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Effect of Drug-Polymer Interaction on Drug Particle Size in Crystalline Solid Dispersion

ZHANG Yong', YAN Qiuli’, YANG Wenchuan®, YAN Haiying”, HU Chunhui'* (1. State Key Laboratory of Plateau
Ecology and Agriculture, Qinghai University, Xining 810001, China; 2. Medical College, Qinghai University, Xining 810001, China)

ABSTRACT: OBJECTIVE To prepare crystallinesolid dispersion( CSD) with ketoconazole (KET) and sorafenib (SOR) as model
drugs and poloxamer188 (P188) as carrie, improve the dissolution rate of drug by reducing the drug particle size in vitro and discuss
the mechanism of intermolecular interaction on drug particle size regulation. METHODS The drug-P188-CSD was prepared by rotary
evaporation method. The intermolecular interaction and crystallization kinetics of drug-P188 in CSD were studied by solubility parame-
ter method (SP) , differential scanning calorimetry (DSC) and polarizing microscope (POM). Then the crystal domain size of drug in
CSD preparation was measured by powder X-ray diffraction (PXRD). Finally, the solubilization effect of CSD preparation on insoluble
drugs was evaluated by dissolution in vitro. RESULTS SP and DSC results showed that in CSD, the two model drugs interacted with
P188, and the interaction between SOR and P188 was more significant. The results of POM and PXRD showed that the interaction of
drug-P188 would inhibit the crystallization of P188 and reduce the drug particle size by comprehensively regulating the nucleation rate
and growth rate of the drug crystal. At the same time, the stronger the interaction force, the stronger the inhibition effect on P188, and
the greater the reduction of drug particle size in CSD. The results of dissolution in vitro showed that CSD preparation can effectively im-
prove the dissolution of the drug. The smaller the particle size, the greater the percentage cumulative dissolution rate. CONCLUSION

The stronger the interaction between drug and P188 in CSD, the greater the reduction in drug particle size, and the more significant
the solubilization effect.

KEY WORDS:: intermolecular interaction; crystalline solid dispersion; drug particle size; in vitro dissolution
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Fig. 1 Chemical structural of KET, SOR and P188
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(4.6 mm x250 mm,5 um) €435 H:, DL EE- /K ((RFR
EL 80:20) M3t siAH , i 1. 00 mL - min ™" K i i3k
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B R 80: 20, i 1.00 mL - min ™", & i
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KT 20,00 mL 05, 158 P e A 7% 0 il 4 e
o BERE S AR MR L EE 150 v+ min 5 KA IRLEE
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Tab.1 The solubility parameters of KET, SOR and P188
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8,0)° 1" A(4)
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) AS ZE{HHE /N, 3R] SOR 5 P188 [AHE 4T o

Samples 54/ MPal”? 5]/Mpal/2 8,/ MPal”? 8,0t/ MPa 2 AS/MPal”2
KET 25.09 6.62 0.55 25.96 5.17
SOR 23.59 5.87 0.52 24,31 3.52
PIss 20.78 0.76 0.09 20.79 -
2.4.2  ZEAiE NG (differential scanning calo- ¢ 2k, P188 FIREL /81, i P188 L 24 i
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Tab.2 Melting temperature of drug in crystalline solid disper-
sion(CSD) at different heating speeds. °C

Sweep speed
Parameters
1.LOC *min~!' 2.0°C +min~! 5.0%C - min~!
T onset (KET) 139. 40 140. 10 142.67
T, onset(SOR) 171. 50 172.30 173. 60

HRPEZE 2 FP AR, IR X(C - min ™) h
BEARPR JERINELEE Y(C) AL FRIEA TP A KET-
P188 5 SOR-P188 L& £k 73 7 Jy ¥ = 0.842 9X +
138.45 (* =0.978 9) F1 Y = 0.503 8X + 171.12
(17 =0.979 3) . B A AMER)Z 5, RO TR 3
J50 C - min "B, 4> 5145 50% -KET-CSD F1 50% -
SOR-CSD 1) - iy 4 i i BE (T,,) 2k 138.45 °C FI
171.12 °C ., 5 SR JE B 25 (KET % 54 147.00 °C,
SOR %% #5247 202.00 °C) #H Eb, KK FRE T 8.55 FhI
30.88 C . MRIEAKS ~6 HTEARN M ISEL, WE
3. KET 5 SOR 7 P188 H {45 2501 i (o ) HKIR N
0. 660 9 F10.377 5;KET #1 SOR 5 P188 [ AH H.AEH
S (KRR - 0.757 4 Fil -3.013 1, 253 IR
KET f1 SOR 5 P188 = [a] 17 7E A H.1E Fil ; 50% -SOR-
CSD 5 50% -KET-CSD #H kb, 50% -SOR-CSD #H H /£ F
FIBH x EHE/N, R SOR 5 P188 AAH A H58 .

