ETEZnBETRNEFE B E R RS EE R IETHEN
HemEREX SR

A, RS, REAY, BE RER Y, G RE VO A 2 A RS, 1 330004
2EAFNH - ARERZFE, LV HE 336000)

WE: B AR B KRS R(solid dispersion, SD)r AL SD £ 4 dhid 42 7 42t 4 & & (relative crystallinity, RC)
HAREMN, Tk AFCENBIEARANE, BOHWREIRER, BT 8 8000, A%V 188, Soluplus®Hh HARM 4,

KA 3IAHELLERBFT RAFCENE SDAHR, WA T SD e kPR, JFlid £mooiiEk, Bk k&S
HEHIFE, IR SDARFHFLE SD E4 Fad4d RCHWMER, R BAGBRID_RERSEZLT SDHIKF
MRS RC Z M MAREBAER . b, #5255 D0.5)% VIP{E>1.2, L8 SD kSR Pk k22 %vh SD 4 4
HRERE, G AERIAEP, TUEALRRAGHNET X, A F AT ARETHNEFTFO I LAY, REFLARR
B 1R R SD AR, VARRE SD M E L4 AT,

KR BERBUR; MR AT S R, Ak

FESES: R43 XHKFRSES: B NERE: 1007-7693(2023)16-2260-08

DOI: 10.13748/j.cnki.issn1007-7693.20220047

SIRAARI: #M5, KEF, 2B, . AT ELUBEITO BRI RFRAAL L T2 DT P At A G4
XWHRN]. BRI A S, 2023, 40(16): 2260-2267.

Study on the Powder Properties of Solid Dispersions and the Correlation Between the Powder Properties
and Relative Crystallinity During Recrystallization Based on Multivariate Statistical Analysis

AO Teng', ZHANG Junfang', ZHAO Guowei'", CAI Ping!, OU Liquan', ZENG Qingyun®"(/.Key Laboratory of
Modern Preparation of Traditional Chinese Medicine, Ministry of Education, Jiangxi University of Traditional Chinese
Medicine, Nanchang 330004, China; 2.Department of Pharmacy, Second People’s Hospital of Yichun City, Yichun 336000,
China)

ABSTRACT: OBJECTIVE To evaluate the correlation between the solid dispersion(SD) powder properties and the relative
crystallinity(RC) during SD recrystallization. METHODS Andrographolide was used as model drug, polyvinylpyrrolidone K30,
polyethylene glycol 8000, Poloxam 188, Soluplus® as carrier materials, 12 SD powders were prepared by three preparation processes,
and then the SD powder properties were determined. Afterwards, the principle component analysis and partial least squares
analysis(PLS) were used to evaluate the correlation between the SD powder properties and RC during SD recrystallization.
RESULTS The correlation model was successfully established by partial least square method between the SD powder properties
and the RC. The VIP value of particle size parameter D(0.5) was >1.2, which indicated that the particle size was the key factor
affecting the recrystallization of SD powder. CONCLUSION In practical work, SD powder with different particle size parameters
can be obtained by different preparation methods or by adjusting the process parameters of the selected preparation method, so as to
improve the recrystallization stability of SD.

KEYWORDS: solid dispersion; powder properties; relative crystallinity; correlation
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H ) 245 48 EE R I ) AR AT S AL T Y g
HARAS, TEMAAR B Al ge A A 25 T
P25 AL SD, eV i R A RETE
B TEE T i A W B R MR AR, &
{5 RSB B LA 2k o R I R 25 e
P SD B Z IRz —

TESCPR TAER#4&1) SD KU ATE
FFFE o B R“F P AU SD I BIAL T L 2572
P 25 B2, X SD pYfa e Mt A & HE
W, ARETEE K, BAB/INRARR) SD MR HA
B LRI . ROV B S s, (HJE,
HA R TG R TH AR 3 (A M Pt s B, i
WIS, Ko+l THRIREH, 755 BUCL
B EIE U SE, BIRZGY FERG W Z R AH
HAEM, Itk SD R EES fad e, FEAR SD mfRE
PEUOI2T ) ofoy (A 2 SEA M T 32 B8 0B KN L
oy . R AR SR R 58 — Vit oy ik %
[ A S iU i SO 1) i N QLT i SN R T A G e )
AR Ve EE, EA IR 2Py SD
(AR AE PETE AT, SD AR A2 o 5 H F 23 o
AR SCPEGIART, IR DL AR .

