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Abstract:

the combination of active pharmaceutical ingredients with small solid components or other low molecular weight

Co-amorphous drug is a binary single-phase amorphous drug delivery system that is characterized by

excipients. As an novel drug delivery system, co-amorphous drug has potential in the improvement of solubility and
oral bioavailability of poorly water-soluble drugs, and provides new strategies and methods for the development
of generic drugs and fixed-dose combination products. In recent years, co-amorphous drugs have attracted
considerable attention in academia and pharmaceutical industry field. This paper reviews the screening of carrier
materials, preparing methods, mechanism of physical stability, dissolution in vitro and absorption in vivo of the co-
amorphous drugs, and the prospects for the future development of the co-amorphous drug are also discussed.

Keywords: co-amorphous drug; solid dispersion; poorly soluble drugs; molecular interactions; increased

dissolution

UTAFER B 2H A 1l o M Al T kR
TEHT G A T2 N, BOAE 22 B) 24 T I
VAR . I R R AR ) R 2 A TR
R, AR XA 24 O R R T AR A A ]
EAREEY W E T 2 M PV = 2 he LI b
1o BE X 1 24 ) i) B TIG S B 2 B P S R A
1A= R T BE AT 80T e 2 A T 2 Y

Yy, JOEIL Y RABRIFR M A MEE, 7EH N
e, W R A BEAER S, L, B
el FR A A L R R BRI, T ICRE R 25
AT IR R RS, TR A AT A A AR
RS KT, T RE S EOR L TERE AR N
IR, X P NS E P E R T
TELGH S BRI,

YEE R EREE, RIS W55 EWZSRIF; Tel: (0931)8849107; E-mail: mmwxx1105@163.com



2019 5 33 5

545

HT, $2m o e 1 20 W)W BRAR E PE R J7 ik 32
TR IO E I 2 B E R S WS fLEEA
il AR HUA S FLRER 25 R GE . SR, A
I3 HUAIA S FLAE 25 25 ZR GERA ) A 5 ZM AR YK
EPER G LEERDRL, 2B AR, #8112
I, TR AR 7= RIHER S sl SRR ] T
A BRI LR 25 R G DAL R ] J4E
e, TEILZYNE R — R 25 Y ERIEAS
RERSHR = JOE I 25 I W A e 1k, 10 s
PELGI VR R BRIV R, ATl T2 M 5
BARRAPE, AN T R BR O IE A 2
AN, FRRDEA PR 2538 R 25 9 28 BUE
ARG R GE, MR 25 T5 25T &
FIPREEA B2 L, K, JoE B e AR
il 25 Tolk sz 332 e,

AR SO LT E T 25 W) i AR B RE L A
T2 WIEIRRE L] L ARSI I RE AR A IR
Ol PLRASK KRR SFHET T 458
1

FEA4 AR (Solid Dispersions, SD) JEf5Z5%)
(D% RN eS| R G N =R e i g € d A i 2 N
AR A ZE RS, [ 196 AR A B AR E Ik
FHTH2 VA 245 i L 30 11 JIR A= R P
LR, IEZWFIE N BRI R IEAT 17T 2 AR
WE5E, KR TREIRIC, #E—IEPRXER 25 Y)
TSGR T [T A 53 S A A L A AR
(1 Fe ELI TV 1 ik 22— e RRZG W e A

P RRREY

I A

[ A 73 Ak

— DA

—»  BOERER

zhgysh

MBI BRI S HUART LA A it
RGBT . BOSHRMBIR AR,
DL e B BRI, AR S A 1T LA
Gy KRG FEUASTER (RGP A S HUA R/ L
REREWASIHUAR ) FI/N G REAR SRR . 5 A5
PR 25 LA 7 BTG EAFAE, H AR R HoAt
VAN BTR3N8 REZTASE N s oy G i N
IRE S TEE L 25T, Hi, IEE R 2
J& TS BARRF TR — Ao 3 A T A
TR/ Ny A BUARF S, (HIFEA T L 8
MEAL, AR, BE 15 G0 R 50 A S B
MR RRER , TR ZgT H 2 A B E
20094F, Chieng®5 SR FHBR IS 1 il 515 21 T n5| w35
F-HREEE T REIIREY, a7 ek
YIr) Yy BERGsE R, B8 T 2RI R AN 1 ik A=
AR, JF HARRRER Je & T Al LA ns| Mk 32 = 1Y
HImERWER . Wi, A T# 22X TREY
B A HUA, VB S T IHICEIE ) (Co-
amorphous ) X —#EE . A CILTCE L 25911
W SCH AR 2, IR 12550 F R I 5 ¢ A B
2N g, EWANET TR IR T
i X, ARILERGACICIRTTR, S ICEIL 259
(R SCRBEAE A T 1 2400 10 P HA 25 ) SRR 25 /)
PR Sy, Gl s B AR s E ]
ECERIRMYIIR G S, B oAl TCE B 1
ROy BURG 2 R 5

RV IEI

MBI R
W ERED

AR E R
I FURERIS R

IS P &) b b



546

2019 5 33 5

2

MR ST I 2 WY C AR 4L o YR TR] T L
Hor mwi: —Xn-243toet .
HAT B[R] 28 BRAE P ula 6 25 i PR 25 ) 25 &
il # AL IO I 258, 1 i o T AR E P Y
[ImF, fem ey i, B nsafE . o
—RNAGY) N TARFRILCER . W T

A RILTCE I 24 Wy e 1A 19 e 45 v JC S (R R, G
AR T AR A 25 W 04 1l 2 S5 A A ERAL T o
(PR MZ AR . MRmrE | i BT, 7 &
WAF ), S Z HA R SAH AR 259 5
G NRE, 8 AR T AT A R AR AR AR B .
i 8 1 AR AT 2 AR R R T BT, 2R
T B C AT e 5 7 v A 5 AR S R