3 CSD o 2y 4y oy AT IS Rl ORJE A U6 B R AR BAE Al A8t
Tab.3 The data of equilibrium melting temperature, effective

activity and interaction parameters of drug in CSD

Drug-polymer r,/C 3 X
KET-P188 138. 45 0. 660 9 -0.757 4
SOR-P188 171.12 0.3775 -3.013 1

2.5 CSD W& &%

2.5.1 CSD H PI88 & fsh Ji2¢  RAmIRIE
B 1455 (polarizing microscope , POM ) WL %% i 45 H AL
G A PGS 25 W P18S I AN 7] 25 25 & 1 245 -
P188-PM AV TS5 v, I B e I A AL e st 2
W S0 W VR LA B UL S AR 2R R B B, B
2000 r - min~", FJEEAHAE] A 1. 0 min,

4 P188 A A4S PR , 20 s b Al Tk i 't T A0
S (B 2A) o AN [F] 225 32 1) 25 4)-P188-CSD {4 &
 P188 A K ULIEl 2A [ 2C, BEE 259 & =
R, P18 FR A2 RS Ui/, W HE CSD 44
F ' P188 4, Sl AP

T E 2R 2024 457 H 5 59 4 14 )

ST SN W R CSD & Z Hh AN ) 2 g ot
P188 A K IR, 35 A R 25 M 7EAS R 2K
2yt CSD Hf P188 fi iRy A K i F6 . DARS ] X
(s) B ARPR, AR ZY 57 CSD rf P188 @A K
INY (Cpm) AR AT PRI G, 45 R LKl 2B,
4fi P188 iRk KR Hy 12.50 um « s~ £E KET-
P188-CSD Ik &, AN fml 82 & (1% 3% 5% ) 1)
CSD rfr P188 A 1) A= < 3k 238 i 2 24 4t 1) 38 RARIR
N, BN 530 1% 3% 5% 1N, P188 fb{AF-J514
K5 4.30 .3.54 F13.01 pm « s~ KU
/IN3.68.3.53 4. 15 fi%; [7] 3, 7£ SOR-P188-CSD fy
RZA T, LR 1% 3% 5% i) CSD 1 P188 -1
A KRR 3.15.2.56 11,05 pm - s~ R IR
/N 3.97 4. 88 (11. 90 % ; FEARIRI 2 245 & U AE L T,
5 KET-P188-CSD #H [t #¢, SOR-P188-CSD 1 P188
s PR PR A R ARl N R A R K, 2] SOR. Xif P188
A RCR BB 2.

et R LK 2B FE 2D, A A 6] 2
2R 125 )-P188-CSD 1 P188 iy A AE < i %8 5 4l
1) P188 @A iy A K HURAR L, #R A it 25 57
(P <0.05) ; #F KET-P188-CSD 1, R[] #k 25 % CSD
HAHAR I AT F B, 2025 %0 1% 5 3% 1) CSD
1 P188 A AR K BB AP AE 22 57 (P <0.05) 5 1 2%
2% 3% 5 5% 1) CSD 1 P188 [ A i A= K 3%
MG T2 5%, A3, 78 SOR-P188-CSD H, K
[F k25 % CSD AR AL HE AT EL 8, 225 % 1%
553% 1) CSD v P188 @iy (R i £ K MURAEAE ST 27
ZR(P<0.05); M#Z5E K 3% 5 5% | P188 &
R AR BRWAAES 22 7 (P <0.05) , A[A]
A 25 4)-P188-CSD Hr P188 i {4 2 K %
AHEEE, #REA GEit 22 5% (P <0.05)

HATRI 2K 24 %A [A] 245 4)-P188-CSD t P188 ik
AR A AL HR A B EEZE R (P <0.01),

25 b, 251)-P188-CSD w25 Wy 1 Jin A 2 4 il
P188 FhA A KR, HAS[R] 245 90 (A 40 il R SR A —
FE, 0] 5 25%-P188 (KA HAE A %,