2503 N i (andrographolide, AG)HAHIR .
PURY | PR EESEZ I RVER , B AG TEAE TR
JET@B7 CYKP AN 74 ng-mL™, H RS
2ij5, T AG PR S 20 AR YA H]
FE 1% AG 3R YT HIi& 52 BRI AE AT BE o
AL H % T ZF0 AG-SD, KKHGEET AG 1
AT R, JRRESE T BUAMORL . TR REEZS
FRA 2% AG-SD FeE PRSI 213161 Rt , AR 5K
Ll AG VENRERLZY, ROMGIEEBERR . R R
8000, ATV 188, Soluplus®My#kiAttkl, RH
3 Fhifil s T 24K45 12 Ff' AG-SD Bk, SR)5 2 SD
RBRAR Ko 3 A . B . WO RS A2 I
If38 1o F 535312k (principle component analysis,
PCA). ffe/N — Tk (partial least squares, PLS)%
BRI FEL, RS SD B4l il R UIAH G
FEER AR, 7 SD MR2APE S SD H4h
pndc A FPOREDO G SRR AR OGRS, T T T2k
FpTEdE g, AHEARER SD Byfil s P ftrs 5.

1 X5

OSB-2000 Jig## 7 & AN (b5 117 2% B AR A7 PR
73 w]); B-290 Mt 55 T LG 1+ BUCHI A PR A ;
Free Zone & THEHL(3E Labconco A Fl);

P E AR F 252 2023 4 8 5K 40 55 16 1

Mastersizer2000 OGR4 (P E Malvern 2y
Al); TriStar3000 b 3% 17 A & £L B EE I A2 A
Accupyc 11 1340 FL%5 B {30k A 22 B4 5N
Al )5 OCA20 A 43 ' 2 422 fik £ D & A (75
Dataphysics 22 F]); D8 Advance X-HF£4i7 440 (&
MBS F]).

AGWH L REFEMRI AR AT, it
201405; &1 =>98%); Soluplus®(fH [ [ i 5 15
oyEl) s BN BE R (PVPK30) . A % VD 1
188(P188). 2 Ml 8000(PEG8000)¥: M [ [E 2}
R AR A R A A
2 FEEHR
2.1 SD il g 1141)

K% PRI AG 1.00 g FIEkIARATEL 4.00 g, fi#
T 80% LI, MG AG-ERIRT . RITE 78 %
IEZZR R R E AG-ERIRTS RN, IS ik,
TS A IR T 52 T 24 h, Wi/ d 60 H
PRl , RIAR B2 TR0 SD, 405k
AG-PVPK30-SD-V . AG-PEG8000-SD-V . AG-P188-
SD-V. AG-Soluplus®-SD-V, % %5 T A 31
AG-EHIRBEW, ZHIEAAR, AR H
40 mL-min~!, #FHEE 50 °C, Z# 10 mL-min™,
Wtk A, BRI T BRI 25 SD, 43l
 AG-PVPK30-SD-S . AG-PEG8000-SD-S . AG-
P188-SD-S. AG-Soluplus®-SD-S,

Fa I AG 1.00 g FIZEARM AL 4.00 g, %
T 30%L BT, A AG-ERETR . i mfE
WARPFAR 1 h 5, FRER R TR 7R
24 ho WAERI R, BRI R T8 6 4511 SD,
53 9H AG-PVPK30-SD-F, AG-PEG8000-SD-F .
AG-P188-SD-F. AG-Soluplus®-SD-F,

2.2 YIELRA W &

KPR AG 1.00 g FIZAEM KL 4.00 g, BT
RN, BFAJE I 60 HARAET , EMSYHIR G Y.
2.3 hifg

2 1 g SD M iARE T HOCRLE R 3,
PAZS SR BT, TV SD R AR iR AR S o3
o SD MriAkite LUBURL SREE 4Rk B 50%HT
KM D(0.5)., Bk ZRE 43 IE 5] 90% ] kL
1A D(0.9), R4 D[3,2]. AR
% D[43]Fmn, Z5iRIE 1,