4 TR M2 M B 2 2 % Flory—Hugesins /7 BAE I SHGED ™, LU H5IHL
NG T A HURIRE | BRI . MR  BERLRI
%, DRI LN TR H,
1
N TARURIRSE HHME e AR
FrIR RERV FLbE Y
AR B HEam: LIERIES
TR HAMR ki S
kMR AR o357 L
AR 228
MR RV

3

TEEARERITCE L Wi Hl & T2, R
AL AR, XL T 2R Loy )27 05 kMg
Tizediik (WLE2) o H i =e 07 ik 202 24
YRl a e, BRSSO, SR YR T
APLEGR R, PR 2 BRI 15 B 3L o e T 28
Yy, QEHERE AR AL . IR L R R TR A
WS THRIE S . B oA R A R i e A o
iy BRI U E A BTRIR 25 Wi iR s, (il
HFANTOEILE, AAREREE . UHED: . R
BYHEE MR BE A SR . P ss T HRA e
Fritk ol T HOICE 2 S A i B, A
B ITCEIL 25 TAARLE = o ARATXHR T 122
ISR INEE — T TR A, IR 1
F TR PGS
3.1

R T R 3 ST TR A R i A R 2 2 R

V@O i iR CEUTICA LA

BRI IFT, mAEE RS, ' TR
RS, TGRS E Y., 2P0 25
TERE PR A, B2 501k S FHES], A
T 300 ) 25 900 ot A B4 A R AR B AR o 1 TR T
i, TTRFAPLER, EHTXIEE . G50
2%, Lobmann %"V F & Bl A4 T 45 T R TR
JEEIR Lyl S 3 - 2R A e o e B 254, RS
T2 [ AR AR R L TC R T AR R 25
2GS e . AR A SR, AT A~
2y, eIy Eifa et o e . SR
IR LU 5| W 56 o — 2838 AR SO0 8 TR 259 s fe AR Y
YR e e, JF BAERS (R B rh B8 LA [R] 2 22 7]
PRI . 8 B 4021 1G5 Gordon—Taylor /7
FEBUZE IR o, W SE - R A i i oAb 2= 2
1 1 AR IR B AT ) SR E TR WL T S B 3R Ak, A
MEAE T 25900 F B E 45 b M R TN o

zhgysh



2019 5 33 5

547

. 0\3\

l\ ."’ .c.'

B
FREEE

e 2]
o [

L

STIHI TR,
DLLL CLL

3.2

2% R KA A R T A IS A LT R
J&, IR AT R S T, DR T
MU RIS R EIE 250, B, & A NI
IR, OB i, NI, S8R, %07
Pl TR Y I TC e e R S B = o5, B
SEAE T Tl Ak A =, Hls S 28T e e 4
AR AR T S PE RN AT PR 22, AR T e R FUE 7S
B . Qian e VR FHVAFIIE & 10 46 T SRR &GP v
T -WERE I e 258, e Ay B ER S T
AR R For VU TR ) 5 A O HL A e e A B G
HTELZIWIAE25° CI60%10JE 54 R IV AF60 K5
SRR TCR LR, e I M- Fr PG R 7 A ]
(A T2 R BL T 25 o Dengale 265 VF ]
VSRR il a8 T AL A AR IR 6 L e T 24
Yy, TR RIFCIR T TR i B R4 2l
Wit sfE, Hodl 22 ¢ VBRI TCE TR 2
40 CTEFM N R FF IR E R0 K
3.3

L DR BT EREE AL, A
i BT YIS N E R S A T RS
FFMEIRFE i 1) SRR LR, (A I T A .
RS R, b o EEERBT ) SR UARAE ™
ARKEMARE, (R T S, TTRES S
RPN, (e oE 2y ESS . I,
DS R B PR B R i, A TR A S, sl
FERE b oI A/ B 700 2647 A0 185 0 mT LRt I

zhgysh

- i . ]
- R
p— S L
& LIS =
\ﬁ AR T
i

ET WA . Alleso™5 1R T IR BR B v 40
BIEIA T 020 1 LRI ¢ 1EESR FE A28 4 - P bk
BT ITETE 58, H 1R LIRS R
EMERAE, 7540 © CTRAM FIRIFREKIN186
K, RV 80 R 250 A RGO TR
Vs i R A AR RI2A o Jensen S5 R FIER S 745 50
FIMASS B PR G R, Hl8 12538 A Fng e
L TEIR A, WA R R, TEpE
ZYRENS M LR B, NI E e e 8L,
T2 T T A B A R
3.4

AEONS T4 0 ) 52 95 2 RUASE s 00 4 A,
TR R T & e G 1.2, B
HIE A — R YA R 55 ik fil s o e
T2 WSS R £ TC e T 25 S AR 1oL
T e 2 RS TRk sR AR,
B O UMM RS (e A TR, SRR
FEA SV R G A, AR BT 5 IOk
A RCER, TARER, P2 Re Rk, Jo
b — i, T AR A A s
P JensenZE N FE 25 05k il 4 1 W SE o -
KRR . WIS -2 2R . 15| 55 o 6t 2 ik
TeER 25, BHoE R I =MAt o e I 2597E40° C
TR TR E KR 10 H RLE, AT T
Feop AR . MW SE - A R LT E T 25,
M| W 36 < R IR L TC R T 259 10 25 03 1 2501
VEMRRE g W e - 2 R L W W S S — i 2 R