2.5.2  CSD heimgiinsh iy DL 50% 325 3%
# CSD {4 2 i, K Bl POM %} 50% -KET-CSD 5
50% -SOR-CSD [FE S #4717 LS

1€ 50% -KET-SD & 2 0,4 h A] DL AE R 6 5t i
WMEER] KET SaiA, 2 BRI , B & I A] B #E S , CSD
KET @R R KOk, iRy K
8.13 pm - h™',36 h ] MWEHN 254 S IR B Ko 18K
AT LA (A 3) .
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P188 1899P 3897P 5895P

= KET-P188-CSD
== SOR-P188-CSD

Growth rate/pm-s!
i

P188 1% 3% 5%

A - 4t P188 FIAS [ 2% 25 % [y KET-P188-CSD 1 P188 [fi ¢ I&l ;B — 4fi P188 F1

R EZFH) KET-P188-CSD 1 P188 1 i {4 4 K 3 585 C - RIF) 2 24 31
SOR-P188-CSD 1 P188 i Y& ; D — A [] 25 %R i) SOR-P188-CSD H P188
AP IR B~ PISSTEAN[A) 4 25 5 1 2514)-P188-CSD i ¥ iy A A K 6 5
K~ ;S — RAARE P - I V01 1885 1540 PISS JHLL, " P <0.05: 44
AW HE 2 P <0.05 55 KET-P188-CSD H4%,3) P <0. 05,

A — polarized micrograph of pure P188 and P188 in KET-P188-CSD with different
drug loading; B — crystal growth rate of P188 in KET-P188-CSD with different drug
loading; C - polarized micrograph of P188 in SOR-P188-CSD with different drug
loading; D — crystal growth rate of P188 in SOR-P188-CSD with different drug
loading; E — crystal growth rate of P188 in drug-P188-CSD with different drug
loading; K — KET; S — SOR; P - P188;1) P <0.05, compared with pure P188;
2)P < 0.05, compare two adjacent groups; )P < 0.05; compare with
KET-P188-CS.

B2 CSD # PI88 45 & 3h /) %
Fig. 2  Crystallization kinetics of P188 in CSD

4h 8h 24h
o . . -
- . .

B3 50% # %% CSD & 254 iy ot A

Fig. 3 Polarized micrograph of drug in CSD with 50% drug loading

<1324 -

Chin Pharm J, 2024 July, Vol. 59 No. 14

1E 50% -SOR-CSD & Z 1,4 h 7] L 7E i V6 A
THREE E /N ) SOR &b A, 82 J6 1 ML 22 31 B
S, B A B ] A 4 A%, CSD H SOR @R IR ok,
HAR IR AERK #2313 pm - h™' 36 h A L%%
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SOR-CSD Hr 25 ¥ i AR 3k H W i £ F 50% -
KET-CSD H 2y db IR 8 H o it i R,
AR 254 b AR AR K R LA, B St 22 R

(P<0.05),
N T R G ST 50% 325 H CSD {4
AR AE s 1 R RRR X AT ik

(powders X-ray diffraction, PXRD) X % F 25 ¥ (19
CSD 47 1 i — D SRR SE .
K PXRD gl 75 3 Wi 455 17 A [ 19 8028 i

50% -KET-CSD 5 50% -SOR-CSD 4t i sh 1= (|
4) o B AA T E) EARCE 5 T J7 KET SRR
24y PXRD & 3%, o ] 35 43 S AN [\ B (] R 50% -
KET-CSD f#) PXRD [&3¥%, 5 77 P188 S4{& 1) PXRD
K&, 1 50% -KET-CSD 1,0 h B} P188 mi 4% &4 i
K T50.5 hoif, g n] IO 3 KET 25§ ; R 38, 1078
50% -SOR-CSD H1 (|8 4B),0 h B} CSD A& R A i 4k
FIELA ;1.0 hif, A WL P188 25 it >k 5 1
SOR 7£ 6.0 h A ]\ CSD A Z2 s fiy ti >k

G, 25 SRR e A LR 50% 25,245 28 1 W 25 4 1
CSD & % 1 (50% -KET-CSD 5 50% -SOR-CSD) ,
SOR X P188 f {414 i 10 % ( BV S {4 2E %2 )
PR B

