR FFTRENE T BTk Z 50
#H[J]. P B4 4 E, 2011, 36(8): 613-616
Yu Pan-li, Wang Hong-guang, Wang Chao. Preparation of masked
enteric microcapsule of roxithromycin by spray drying [J]. Chinese
Journal of Antibiotics, 2011, 36(8): 613-616

[10] @ &4, T—. % RMERH R BFULA T [J]. REH %, 2014,
(3): 57-60
Bai Hai-jiao, Ding Yi. Research on the release of peptides micro-
sphere[J]. Tianjin Pharmacy, 2014, (3): 57-60

[11] Rawat A, Stippler E, Shah V P, et al. Validation of USP apparatus 4
method for microsphere in vitro release testing using Risperdal ®
Consta®
198-205

[12] Cook D M, Biller BM K, Vance M L, et al. The pharmacokinetic and

[J]. International journal of pharmaceutics, 2011, 420(2):

pharmacodynamic characteristics of a long-acting growth hormone
(GH) preparation (nutropin depot) in GH-deficient adults [J]. The
Journal of Clinical Endocrinology & Metabolism, 2002, 87 (10):
4508-4514

[13] DeYoung MB, MacConell L, Sarin V, et al. Encapsulation of exe-
natide in poly- (D, L-lactide-co-glycolide) microspheres produced an

investigational long-acting once-weekly formulation for type 2 dia-



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol17 NO.19 JUL.2017

- 3775 -

betes [J]. Diabetes technology & therapeutics, 2011, 13 (11):
1145-1154

[14] Ren T, Yuan W, Zhao H, Jin T. Sustained-release polylactide- co-gly-
colide microspheres loaded with pre-formulated protein polysaccha-
ride nanoparticles[J]. Micro & Nano Lett, 2011, 6(2): 70-74

[15] Zhao H, Wu F, Cai Y, Chen Y, Wei L, Liu Z, Yuan W. Local antitu-
mor effects of intratumoral delivery of rlL-2 loaded sustained-release
dextran/PLGA-PLA core/shell microspheres [J]. Int J Pharm, 2013,
450 (1-2): 235-240

[16] Yang X, Zheng R, Cai Y, et al. Control released levodopa methyl es-
ter/benserazide-loaded nanoparticles ameliorated levodopa-induced
dyskinesia in dyskinetic rats [J]. Int J Nanomedicine, 2012, 7:
2077-2086

[17] Cai Y, Xu M, Yuan M, Liu Z, Yuan W. Development on human
growth hormone preparations: sustained-release, prolonging half-life,
novel injection devices and alternative delivery routes [J]. Int J
Nanomedicine, 2014, 9: 3527-3538

[18] Okada H. One-and three-month release injectable microspheres of the
LH-RH superagonist leuprorelin acetate [J]. Advanced drug delivery
reviews, 1997, 28 (1): 43-70

[19] Li X, Chang S, Du G, et al. Encapsulation of azithromycin into poly-
meric microspheres by reduced pressure-solvent evaporation method
[J]. International journal of pharmaceutics, 2012, 433(1): 79-88

[20] Xiao C, Shen X, Ling T. Modified emulsion solvent evaporation
method for fabricating core-shell microspheres [J]. International jour-
nal of pharmaceutics, 2013, 452 (1): 227-232

[21] Tanja P I, Lidija P T, Anita G, et al. From optimization of symbiotic
microparticles prepared by spray-drying to development of new func-
tional carrot juice[J]. Chem Ind Chem Eng Q, 2014, 20 (4): 549-564

[22] Sansone F, Mencherini T, Picerno P, et al. Microencapsulation by
spray drying of Lannea microcarpa extract: technological characteris-
tics and antioxidant activity [J]. J Pharm pharmacol, 2014, 2 (4):
100-109

[23] Burke PA, Klumb LA, Herberger JD, et al. Poly (lactide-co-glycol-

ide) microsphere formulations of darbepoetin alfa: spray drying is an

alternative to encapsulation by spray-freeze drying[J]. Pharmaceutical

research, 2004, 21(3): 500-506

IR, B, B AW, L R RAE /IR /B- SR ke T

LARACHE EK[T]. 7 B AT 2 &, 2014, 8(34): 176-179

Sun Yu-qing, Feng Zhan-qin, Li Zhi-ren, et al. Study on process opti-

[24

[y

mization of the chitosan/phosphatidylcholine/B-cyclodextrin micro-
spheres [J]. Chinese Journal of Biochemical Pharmaceutics, 2014, 8
(34):176-179