IS P &) b b



548

2019 5 33 5

SETCE IR 25y h T e v o A | e S o K AR T
Zhgh, HOR A BEUGE . Jaya S5 HE— SRS
IS o Hi DU L S Seras TR AT A VS
AR . IS R R G E B 25 1 B
PR, T 5045 S 3 B AN 7 R 2 T i 3
IK-CBHEEY, WIS =B REAE ik = Fhad 2R
AR RIILTCRETE , SRR 14 e LE AR 3
TCRETE A HA B
3.5

AR R ey [N S WSS 2L /L Wk e IS
%, INERRR RO R A LGN, T LESe A
77, W ReR R, (HESR GBI BA B A
FRETE. FUHT, PGSk il & 1 Ao Bl b
W5, IO SRR RS ™ i LT, TR BT
R AR RE T 251 (4 4 LSO 2 L AR
PG ML &0 A I EEA L R 25 |
AR LI R A3 LI R SR G55, A SR
FAEFHBLE, kb i AL B, AR IRAT
ik . W UIRBERE SR A 2] 00 7K TR G R
MBS T3 1 R o Arnfast 5O FT ARG B 4 2 i
T mIRSE -V T ICE IR 251, HTEA R KR
AL T A5 % 2R S8 A £ A T S 2 AT AR P
JE, S T ILE T A YAE A AR R A B
Lenz 5 IRIRE | FHIA 0 B RAE B L vk o 77 s 0
T -RAMILTIEIL 25 . MNTE kR i
TR, SRIRTEARIPE S AL 5255k
PATIRGET, 2SR AR AES IR G
B WP O L2 TRAR R R A K 53
WX T, LR MARGYRIZRMAT, HlE
TIWESEE AT ARICE L 25, AT PInAGE
R SR AR 022 4 i 1 L0 I 25 W AT L
3.6

FAT, S0 259l s BoRe ab T 5080 =
FERT BB, KRBT ST 2 e i e
T TR R TR BRI 1 25 S 2 MU A T o ok
IMEABESE . X LT kAR e . DUk, & T/
AL, (B —RIRE A —E G . [N
i, Hls I AN, F AR YA T E
BRI BAYE BT, WPk sl . PERErE . 2y
WITEI R h BV i L S SR B LA e % Bt
TCETE 23T TR NG, IEICETE 25 KRR T
WAL= Tk E A TS, X LTRSS T

V@ORTR Y i\ ARVACEUTICAL A

PRk PIETHINE RS R T E S ILAh, BEE
R IRIT B R, CA IR HE R FH3DFT EEE AR
il s e - A Em A IC e 259, A
PR R 16 R S AR
4
4.1

ILTC T A Z 2t Pk 22 N o -2 5 A
B —Fh AR TR TR AW . X T AR S ik
F, KRR TIS L  T5 BAE IO ARSI ] DA 42
Y, 29 rE R AR R R BT RO, AR
FFeE MR 2, WRZGYTE AR bR R it i
A, AT IR R BB s 34ae, 259057
Fo TEL M. HRESETH TR EIR
B P RARE S YR ZER PR E L5
B4 5] AR TC e T IR B0 5 — S Fabs & 1l LA
GBI B — P FE A AR (Tg) o AHRHL, A
HEEEER B S ST AT E TR IR G,
M= A AT

ALY, X T RA Y EB SR, WTETC
LRG0T A R R e TR
BRNZ —, HEFZHERG Y EIR P R%E
R EARA BR™Y, M2 R &Yt &
MBLZGR (5%) REW/AEAR B, RSP
¥, aniAE . [FRE, AR e e B 2y
YIER M oy Z IR RERE B, RO BV BN LS Y
BISRA WAL T T IR G ) 25l 1 AR 432 s
fitio Jensen 5 0ol 05| W 9 o — (0 S R K ZE K — 2 4
FRILTC I 25 I BOHLR A T TS5, 45K 0]
TERR S 12 v 25 W 0 XS G AR AT S DA 2R T T 2K
IR L8] T HRTIEI AW . 456 2k
MYZER, VR HEI S 36 5 - A R I T0 e I I IE

TCE I 2R IEKE R T O AR . 25 LR
i, AR B TCRETE 259 R 25 A AR R
Z AL HAT R B AR AR AT
4.2

A e 72 2 DT RE T AR VR S5 AR 2 21 A R
SR RIER . URBEARI T, PIBOE S
G it B s ) 1 B < Sl R e S R 28
TN, A I Ve RO A I 45 it P e JEE Jre it KT I8
s, Wik, T RSB EY FIEETE,
R —BERE TCE T W HCE AR T Tg 50°CRYTRLE

zhgysh



2019 5 33 5

549

IIAEH S SETEETE 25 0 B B e AR I e T 43
FHERS R, 0l AR Y B E A 0 B 22 45
Pro —MRUL, BORLFEASREME, /it
BRI, WPRR e B . R R BFE A SRR AL TE
TE TV 250 () B B A2 A B R T B — 4 3 B Ak
AR, XAEITCE AR R YRR e PR =
FEEJFHZ 1 Lobmann 2™ “VFI] FHTBR 8 75 i £
TR M| 5 &M R 1T E B 2
Y, WA FRA YR IR IE AT T 24
J&, AN TR 2, T AR R B
AR R W RN . TR TR AEA0C TSR T
PREFRR eI A, MR — W JCE Y 25 Y e Rl
A AT R BRI T 45 . 20N E i 45
IR R B g e S o I L R A B R e A T R I
I, TS P P 2 LR 32 58 1ok SR A o — o A
BRG] T2 E L, A KissiSE PN 30
A AR E T I FETCE TR 251 o F1 B it 5 B0
BT THRAIAESE, WP 45 SRR o 20 TR
X HE LAY A7 () T A2 T2 25 PR 2R I P BAG E PEEAT
R REX, i B i BRI AR — 0 i A R
HPIRERSE M o 25 TR, B A A I 2 Tt
IoE I Yt e T SR bR, RIR, 259
FHA LA Z 18] A AR ELAE IR A R Ay 2R AR e P
HAYCEPER 20
4.3