HhE 22k 2024 4R 7 H 5 59 5 14 1)



P188 50%-KET-CSD
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WL NN v
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B4 FF AT 254 -P188-CSD 4 & By R X 4T 47 4T (PXRD) A

Fig.4 The PXRD of durg-P188-CSD at different time

2 R AH G SCHR [ 13 ] & 3R, AR 41 28 i 1y Az 2
W BRI A Ko B A A K PR 43, H 3 e
AESEG R o BRI BSAZ o A, ) A K il
BN, XWAERE T ATFEAE POM Hll 22 51 i) 52 5
MG TE 50% -KET-CSD fAZ v KET (& 14 iy A K
R, W B /N, AR B 1) KET 2597 1R 22 30
KI5 i AE 50% -SOR-CSD & & 1, SOR f A& i A
Fes RN T B AZ R K, WLEE 3 1 SOR 254 & 1k
LU MNTEZS

Zi b @ X PR AN R 25 9 CSD R & i F
5%, R )-P188 Z [u] ) 43 ] AH H.AF F T LA
95 CSD th 245 P188 4k sl J 2%, il P188
ST, A X 2 W AR T B A N A R
RIEATLEA A NI I8 BN 25 W Ri A2 10 EH 1 o
IS, A EL A R g i, o P88 i 100 il 25 S sk 5
CSD Hr 2y AR (1) A K N
2.6 CSD w254 & oty & Ak,

KT PXRD X CSD A it 47 47 0, 43 31 B
AL 5, SR Cu-Ka B0 5E, F1 4675 Bl
20=5°~35° RN 1 ° - min T HEES KR
0.01°/20, $RJ5 , #i4fE Scherrer A (A7) T1H52Y
Y- 21 d R R

D =Kv/(B cosf) 7~ (7)

A, K 4 Scherrer F 44D fy ffoki 1 5 T & 1
J7 1) - B JEE B By S A (it A3 S 0 > 06 58
TR TR0 AR Ly A X BT K,
A7 1.540 56 A,

Bl 5A & 7~, KET 259§k 7 20 2 7.0°,
10.5° .15.7° ,17.2° . 21. 0°, 27. 2° 45 4% 4F i & 0%
P188 ALIRTE 260 Ay 18. 9°F01 23. 0° A5 FR1E4T7 G %, PR
I REAE AT S 06 34 55 Sk [ 2021 ] 4GB — 3k, PM

T E 2R 2024 457 H 5 59 4 14 )

1 CSD [ PXRD 117 i e 5 J5 5 245 ) A Lo A A A ek
2, PiH CSD v KET 254 iy B 5 KET JURL 24 1 &
B3 R AR SRR

KISB IR, 5 KET § 44K 5B 25 48 L, 50% -
KET-PM rf KET FRAEAT S0 (1) 208 58 J L7180 kA=
A1 50% -KET-CSD Hr KET R AE AT 5 06 1) °f 0
LB A BRI 1 A8 FE . AR Scherrer 24 AT A
U Ji2 55 5 250 & RO BURLLE, B8 5878 58, 2540)
FhlE RT AR /N R ZE R L 4, KET 5 50% -KET-
PM R 25 1) {5 RS B AR — 3, 50% -KET-CSD Hy
KET 254 1) i 5 RO HE U245 980/ T 7. 50 nm, 3
INT 17.64%

Kl 5C R, SOR 259 K 7E 20 2 9.8°,
11.3°.12.5° 18.5° 24. 6° 25. 1 ° A5 4R HE AT i s, 5
FHOG SCHR [22 ] o iy fig 3 A0 — 3% A B, i 45 19
50% -SOR-PM ) 2 50% -SOR-CSD 1 H.45 5 SOR 24
Py AR Rl RRAE I , I CSD Hr SOR 254 i L 5
SOR JURE24 1) A — 350, R AR AEFG LS

5 SOR A& J5URI254H e, 50% -SOR-PM H1 SOR
FRAE AT S e P~ 0 5 T L P B A 284k 5 50% -SOR--
CSD 1 SOR FFAEAT 5 e 1) F 0 G A 36 5 W i
MR YL (& 5D) o M4 Scherrer A5 1145 SOR 2454
w0 25 L L2 4, 4l SOR 25 W & 1Ak 1Y i
(44.81 £1.77) nm;SOR 5 50% -SOR-PM 125411
B RS AR — 3, 50% -SOR-CSD Hr SOR 254 &
PRI A (24. 59 £0.85) nm, [ 4fi SOR 254 i K
W/ T20.22 nm, /N T 45.12% .