[25] RAK, B, 4, & Tk & G455 25 W 55 I 4 fak v
WA B RS SR8 KA IR), 2014, 44(1): 57-61
Song Yi-Min, Fan Ming-Hao, Yang Qing, et al. Preparation of Colon
Adhesive and Sustainably Releasing Microsphere of Recombinant

Salmon Calcitonin[J]. Periodical of Ocean University of China, 2014,

44(1): 57-61

[26] Lopac SK, Torres MP, Wilson-Welder JH, et al. Effect of polymer
chemistry and fabrication method on protein release and stability
from polyanhydride microspheres[J]. Journal of Biomedical Materials
Research Part B: Applied Biomaterials, 2009, 91(2): 938-947

[27] Wischke C, Schwendeman S P. Principles of encapsulating hy-
drophobic drugs in PLA/PLGA microparticles [J]. Int J Pharm, 2008,
364(2): 298-327

[28] Go DP, Harvie DJ, Tirtaatmadja N, et al. A simple, scalable process
for the production of porous polymer microspheres by ink-jetting
combined with thermally induced phase separation[J]. Particle & Par-
ticle Systems Characterization, 2014, 31(6): 685-698

[29] Reinhold SE, Schwendeman SP. Effect of Polymer Porosity on Aque-
ous Self-Healing Encapsulation of Proteins in PLGA Microspheres[J].
Macromolecular bioscience, 2013, 13(12): 1700-1710

[30] Na XM, GaoF, Zhang LY, et al. Biodegradable microcapsules pre-
pared by self-healing of porous microspheres [J]. ACS Macro Letters,
2012, 1(6): 697-700

[31] Choi CH, Jung JH, Hwang TS, et al. In situ microfluidic synthesis of
monodisperse PEG microspheres[J]. Macromolecular Research, 2009,
17(3): 163-167

[32] Carroll NJ, Rathod SB, Derbins E, et al. Droplet-based microfluidics
for emulsion and solvent evaporation synthesis of monodisperse
mesoporous silica microspheres[J]. Langmuir, 2008, 24(3): 658-661

[33] sk, T AR, Ao, . AR BUAIEE E B &R AT R BER[T].
F A2 A2 B4R, 2009, 9(5): 1028-1034
Zhang Yan, Lei Jian-du, Lin Hai, et al. Progress in Preparation of Mi-
crospheres Using Microfluidic Devices [J]. The Chinese Journal of
Process Engineering, 2009, 9(5): 1028-1034

[34] FMedh, T3, DR, F REBIULEH & BOE A B R AR £

R [J]. A2 T2 53R, 2010, 10(3): 568-575

Zeng Ye-jing, Wang Lian-yan, Ma Guang-hui, et al. Preparation of

Microspheres of Paclitaxel-loaded PLA, PLGA and PELA by Premix

Membrane Emulsification [J]. The Chinese Journal of Process Engi-

neering, 2010, 10(3): 568-575

WA, EmWAK, R, F. ek IR B &I IR R AT KA AR

BIR[T). i A2 TAZFIR, 2014, 14(6): 995-999

135

=

Yang Liu-qing, Wang Li-qiu, Wu Jie, et al. Preparation of Thymal-
fasin Loaded PLGA Microspheres by Premix Membrane Emulsifica-
tion as Long-term Effective Formulation [J]. The Chinese Journal of
Process Engineering, 2014, 14(6): 995-999

[36] AT, Fuk, Z 3. Pk BESLAL B & R A RS FBHRIK -6 6
PLGA f#3[J]. it 42 TA2 53R, 2013, 13(3): 459-465
He Fan, Qi Feng, Wu Jie. Preparation of Growth Hormone-releasing
Peptide-6 Loaded PLGA Microspheres by Premix Membrane Emulsi-
fication[J]. The Chinese Journal of Process Engineering, 2013, 13(3):
459-465