VF 2R R AT E AR R L — ) TC TP
5 BRRR e TR, R BR T AL AR IR
JERICESS, Toe IR -G 4535 R AR BLAE
JRRP L 7/BEiY S CEr o ol 1 AT PN A =< e o 112
MHEAE ARG EREN . B EEHE m — w4
YERSEY, T2 A NI B, M
MREAR T 5 FiE %, M T 259 itz md ik A
Koo Fung %R FHIE S5 45000 5 i 45 1 R IR — ]
JREMAE P PR T BRI | AR R R | B AR -
Tl SR e 585 R /R LU ) AR TE e TE 2454, 1 R A L e
FRLTAMEIE . A IS A [ 2SR R X 25 ) A
/N A LR Z B AR BAE AT T AT -
5T 285 S 3R 2 RUHAth 43— 1] A4 A B A FH B
FE T 2R PR R A R e v, B R
. WOATR . Frame h e FHlAH EAER, e e
Mg S EER hE, o rERER, NER
S0k /B 1Y Ures i ol O 1 W L WRE 25/ e 2

zhgysh

CA N kA RIULENEN L 7/BE b el d S W LN UE f o
ey N s )57 BERH Py 3888 s Mt A — 5 520
4.4

HAF— 4 AR I R e T e e 25 ik &= v,
A B ZRAE 7 A N BN 25 ) OB ) 2 [B) A7
SR, B - M EEH, YR
PR B 52 5 T B 25 ) A AR A RE T 1 K1 50 1R
BT M AS R PELATE . Knapik 25 ] F#& alise
VO A T ARPERR K DL -5 SRR A TE e I 259
NGB 12 EWT Y T W BEAS E HERL
SR R AN [A] BE ZK IE b i SR TT e T8 25 W i D
A2 70 T R I s S L L A5 B 1S I mn Bg n, HOAR
[F] T b 1) 2L T8 28 B 24 40 10 38 g A B A0 1 32 235 2R A
Gordon—Taylor J7 T TN 25 R —2, LT E B 259
125 C25%0 BE AR PR IR R AR E T2 R, 22
ARl R L B FARZDAN GRS N B S
FARBY Y Z MATFAEA AR, AR
S P At v 1Y) T2 i AL R s 3 T g 1 S 1 SR AE ]
Dengale%m]?ﬁﬁ%uJﬂ?ﬁ%ﬂ%ﬁﬁ?ﬁﬂ?u%T%UH‘:%KEE—
iR TCE I 25, HORFIRC ey 3 e e e 25
V0B B8 AL A AR TR B 45 S M1 Gordon—Taylor J 2 1 1
WS RW AT =S, R, AR s
S5 R FFEAR 3 A1 e Z [ A A AE S S B S
THAEH, XX S e, e ie )
TR S 134
4.5

i bRk, WRZEIMTEMA R, HY
FeE S THPLHI AT A2 IR JLRN A R ER G AR TRy 45
B Hr, RAFMEEE MBS SRA RITCE IR
Yite e BURTEE , 25K Z A] 0 A B AR TR
EICLIYRRE M AL, BRI AR I
JEE S SR AP I T 5 T 1A 2R W 3R M i) T B
Pro ANRIRZRZIEAIE 0, ShE4E R ToE B AR R
YRR EE
5

T EESEABENNGE, BT
seRZ5YI AR RE, R, T2 RS SR,
ToE LS BAT B WV i B A o KRB
FATRRIITCE IR R AT AL EA TR
aASHRTET, AT R A Y
FNECAR 2 (8] (AR EAE HIASCA] LA 1R S 24
Yy dh, i EL T OIS 25y n s, B

IS P &) b b



550

2019 5 33 5

DB 4E e 250 ) i A AR

Allese %I 5E T 28385 A Pk T L2 8
TS ik 8, SCU 2% R AR WA 3 T8 28 TP 1) 3 fie i %8
m TR YT E TRV RE T . o TR PY R
TR R AVY R T R AR, B C e e
PURKE T A fiia B s s A5, 8T TElE
AR s R 2500 . (B M7 s S
PURKE T T e e G, IR 254 ] LASE 3R] 25
BRI, RIS 2538 A RN PG KA T i i 23 0 Sl v
TAfEFAE, T HAEE R A R I E A
mlILS, VR AT 25 o Z [ B AH B
VEFIBHLAE T 2597 v i B v Y E 25 o Qian S5
TEER R & PIPU R - e o e By ik Rh R L T
FERUATIRIRZE IR, Toe T W6 v Bl A 77 i it 72
Hn] DOMERRA R 2 s 45 i, SEie b
SRS E R A B 255 . S
B, TR v R - WA L0 T 25 W e i i e
HREAS B B A M I R A I, T R
REAT LRSI AN P N R SRR Wit £ N
T ER TR EHr VU TR ARG 53— Z [ AR A A FL e
B SRR IS T R AR s S R A 2 )
Zhidte o3RI AR HITE 2P i e Rt v A 4%
THEBEERY,

B T AR A, I 24 oy S
WA 8, B Z A EAERDE
SRR, ST 25 IR R Y, 28 A -
VUK T TCE B T T R R, %
IR R AR EOCHR, SERRLD R [FIRERY R
L, ZE A g W S e e JE 25 W B 1 2640
LG, TR T 259 (0 [R5 BRI PR 24540 53 T
[) A AH AR 3 DIAE G .