THAR T B 20 ) S & T 25 W R AR I SO0 3
W , 3R SR, AR B A AR SR R B TR
WG (PR AT ULEY ) , JLSEBRI B R 220 NI R 2R
AR TTRCAY , T it A 3K Sl N U (1) BE AR 2 i, H:
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H e -5 N T PR D it RS R e S
7N OB 1 B A BB/ REAR BN R, A R
T H FAZG ) s R B2 PRI RN 2

i b AW — P BE T 1R CSD IR R,

—P188
50%-KET-CSD
50%-KET-PM
—KET

—P188
50%-KET-CSD
50%-KET-PM
—SOR

T T T T
5 10 IS 20 25 30 35
20/

25938 B A LA F AT LK CSD rp 25 ) B L A2
(2501 fiais ) HEAT IR, O HAR B AR I 7B, CSD
T2 PRI AR DR/ R BE R R AR BN, 5 CSD 2 iy
g A P AR R SR A RAN— 2

50%-KET-CSD
= = 50%-KET-PM
—KET

50%-KET-CSD
= = 50%-KET-PM
——SOR

T T T T T 1
93 94 95 96 97 98 99 100 101 102 103
26/

A - P188 KET 50% -KET-PM 71 50% -KET-CSD fj PXRD [&; B - 54l KET #itt,50% -KET-PM #il 50% -KET-CSD H KET f4U Jig 5 550w [ ; C - P188 .SOR \50% -
SOR-PM il 50% -SOR-CSD #YJ PXRD [&]; D - 54} SOR # £t ,50% -SOR-PM Fl1 50% -SOR-CSD H* SOR it 16 & 5 S0 14

A — PXRD profiles of P188,KET,50% -KET-PM and 50% -KET-CSD; B - Peak broadening effect in PXRD profiles of KET in 50% -KET-PM and 50% -KET-CSD comparedto
KET; C - PXRD profiles of P188,SOR,50% -SOR-PM and 50% -SOR-CSD; D — Peak broadening effect in PXRD profiles of SOR in 50% -SOR-PM and 50% -SOR-CSD com-

pared to raw KET.

B 5 KET.SOR.P188 .7 47-P188-PM K 7§ 4-P188-CSD # & By PXRD K
Fig. 5 PXRD profiles of KET, SOR, P188, durg-P188-PM and durg-P188-CSD

R4 50%HHFEPM K CSD 24 FH B%R T, n=3xs
Tab.4 The average domain size of drug in PM and CSD with
50% drug loading. n=3,x +s

Samples The average domain size/nm
KET 42.52 +1.95
50% -KET-PM 43.05 +1.05
50% -KET-CSD 35.02 £0.58

SOR 44.81 +1.77
50% -SOR-PM 43.96 £1.43
50% -SOR-CSD 24.59 £0.85

2.7 4R A B B Y (dn ovitro drug release
evaluation )

AHEGE I H A2 3w eV R 25 W 1 o
R AT N AV I — A A R AR,
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HABFFEIN N CSD (5 47 R 2 H e 2 B R A%
SEWOWZE ¥ B 5 e, — 5 AR A] LB CSD Y
VS AT A TR R HoR AR AR AL AR, 59— 5 T ASBF
JE T B A AT AR E CSD X XE T2 i
RO DRI, ARG 36 FAARAE 1 H S R A 1 H X CSD
v i T Rt TR

2.7.1 ASAE % H 3 2 (intrinsic dissolution rate,
IDR) IR 48 F 78805 2 T4 49 F ) 4

FEEST AR, HUB — AR S 3 A i FLA
JrE R AR B R 150. 00 mg, AR A A,
M T3 Ik 1 4%, JE 1 0.06 9 MPa, i} [a] 24
30.0 s, B AR EAR 9 10. 0 mm Y BFE 19 754, B
A2 RTINS, O mL f9— R PETES d , FA

HhE 22k 2024 4R 7 H 5 59 5 14 1)