2.4 R, LA
HURF SD #MAZ) 1 g, i N No T 2 H &,
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R TSR B, SR T I
F AR R ALBR A A, PR AR T 2 SD
A ) R B A R R R A5 R 26 . SD AR
Lt 2% i # (specific surface area, SSA)FIfL4%(pore
size, PS):KFH BET #3145, fLIAF (pore volume,
PV R BRI, 58RI 1.
2.5 HEE

SD 53 A (1) .58 i R FH 028 B8 I e A & 4%
B 8 g IRAFERE T, KPR TR R
J1#4°8 0.134 MPa, MR HTIREI A 10, Fff
ARy 3.445 Pa-min™!, R E MR 0.05%,
SD MR FLE BN E 45 R W3R 2.
2.6 BHRMTSE

HZ 40 [t (Hausner ratio, HR)ZFEAE SD #Ak
s, B SD My iR ry R 4a B AR 2], R
FHRy AR L5 6 R PRI AN 28 T <1 A0 0K A IR R
A CHARURI BT & B N, S 1 & S

&1 SDh#AkeaE, kEMR, LERAFBILE

WA, R E, IR E(p=m/V,
Hrp, p WHEUFRE; m: BORBTE; V: BORIK
) K B I AR A B RN, PRSE
6 min, YRV HREHEERK T, FEIHREE
PR A AR, e RSC 5 B, I PRE
BEE(p o=m/Ve, H, po: WRIEE; m: K
Jiiit; Vi BRIRSE AR . HR ARHE A (D)5
SD MM ARFARUR T | PR e HR £508 L3k 2.
HR=AA U B IR S 5% B (1)

2.7 R R E R

SR FH 2l 7 32 R AE o A P 1 D 1 R %8 PR B
A& 120 mg, 7£ 200 MPa JEJ3 FJEHl 60s, Ht
WOHCE 24 h 5, SR R G A o DU S
E SD M A2 fil fA (contact angle, CA). &
AL 25 °C, FHEE 0.1 uLomin~!, £ A
2 0.41 mm, £F4ME 0.72 mm, &F3E S ER 04 B
5 0.50 om0 25 SR L 2.

Tab. 1 Particle size, specific surface area, pore volume and pore size of SD powders

e D(0.5)/pm D(0.9)/um D[3,2]/um D[4,3)/um  HLRIGEY/m?-g ! Mfﬁ: _11073 fLA%/um
AG-PEG8000-V-SD 97.934+134  275.968+1.07 37.195£1.11  124.207£1.04 0.5773£0.016  0.849 +0.12 58.859 2+1.16
AG-PEG8000-S-SD 39.424+121  146.912+1.01 24.508+1.10 64.715+1.02 0.368 1£0.006  0.475+0.11 51.647 8+1.26
AG-PEG8000-F-SD 11.096+1.04 41.783+1.10 7.787+1.01 17.786+1.14 0.518 5+0.01 0.607 +0.12 46.829 2+1.23
AG-PVPK30-V-SD 179.630+1.06  384.175+1.21 65.558+1.05  199.36+1.21 0.380 7£0.013  0.442 +0.10 46.419 7+1.32
AG-PVPK30-S-SD 4.786+1.21 50.990+1.24 3.715+1.06 21.258+1.15 2.8070+0.015  2.635+0.13 37.552 3+1.04
AG-PVPK30-F-SD 15.758+1.00 51.073+1.02 9.238+1.04 24.420+1.01 3.624 1£0.017  0.432£0.15 32.162 4+1.06
AG-P188-V-SD 185.186+1.21  410.450+1.14 64.869£1.02  207.473£1.20 0.228 9£0.012  0.327 +0.14 51.107 8+1.07
AG-P188-S-SD 134.319£1.14  265.452+1.16  151.212+1.14  304.757+1.17 0.116 4+0.01 0.109 +0.60 37.473 6+1.14
AG-P188-F-SD 18.3811.17 50.755+1.18 10.665+1.13 23.968+1.16 2.104 3+0.00 4.703 +1.30 89.401 5+1.31
AG-Soluplus®-V-SD  221.225+1.08  422.492+123  102.523+1.10  237.755+1.13 0.143 £0.019 0.209 +0.14 58.484 1+1.08
AG-Soluplus®-S-SD 7.464£1.01  230.398+1.03 5.963+0.12 56.213+1.10 1.229 4+0.06 0.337 £0.12 42.325 0+1.17
AG-Soluplus®-F-SD 22.202+1.10 58.678+1.06 11.796+0.23 27.983+1.23 1.899 3+0.07 3.441 +1.0 72.473 2+1.24