LT0 58 T 24 W 04[] 20 R s 5 2 DL kg 2 5[]
BRI EAE S E0W, it AT LU gy 3
TG T 245 ) T AA 10 375 e 32 B0 0 i o 30 A e M v
PRI TSARHR . YRR 43 RS8R 53] A
AR, ZyEsvE R R ] LU BE K P25
VR . —LebIF 98 R B | W 36 2 - AR R AL TC e P
T4 2R B A R R B T S SR R P AR (R s g
Jensen%F 5 5l 1k 7R A0y oINS B R B AR
T I TR A R B, A i A A N
ZR A HAE I RRG R, SR TTE IR 250
HRENE. A, ARJr A SR AR s T

V@ORTR Y i\ ARVACEUTICAL A

TRR IR o A T 288 26/ 2R B 2R 2B
RR_ICIREY), —IUIE IR G YR s R
Hihm. B2, MR, ZH5MToE
TE25H) HReTE— B R EE R il i, Y
25 A PR 2H S5 (R AH BAE PN 2
Vs HR A T (A TR AN 2 P U S TLVE BT R

LTCTE I 251 1 s MV P 24 0 A= R B Y
J3 Al BEALT R RS T2 I AR, SE
Krgyymymlemsal, Hai, AXTHIEERS
P AERSTAD I W 8 S AR R AT R AR AR D
AT HE—ARE, Paluch 535 FIi%E T
PR FIERES A 45 72 1 LRIL - LIWIR YD BB HR
HIE 25, A RRY]2 - 1IN A
R ILTTE LT 1R, HIoEl
5IFERS A B R PR I R R AR, e
TEAR VS B R BE AT LAk $]58.8 mg » mL™", Jf-4E
FEUA/N PL L, TR T R4 S 2 Y R e /N T
0.1 mg * mL™"'. HeikinnenZFPHWF5E T AN ] (1) & LR
Ly E R ERE R S R B i (S AR
EREORME) B AIRARE DL, A TEE I 2
YsSIE 25 AaLE, Ira R3TeE B 245 (et
T-HAER . 22 TR-TETR . KA NR-T3 2R
R INA IR - 22 B TR - IR TR ) VA ik A5 f 2 1
hin, 25y A AR S HE R 18] 3 G, SR
L, Ojarinta%lmﬁﬁ%T NG| W e @ AR AL T e B
yPIEAR R A B RS R T L WESE4s
L) 0 AR B T A B PSS L
PR Z A AR o Petry S — 2005
T ALA 15| 36 v R 2 R L T E T 25 W) A ) AR,
SEVE . SYIRECRIAE MR IR0, BFTE4 RaR
WA AT R T AT S A e A i e P R L 45
mn, SCMHME] 29 e g R Y B S i, JF e
VA B A T AR A (AR PR AT
AT B AT HAE T I 25 AR RE 8 OR4-5 24 1 ) i e A
R, AEHE25Y 008 IR . Trasi*ﬂTaylor[ss]ﬁ:%
THFEIRTS . WEVCIR T AR AZ B AR WA Y
ARE R iz, BRI R 2R in A AR
T2 R I T 2R AR AR
6

RUEILTEE I 25 W) RE A8 W28 A ME IR PR 25 1)
RSN R RICR, H Iy R 3RS S0 2o i A
WAIRI R e . RTT, HATC THIeE B2

zhgysh



2019 5 33 5

551

iSRS 3 B W 2k 7 D)
RNBESEIRIE o, X TaRhghd, Ioeite
YRR g S, R, —miEiegy
Yyl TOE L 25 IR & W BoAT D 3 B kAT
Br, B, AWIARIHIE B b Al REA 2 253
SETRAL PRI SE IR  H Wang S50 AL T 51—
FRlHE N IO T 2 AT A - S et M e
ZEAZMIR R R D IRAE M 2253, BESE 4ok
I ILTC 2 T2 25 WA A R — S 7 At i 4 A= 0 R 2
LERRZEYIRI2.50% , s ML 2GR R A TG W 2.6
f¥% o Shayanfar®: 5] #f: 5 BUAH Gk e — B 6 A2 AL 7T 45
FLTCTE I 04 A R P R 2 5 it BT R AR A 7T 85 A 7
o Wi ERTA, UEMOF B SR i e 2y
PIME Xt BRAL, Rk, MERAIWEICE I AE k5 2y
Yok I PEREFTEZ 9 VE T . Moinuddin %™ 52 25
RN — 2B R WILTCE T 25 W RENS 720 KA 25
BEARAG B RIAEHT, AT e 25 A LE R TS - At
AT TR P& VRATT I ik ) o 1 S S M I — B g /R 3610
ey 2t Y RN EST IR S 2E ST R L S
SE T 2RIV A A W) E > S SAVE R P B 5 1)
> JCE T S e > 45 i S AR . ILCEIL e
B S R ME R A A P 1) SRR 2K P (g e
B K RERS I8 o o S SR R P LG
7

FETCE AL Tr AT LBt K e 25 1 ) 2 i
&, RSP IR, e — b A
JURERRREOAR . HRT, ICE YRI5 )
TR S E AR R R, AR IR SCRR A R AL A
HISZARRE, ER, MR —FP i F S8R,
VFZ 7 )y 2tk — L BT

B, JLIGEIL 2 PR E HLHIS AR A
W1, WREE . MRS AN AR SR XTI TE R T 25
Y BIRR E VRN EE A — PR . SRR T oK
YER G WA A, T 25 A R 2
WA, AEK M —Fh RAF YIS SE5], oo e
LGRS E PR AN AN, HAT, oo
TE25H R 2 B RS RE PR SR A TR A Tt
118, K0 FITCEICAR R R Z AT 2
RARIBIIE