A, HBE— I Ok, i i R [ TR T R
Ho BEHC20.00 mL pH = 7.2 B @EZE il (& A
0. 1% SDS) ¥ /i it ; B3 %y 400 v -
£ N 37 C, 1.0 min Fi1H 0. 2 mL VAV, B Sl
S S EIA 0. 22 mm A8 AT 08, F RIS 2EAT
HPLC I5E 7387 , 20 P41t 3 W,

AR SRR O i P v 6 R 25 i [
FETERFE MR E b, R 25— AT 5 A
I M, O 2 O [ B U RO
B HAt Y R L B T B S Wi O AR b 2
WG, It HAT R 5 25 W) e AR N i 25 W) AR R
g

KET J5i ¥l 25, 50% -KET-PM #1 50% -KET-
CSD Ht KET () IDR 5 45 . 25 (% 22 3 ( Kl 6A ) | H:
H1,CSD(4.26 mg + em ™ - min~') 1Y IDR &k,
PM(2.98 mg - cm > - min~ ') & Z,KET J5 K} 24

min ' ;7

30 4 == KET
- - 50%-KET-PM
-@- 50%-KET-CSD

Relsace/mg-cm™

07 &= sor

-l - 50%-SOR-PM
40— =@— 50%-SOR-CSD

Relsace/mg-cm™

1/ min

(0.74 mg - em™ « min~") £ /N, PM F1 CSD
KET 1) IDR 43 51| 52 J5 8L 25 1) 4. 03 F1 5. 76 f% .
CSD A1 PM 5 # KET {1 IDR 22 5% F %5t T
YRR AR kA T A8 Ak, B CSD H KET fif
/N, ¥ CSD ) IDR i — 204 i o

K 6B 5%, SOR JERIZ5 5N ,50% -SOR-PM k2,
50% -SOR-CSD Y IDR ¢4, IDR 43514 0.11 4. 59 Al
12.83 mg + em ™ - min~" ;55 SOR J5URL2 A FE 75 1 i
KR, 20 R ES T 40. 32 Fl 112. 65 435 M ) 2 24 i)
CSD 5 PM #1t,CSD & PM ) 2. 79 £,

Geit2E o a , 45 5 UL K 6B FilE 6D, fr g A
2j#)-P188-CSD FNZj4)-P188-PM Hf1 2449 () A AiF V5 H
TR 5 A N 4 25 ) I AR T O A L, BRI S
2255 (P <0.05) 5 4 [F] 25 4)-P188-CSD 5 2 4)-
P188-PM Hr 2 i AL 135 S Z6 A LL, AR B A 42
227 (P <0.05)

2)

IDR/mg-min.cm?

KET 50%-KET-PM  50%-KET-CSD

C D

IDR/mg-min.cm?

SOR 50%-SOR-PM  50%-SOR-CSD

A = KET 50% -KET-PM 1 50% -KET-CSD [ 4 il tH |8 ; B — KET ,50% -KET-PM £ 50% -KET-CSD [/ 4= i 175 tH # % ; C — SOR ,50% -SOR-PM #1 50% -SOR-CSD f1J
AHEF H D - SOR ,50% -SOR-PM il 50% -SOR-CSD [ AAE 5 Hi s . S22 A LL, D P <0.05;5254)-P188-PM A1, 2 P <0.05,

A = Intrinsic dissolution profiles of KET, 50% -KET-PM and 50% -KET-CSD; B — Intrinsic dissolution rate of KET, 50% -KET-PM and 50% -KET-CSD; C — Intrinsic disso-
lution profiles of SOR, 50% -SOR-PM and 50% -SOR-CSD; D — Intrinsic dissolution rate of SOR, 50% -SOR-PM and 50% -SOR-CSD. D P < 0. 05, compared with pure

drug;2)P <0.05, compared with drug-P188-PM.