<2 SDHMEWMEFE. sk, HE®AREN

Tab. 2 Density, fluidity, wettability and hygroscopicity of SD powders

ry s FAHUE I /g-mL! PR /g-mL! B /g mL! HR CA/(°) ki ks

AG-PEG8000-V-SD 0.458+0.003 0.710+0.006 1.25140.021 1.55£0.021  22.85+123  0.015  0.256
AG-PEG8000-S-SD 0.349:£0.002 0.509+0.013 1.248+0.013 1.46£0.023  37.1£1.32 0270 0.054
AG-PEG8000-F-SD 0.028+0.004 0.106+0.017 1.346+0.016 3.80+0.019  35.5+1.42 0.170  0.171
AG-PVPK30-V-SD 0.550+0.006 0.734+0.006 1.225+0.010 1.30£0.015  23.2+1.36 0.044  0.134
AG-PVPK30-S-SD 0.246+0.002 0.417+0.003 1.22540.001 1.70£0.032  44.8+2.31 0.494  0.059
AG-PVPK30-F-SD 0.035+0.003 0.061+0.003 1.263+0.004 1.73+0.014 14.5+1.65 0.044  0.712
AG-P188-V-SD 0.458+0.009 0.612+0.002 1.191+0.002 1.34£0.025  21.7+1.43 0.037  0.599
AG-P188-S-SD 0.429+0.007 0.569+0.009 1.194+0.018 1.34+0.031 32.5+1.21 0.084 0374
AG-P188-F-SD 0.067+0.005 0.117+0.005 1.231+0.016 1.74£0.003  39.3+2.10 0.186  0.186
AG-Soluplus®-V-SD 0.444+0.002 0.563+0.004 1.182+0.010 1.27+0.009 50+1.76 0.030  0.391
AG-Soluplus®-S-SD 0.179+0.004 0.313+0.003 1.192+0.005 1.74£0.007  34.1x1.36 0373 0.035
AG-Soluplus®-F-SD 0.043+0.005 0.073+0.003 1.213+0.007 1.72£0.026  39.1+1.49 0246  0.134
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9 100%, HRIEA(Q2)IH5A SD 1 AG HIAHXS 4 i
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S, SRIE RS AL R R 25 A 24 i PR ik
wAET, WERE I A IR 40£2)C, HH
X (75+5)%, T4 30 K, SRA XRD kil
SD H' AG HYAHXT4S B .

211 SEitordr

FH PCA ZpHr A SD BUMMA~#PERT, PLS
A7 SD R sE T 5 H 4 Sk AR TP AR X 2
JE PR AR e o
3 Z#R5R
3.1 HHRR TS
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4y SD By A HR EH39>1.3 3 &t F il £ SD
¥y R BRI AR L BULAEROR Z ], 8/
AR SD BMA IR SRR
3.2 Wi
SD AR ULIE 1, HIERT L, PR f
SD A AT E I 5E 1IN 1] 7 B PN (144 h) X383 T I3
A o SR HTBUR BT (7 3) XA ity IR pih 2
a1,
F=f-aeH10—pe(2) (3)
Horbr, F 2y SD RMARTEAN [ ) s (14 W0 44
fRTARIR AR, ke T R R, k2
B R H AL, a b SRR SR E i 2 REU(R?)
5% 2557 J5 Fl(residual sum of squares, RSS)PEA A5
RIFIAROR . WEERILE 3,
10 -
—&— AG-PEG8000-SD-V
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Fig. 1 Moisture absorption curves of SDs