Hok, Teil & 259 - AL T 2500, 4n
fuf & PGB FERCIRTI AR B = A e 48 50 AT,
FETCTE I WL A 14 S IR T REATL R (4 4k J7

zhgysh

e, TEBARBERINTIFY T, HEREAR,
R 2450 (A= 2l A R B 4 P O A= 3
I T — B BUWF TS AT . 35k, X 2hi-
GYILTEIALTT , I EARYE 25 Y B 24 PR PE A
R IR 5B, MEEFIBRECE . HAT,
T I 2 W R AR SN AL A S b AR S
Wk, F 2 —IRANTE

feJa, HAETCARIEA B S TRk . IE
B R S UL A 7 BOR T 3L 058 T2 259 1 o
#r, (HRX S TA TR, T2 A
SR ITEIL LGP ERER R s = DT . o
L3P A, Sy 2 — S  E
FIAEIAL, (R A T TR SR R TR AR
T IRARAD . TEE I A RLE 22 Hh B R s
25, AIIEMEZE . MR AERIRIRRR, & EE

RUEAFTEFZ 96, L0 29598 —
FPEER A DAECRAEOR . BEEERIRA,
TCRE AT BAR A R MEE 1 25409 11 i 2 ]
JEMPERAL T — B Aa TR, IR
ARSI S B R A A B 15

[1]  Williams III R O, Watts A B, Miller D A. Formulating Poorly
Water Soluble Drugs [M]. New York: Springer Science &
Business Media, 2011.

[2] Yu L. Amorphous Pharmaceutical Solids: Preparation,
Characterization and Stabilization[J]. Advanced Drug
Delivery Reviews, 2001, 48 (1) : 27-42.

[3] Lu M, Guo Z F, Li Y C, et al. Application of Hot Melt
Extrusion for Poorly Water—soluble Drugs: Limitations,
Advances and Future Prospects[J]. Current Pharmaceutical
Design, 2014, 20 (3) : 369-387.

[4] Vasconcelos T, Marques S, Das N J, et al. Amorphous
Solid Dispersions: Rational Selection of a Manufacturing
Process[J]. Advanced Drug Delivery Reviews, 2016,
100: 85-101.

[5] Qi S, Craig D. Recent Developments in Micro—and
Nanofabrication Techniques for the Preparation of
Amorphous Pharmaceutical Dosage Forms[J]. Advanced
Drug Delivery Reviews, 2016, 100: 67-84.

[6] Chieng N, Aaltonen J, Saville D, et al. Physical

Characterization and Stability of Amorphous Indomethacin

IS P &) b b



552

2019 5 33 5

and Ranitidine Hydrochloride Binary Systems Prepared
by Mechanical Activation[J]. European Journal of
Pharmaceutics and Biopharmaceutics, 2009, 71 (1) :
47-54.

[7] Dengale S J, Grohganz H, Rades T, et al. Recent Advances

[8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

in Co—amorphous Drug Formulations[J]. Advanced Drug
Delivery Reviews, 2016, 100: 116-125.

Chavan R B, Thipparaboina R, Kumar D, et al. Co-
amorphous Systems: a Product Development Perspective[J].

International Journal of Pharmaceutics, 2016, 515 (1-

2) : 403-415.

Serajuddin A T. Solid Dispersion of Poorly Water—soluble

Drugs: Early Promises, Subsequent Problems, and Recent
Breakthroughs[J]. J Pharm Sci, 1999, 88 (10) : 1058—
1066.

Jermain S V, Brough C, Williams R O. Amorphous Solid
Dispersions and Nanocrystal Technologies for Poorly
Water—soluble Drug Delivery—An Update[J]. International
Journal of Pharmaceutics, 2017, 532 (1) : 379-392.
Laitinen R, Lobmann K, Grohganz H, et al. Supersaturating
Drug Delivery Systems: The Potential of Co—amorphous
Drug Formulations[J]. International Journal of
Pharmaceutics, 2017, 532 (1) : 1-12.

Korhonen O, Pajula K, Laitinen R. Rational Excipient
Selection for Co—amorphous Formulations[J]. Expert
Opinion on Drug Delivery, 2017, 14 (4) : 551-569.
Kavanagh O N, Albadarin A B, Croker D M, et al.
Maximising Success in Multidrug Formulation
Development: A Review[]J]. Journal of Controlled Release,
2018, 283: 1-19.

Grohganz H, Priemel P A, Lobmann K, et al. Refining
Stability and Dissolution Rate of Amorphous Drug
Formulations[J]. Expert Opinion on Drug Delivery, 2014,
11 (6) : 977-989.

Newman A, Reutzel-Edens S M, Zografi G. Coamorphous
Active Pharmaceutical Ingredient—Small Molecule
Mixtures: Considerations in the Choice of Coformers for
Enhancing Dissolution and Oral Bioavailability[J]. J Pharm
Sci, 2018, 107 (1) : 5-17.

Lobmann K, Jensen K T, Laitinen R, et al. Stabilized
Amorphous Solid Dispersions with Small Molecule

Excipients: Amorphous Solid Dispersions [M]. New York:

VOB i iR CEUTICAL A

Springer International Publishing, 2014, 613-636.

[17] Hoppu P, Jouppila K, Rantanen J, et al. Characterization

of Blends of Paracetamol and Citric Acid[J]. Journal of
Pharmacy and Pharmacology, 2007, 59: 373-381.

[18] Lobmann K, Grohganz H, Laitinen R, et al. Amino Acids

as Co—amorphous Stabilizers for Poorly Water Soluble
Drugs — Part 1: Preparation, Stability and Dissolution
Enhancement[]J]. European Journal of Pharmaceutics and

Biopharmaceutics, 2013, 85 (3) . 873-881.

[19] Descamps M, Willart J I, Dudognon E, et al. Transformation

[20]

[21]

[22]

[23]

of Pharmaceutical Compounds upon Milling and Comilling:
the Role of Tg[J]. Journal of Pharmaceutical Sciences,
2007, 96: 1398-1407.