B 6 KET .SOR, % 4-P188-PM J 24 47-P188-CSD #y ALV o n=3,x +5
Fig. 6 Intrinsic dissolution of KET, SOR, durg-P188-PM and durg-P188-CSD. n =3 ,x s

2.7.2  yKVEH 3  (powder dissolution rate) 43
SRS B AR 100. 00 mg [ J5URE2Y  PM |, CSD £ & 4

T E 2R 2024 457 H 5 59 4 14 )

ARETHA 250.00 mL pH o 7. 2 YBERRZE shil [
A H IR N 1. 00 mg - mL” VAR E
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PEHEFATHIR 100 v - min ™' R R 37 C, 43
#0.5.1.0.1.52.2.53.0.4.0 h BtfE 1.0 mL, [
A I S5 0 S5 B S A BT, A o il S S S B
0.22 g 47 38 U8, W B S #6147 HPLC U &
G0, BRAPATIN 3 K

50%-KET-CSD w25 5 1) R B th 24 h
61% , 5 F 50% -KET-PM ( % 42% ) f4li KET J& ok}
25(2930% ) (K 7A) ,iX AT RS2 P188 [ & iyl
L KET A8 0 /N2 1 P g 45 51020 R, 24
Yy AR I N R T KET 35

K 7C %R, 54 SOR f 44 J5URE 25 410 Eb , 78
50% -SOR-PM F1 50% -SOR-CSD 1, SOR 1 & i}

707 = KET

@ 50%-KET-PM @~ 50%-KET-CSD

Dissolution/%

0 0.5 1.0 15 2.0 2.5 3.0 35
t/h
607 = SOR @ 50%-SOR-PM @@= 50%-SOR-CSD

Dissolution/%

4.0

7t AR YK R CSD > PM > 4fi SOR ;50% -SOR-PM
5 50% -SOR-CSD #H [t., SOR 11y B i1 th £ 3H K
48% HEE T 8 1%,

PLa h iy Bt R o R, s i 2y 2
#)-P188-CSD 125 #)-P188-PM = [a] ity B it 17 H
RRAHAGITF2ZT. Gt irg £
K 7B FE 7D, A AN 25 4)-P188-CSD Fl 25 4) -
P188-PM w24y 11 B 1 ¥ th 5 55 40 1 26 25 ) 1)
Bitwmh EM, B EA %I LR
(P<0.05); #f [8 4 25 ¥-P188-CSD 5 24 ¥-
P188-PM 2 iy R it i th A I, # 2 A Ge it
¥ (P<0.05),

100 — B

80 —

60 —

Dissolution/%

40 —

20 —

KET  50%-KET-PM 50%-KET-CSD
100 — b
80
) S
. 60— D
2
: i
£
=
= 40
K]
8 159 D
10 -
5 —d
0 -
SOR  50%-SOR-PM  50%-SOR-CSD

A - KET 50% -KET-PM £l 50% -KET-CSD [ #3 A 7% H € ;B - KET 50% -KET-PM il 50% -KET-CSD i #} A %5 H 33 %% ; C - SOR ,50% -SOR-PM FI 50% -SOR-CSD [¥]
ByARFEHE ;D - SOR 50% -SOR-PM F1 50% -SOR-CSD i 8y A Vil ik 5 ; 542541, D P <0.05; 5254)-P188-PM 4Lk, 2 P <0. 05,
A - powder dissolution profiles of KET, 50% -KET-PM and 50% -KET-CSD; B — powder dissolution rate of KET, 50% -KET-PM and 50% -KET-CSD; C - powder dissolution

profiles of SOR, 50% -SOR-PM and 50% -SOR-CSD; D — powder dissolution rate of SOR, 50% -SOR-PM and 50% -SOR-CSD; VP <0.05, compared with pure drug;

2)P <0. 05, compared with drug-P188-PM.

7 KET,SOR % 4j-P188-PM % % 4j-P188-CSD R R # & By kA o n=3,x s
Fig.7 Powder dissolution of KET, SOR, drug-P188-PM and drug-P188-CSD. n =3 ,x +s

Xtz \PM CSD (1% 24 91 R T il 48 HEA T 75 PR AR
AR AR & — RS A UG
Ja W — RN I EMR ST S

TRAN H 25 5 @, CSD il 51 7T LA Rt
PP O H PM X 25 B A
—ENEA, ATREIE O P188 A1 —Fh) 32 T 24
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TV PR 5 P 2 TS R, P188 B A7 AE AT LU
KET {7 fig B A it . 4R 1m0, CSD w259 ki R
TSN AR R T OGR4 CSD il 5 SOR

Vs A
25 L, 255 A AR ) A AR 2 R
CSD HR 25 R4 fh AT, 20 I A B/ CSD 44
TR 25 7 2024 4F 7 J1 56 59 556 14 1]




RS 50% # %5 PM R CSD = 2 4 B ik iy — W 30 71 %
M

Tab.5 First-order kinetics simulation of drug release in PMand

CSD with 50% drug loading

Samples Equation r?
KET Y =59.60( 1-e™*701) 0.994 8
50% -KET-PM Y =46, 12(1-¢-24) 0.940 4
50% -KET-CSD Y =60.93(1-e383) 0.962 6
SOR Y =2.58(1-e-081) 0.967 6
50% -SOR-PM Y =8.33(1-e0-02t) 0.991 3
50% -SOR-CSD Y =53.57(1-e292) 0.971 1

FA PR LR B I H . R, A
PRI T8 , %F P188. [ 4 i I i 28 R 5tk , CSD o
ZYPRIAR IR/ N BEBOR , ST RICR B 2

3 3

K35 H= W) 245 7 % 41 25 R 4 ( biopharmaceutics
classification system,BCS) ,BCS T 25254 LA 1A fit
JEAR B35 i 1 RE R T S R BRI AR 25 )
W ST S B PR 3R o RO, M 9 P 24 7 ol T IR
il 7R, LT A8 2 B Ry X 24 4 10 IR e i )RR
MR TR, ROBR 1V 281k & W AE S 2459 1 i
JHT oA 52 50 BF 5 1 P R 259 (KET FISOR)
J& TR BCS 128254, M4 Noyes-Whitney ¥
AR TR (A 208) , W/ 2 Wk A n] A7 Rl 4R
R ME VAL R 24 0 ) L AR T R XV 2 ) o
Ji CSD R S5 25 /N 245 4y ik A 0 T 3k
B B, R, HF5E CSD 2 i i 4 P =
o EE MR,

O%V=DXAXL(CS_C) AR(8)

dW/dv: B Y BRI 2, D 259 5y
TER R P Y HOR AL BORLI LR TR, C . 2591
VAR E o 25 PE s O VR BE L JURE RN VR 2L 1
WY HUZ R

AU SC R A 3, B A A R A e i
B0 BT AR A T ik 2 4 o R
By s, Hrp AR PR © 28 E S T P AR AR R AL
Xf CSD Hh 25 HpRiAs i 520

TEIIE AL 72 1 B2 P45 CSD rh 25 4 1 b ki R
PRI, CSD g oy 1 MRS 25 W TR & SR AL i
PR E (A R B B A A 72 W B ) P o e S 2y
SR URE 25 W) f A Y BSO8R K R AR R 3 i
ANPGRS )07 EL B R AL
R AREZ5%(30% LR ) [ KET-P188-CSD {A %,

T E 2R 2024 457 H 5 59 4 14 )

{E TR s TR) A7 BELAE FH X 245 6 A% 1) 52 i) i
DO TS B 2 RO, R4 TR AN,
{5 4 1Az BELGH AR A28 1 5 Mo/ D, BT AR 22 1 2 v
A3 T RES 244 22 18] (0 AH A PG 2 A% ) IR 4
YER . PRI, ARBFT AR AT IIE ST I JL Rl T 25
V] B g 2 2 e s~ R R A X 25 ki A 1 A 4
DN

EAR R A, 10, A S50 v 2 fA7 20
PRI XA 1 25 T AT TR 5T, 38 7 B F H At R
AV 24 0 % AR SC ) 2538 R AT 0 — 25 I SR TIE
YR, AR AT DL CSD gy pkide (B 22y
Wi Sk Rk M BT A5 R 23 5 W 25 9 5 2R 1 A
A T AR S 56 36k B A 1 Rl 2 ) A 4 R A A —
TE 255, LT R 45 K R RL T 25 1 A S 208
BT E— 2 BB 5T, X g S A TR UL — 28 F
FEMTE A o

B, A28 L KET fil SOR A 254,
P188 Shyzk A, X 247)-P188-CSD 125455 P188 (14
HAER AT R BT, 12558 T A BLAE A ok
CSD {RZ 254 5 P188 5 AT R s mm , DT X 24
B O N AR T AN R S i we kO WANESL 7))
AR B o RIS, $2 HAH BV F ) 3R 55 6 CSD
HR (1R 2 AR AR VR 45 U FARLAF 76 52 0, AH AR FH g
K, CSD 2 ki i/ N B R K, 25 DRE AR R )N
BT, ER R 25 T R R CSD il 7 B2 it
T BRI LR B S
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