Erizal Z, Fitri R, Fithriani A, et al. Preparation and
Characterization of Binary Mixture of Efavirenz and
Nicotinamide[J]. Oriental Journal of Chemistry, 2015, 31
(4) : 2271-2276.

Alhalaweh A, Alzghoul A, Kaialy W. Data Mining of
Solubility Parameters for Computational Prediction of
Drug - excipient Miscibility[J]. Drug Development and
Industrial Pharmacy, 2014, 40 (7) : 904-909.

Kitak T, Dumici¢ A, PlaninSek O, et al. Determination
of Solubility Parameters of Ibuprofen and IThuprofen
Lysinate[J]. Molecules, 2015, 20 (12) : 21594-
21568.

Pajula K, Taskinen M, Lehto VP, et al. Predicting the
Formation and Stability of Amorphous Small Molecule
Binary Mixtures from Computationally Determined Flory—
Huggins Interaction Parameter and Phase Diagram[]J].

Molecular Pharmaceutics, 2010, 7 (3) : 795-804.

[24] Loebmann K, Strachan C, Grohganz H, et al. Co—amorphous

[25]

Simvastatin and Glipizide Combinations Show Improved
Physical Stability Without Evidence of Intermolecular
Interactions|]J]. European Journal of Pharmaceutics and
Biopharmaceutics, 2012, 81 (1) : 159-1609.

Meng-Lund H, Kasten G, Jensen K T, et al. The Use of
Molecular Descriptors in the Development of Co—amorphous
Formulations[J]. European Journal of Pharmaceutical

Sciences, 2018, 119. 31-38.

[26] Pajula K, Lehto V=P, Ketolainen J, et al. Computational

Approach for Fast Screening of Small Molecular Candidates

to Inhibit Crystallization in Amorphous Drugs|J]. Molecular

zhgysh



2019 5 33 5

553

[27]

[28]

[30]

[31]

[33]

[34]

[36]

Pharmaceutics, 2012, 9 (10) : 2844-2855.
Pajula K, Wittoek L, Lehto V=P, et al. Phase Separation
in Coamorphous Systems: In Silico Prediction and the
Experimental Challenge of Detection[]J]. Molecular
Pharmaceutics, 2014, 11 (7) : 2271-2279.
Lobmann K, Laitinen R, Grohganz H, et al. A Theoretical
and Spectroscopic Study of Co—amorphous Naproxen and
Indomethacin[J]. International Journal of Pharmaceutics,
2013, 453 (1) : 80-87.
Lobmann K, Laitinen R, Grohganz H, et al. Coamorphous
Drug Systems: Enhanced Physical Stability and Dissolution
Rate of Indomethacin and Naproxen[J]. Molecular
Pharmaceutics, 2011, 8 (5) : 1919-1928.
Qian S A, Heng W L, Wei Y F, et al. Coamorphous
Lurasidone Hydrochloride—Saccharin with Charge—Assisted
Hydrogen Bonding Interaction Shows Improved Physical
Stability and Enhanced Dissolution with pH-independent
Solubility Behavior[J]. Crystal Growth & Design, 2015,
15 (6) : 2920-2928.
Dengale S J, Hussen S S, Krishna B S M, et al. Fabrication,
Solid State Characterization and Bioavailability Assessment
of Stable Binary Amorphous Phases of Ritonavir with
Quercetin[J]. European Journal of Pharmaceutics and
Biopharmaceutics, 2015, 89: 329-338.
Alleso M, Chieng N, Rehder S, et al. Enhanced Dissolution
Rate and Synchronized Release of Drugs in Binary Systems
Through Formulation: Amorphous Naproxen - cimetidine
Mixtures Prepared by Mechanical Activation[J]. Journal of
Controlled Release, 2009, 136 (1) : 45-53.
Jensen K T, Larsen F H, Cornett C, et al. Formation
Mechanism of Coamorphous Drug—amino Acid Mixtures[J].
Molecular Pharmaceutics, 2015, 12 (7) : 2484-2492.
Jensen K T, Lobmann K, Rades T, et al. Improving Co-
amorphous Drug Formulations by the Addition of the Highly
Water Soluble Amino Acid, Proline[J]. Pharmaceutics,
2014, 6 (3) : 416-435.
Ojarinta R, Lerminiaux L, Laitinen R. Spray Drying of
Poorly Soluble Drugs from Aqueous Arginine Solution[J].
International Journal of Pharmaceutics, 2017, 532
(1) : 289-298.
Lenz E, Jensen K T, Blaabjerg L I, et al. Solid—state

Properties and Dissolution Behaviour of Tablets Containing

zhgysh

Co—amorphous Indomethacin—arginine[J]. European
Journal of Pharmaceutics and Biopharmaceutics, 2015,

96: 44-52.

[37] Craye G, Lobmann K, Grohganz H, et al. Characterization of

[38]

Amorphous and Co—Amorphous Simvastatin Formulations
Prepared by Spray Drying[J]. Molecules, 2015, 20
(12) : 21532-21548.

Jensen K T, Blaabjerg L I, Lenz E, et al. Preparation
and Characterization of Spray—dried Co—amorphous
Drug—amino Acid Salts[J]. Journal of Pharmacy and
Pharmacology, 2016, 68 (5) : 615-24.

[39] Mishra J, Rades T, Lobmann K, et al. Influence of Solvent

Composition on the Performance of Spray—Dried Co—
Amorphous Formulations[]J]. Pharmaceutics, 2018, 10
(2) : 47.

[40] Arnfast L, Kamruzzaman M, Lobmann K, et al. Melt

Extrusion of High-dose Co—amorphous Drug-drug
Combinations[J]. Pharmaceutical Research, 2017, 34
(12) : 2689-2697.

[41] Lenz E, Lobmann K, Rades T, et al. Hot Melt Extrusion and

Spray Drying of Co—amorphous Indomethacin—arginine with
Polymers[J]. Journal of Pharmaceutical Sciences, 2017,

106 (1) : 302-312.

[42] Wickstrom H, Palo M, Rijckaert K, et al. Improvement of

[43]

Dissolution Rate of Indomethacin by Inkjet Printing[J].
European Journal of Pharmaceutical Sciences, 2015,
75: 91-100.

Rask M B, Knopp M M, Olesen N E, et al. Comparison
of Two DSC—=based Methods to Predict Drug—polymer

Solubility[J]. International Journal of Pharmaceutics,

2018, 540 (1) : 98-105.

[44] Rams—Baron M, Jachowicz R, Boldyreva E, et al. Amorphous

Drug Formulation, in Amorphous Drugs: Benefits and
Challenges [M]. Ist ed. New York: Springer International
Publishing, 2018.

[45] Kissi E, Kasten G, Loebmann K, et al. The Role of Glass

Transition Temperatures in Co—amorphous Drug—amino
Acid Formulations[J]. Molecular Pharmaceutics, 2018,

15 (9) . 4247-4256.

[46] Lobmann K, Laitinen R, Strachan C, et al. Amino Acids as

Co—amorphous Stabilizers for Poorly Water—soluble Drugs

— Part 2: Molecular Interactions|J]. European Journal of

IS P &) b b



554

2019 5 33 5

[47]

[48]

[49]

[52]

Pharmaceutics and Biopharmaceutics, 2013, 85 (3) :
882-888.

Fung M H, Devault M, Kuwata K T, et al. Drug—excipient
Interactions: Effect on Molecular Mobility and Physical
Stability of Ketoconazole—organic Acid Coamorphous
Systems[J]. Molecular Pharmaceutics, 2018, 15 (3) .
1052-1061.

Knapik J, Wojnarowska Z, Grzgbowska K, et al. Molecular
Dynamics and Physical Stability of Coamorphous Ezetimib
and Indapamide Mixtures[J]. Molecular Pharmaceutics,
2015, 12 (10) : 3610-36109.

Dengale S J, Ranjan O P, Hussen S S, et al. Preparation
and Characterization of Co—amorphous Ritonavir -
indomethacin Systems by Solvent Evaporation Technique:
Improved Dissolution Behavior and Physical Stability
without Evidence of Intermolecular Interactions[J].
European Journal of Pharmaceutical Sciences, 2014,
62: 57-64.

Qian S, Heng W, Wei Y, et al. Coamorphous Lurasidone
Hydrochloride—Saccharin with Charge—assisted Hydrogen
Bonding Interaction Shows Improved Physical Stability
and Enhanced Dissolution with pH-Independent Solubility
Behavior[J]. Crystal Growth & Design, 2015, 15 (6) :
2920-2928.

Paluch K J, McCabe T, M ii ller-Bunz H, et al. Formation
and Physicochemical Properties of Crystalline and
Amorphous Salts with Different Stoichiometries Formed
between Ciprofloxacin and Succinic Acid[J]. Molecular
Pharmaceutics, 2013, 10 (10) : 3640-3654.
Heikkinen A T, Declerck L, Lobmann, et al. Dissolution
Properties of Co—amorphous Drug—amino Acid
Formulations in Buffer and Biorelevant Media[J].
Pharmazie, 2015, 70 (7) : 452-457.

Ojarinta R, Heikkinen A T, Sievanen E, et al. Dissolution

Behavior of Co—amorphous Amino Acid—indomethacin

V@O i iR CEUTICA LA

Mixtures: the Ability of Amino Acids to Stabilize the
Supersaturated State of Indomethacin[J]. European Journal
of Pharmaceutics and Biopharmaceutics, 2017, 112:
85-95.

[54] Petry I, Lobmann K, Grohganz H, et al. Solid State
Properties and Drug Release Behavior of Co—amorphous
Indomethacin—arginine Tablets Coated with Kollicoat
Protect[J]. European Journal of Pharmaceutics and
Biopharmaceutics, 2017, 119: 150-160.

[55] Trasi N S, Taylor L S. Dissolution Performance of Binary
Amorphous Drug Combinations—impact of a Second Drug
on the Maximum Achievable Supersaturation[J]. Int J
Pharm, 2015, 496 (2) : 282-290.

[56] Teja A, Musmade P B, Khade A B, et al. Simultancous
Improvement of Solubility and Permeability by Fabricating
Binary Glassy Materials of Talinolol with Naringin: Solid
State Characterization, In-vivo In-situ Evaluation[J].
European Journal of Pharmaceutical Sciences, 2015,
78: 234-244.

[57] Wang J, Chang R M, Zhao Y N, et al. Coamorphous
Loratadine—citric Acid System with Enhanced Physical
Stability and Bioavailability[J]. Aaps Pharmscitech,
2017, 18 (7) : 2541-2550.

[58] Shayanfar A, Ghavimi H, Hamishekar H, et al. Coamorphous
Atorvastatin Calcium to Improve Its Physicochemical
and Pharmacokinetic Properties[J]. J] Pharm Pharm Sci,
2013, 16 (4) : 577-587.

[59] Moinuddin S M, Ruan S, Huang Y, et al. Facile Formation of
Co—amorphous Atenolol and Hydrochlorothiazide Mixtures
via Cryogenic—milling: Enhanced Physical Stability,
Dissolution and Pharmacokinetic Profile[]]. International

Journal of Pharmaceutics, 2017, 532 (1) : 393-400.

(s B8 20194 2A250 %% THRT)

zhgysh