=3 SDRIEBHEAHMNEEE

Tab. 3 Fitting results of SD moisture absorption curve

. MUESH .
FE —t RS BT Jy 7
R? RSS

AG-PVPK30-SD-V  0.999 0.040 F=9.319-3.578¢ 0:044 — 5.745¢ 0134
AG-PEG8000-SD-V  0.990 0.026 F=2.044-0.602¢ 00151 427¢0-25
AG-P188-SD-V 0.996 0.009 F=1.864-0.92¢0-937-0.948¢ 059
AG-Soluplus®-SD-V  0.997 0.034 F=4.002-0.22¢ %03-3.796¢ 031
AG-PVPK30-SD-S  0.997 0.164 F=8.679-3.078e 0-494-5.572¢ 0-05%
AG-PEG8000-SD-S  0.988 0.026 F=1.692-0.955¢0-27-0.753¢ 0054
AG-P188-SD-S 0.997 0.001 F=0.61-0.207¢0-984_0.406¢ 0374
AG-Soluplus®-SD-S  0.995 0.039 F=3.774-2.582¢ 0373-0.965¢ -0
AG-PVPK30-SD-F  0.999 0.003 F=2.989-0.517¢ 00442 472¢0-712¢
AG-PEG8000-SD-F  0.949 0.003 F=0.273-0.084¢%17-0.202¢ -7
AG-P188-SD-F 0.955 0.001 F=0.199-0.096¢ *!86:-0.096¢0-18¢
AG-Soluplus®-SD-F  0.998 0.010 F=1.134 —0.547¢ 0-24¢" — (0.573¢ 0134

i 3 nIAEH, 12 Ff SD AR I #h £k XX
BRI R2H19>0.949, I H RSS {li#4<0.2,
VLR RS B R GE At b e m SD R AR (1) g
BATH
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2 SD # XRD [ ¥
Fig. 2 XRD patterns of the SDs
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Tab.4 Relative crystallinity of AG in the SD %

B RC-0d RC-30d RC HIHEAN{E
AG-PEG8000-V-SD 30.8+1.1 44.8+1.3 14.0
AG-PEG8000-S-SD 18.3+0.3 27.1+0.7 8.8
AG-PEG8000-F-SD 9.4+1.5 19.3+1.9 9.9
AG-PVPK30-V-SD 43.0+2.5 80.6+£2.3 37.6
AG-PVPK30-S-SD 0 39.5+1.9 39.5
AG-PVPK30-F-SD 0 38.8+0.9 38.8
AG-P188-V-SD 34.6+1.2 56.9+1.1 22.1
AG-P188-S-SD 30.3+1.2 44.1+1.5 13.8
AG-P188-F-SD 12.4+1.7 34.4+1.7 22.0
AG-Soluplus®-V-SD 0 43.8+1.3 43.8
AG-Soluplus®-S-SD 0 28.1£1.2 28.1
AG-Soluplus®-F-SD 0 28.4+1.2 28.4

ML 2 FiZk 4 AT UE T, BT EEfl 250 12 Fh
SD #, AG 7£ AG-PVPK30-S-SD, AG-PVPK30-
F-SD, AG-Soluplus®-V-SD, AG-Soluplus®-S-SD,
AG-Soluplus®-F-SD H A2 ToE LA FEHRME M
HHIET UL AG BURRIERTS I, (H AG HYARXT 25 5
¥1<45%, BIAEIXEE SD i AG DIFAr ik . #
S TCEIE BAFAE o TETRIE A (40£2) C FAHXHE L Ky
(75£5)% 214 F s 30 d J5, 12 Fh SD i XRD &
T FP AT AT UL AG RRFIEAT ST , SD Bk AG
FARE X445 it B2 1 AN ()R 3 1 S S e
3.4 PCA

KA PCA Xf SD Wk k&t i A 0 #r, I
PECF A 2324, DLR A A SRR AR B BT kR hy 3
T Vv o =)' e 95,00 s TR ) B GE S R (T = BRI SRt
T EIRRHAR TS WL FE 5. 45 1 FESHPCL). 4 2
F(PCMEE 3 E s (PCI) AR AS 1 I RE T
AR 49.3%, 16.3%H1 11.4%, i 3 WMo
FAs R RE S0 BN 77.0%, T HLET 3 A M
PRI 50 5.91, 1.96 Fi1 1.37, ¥1>1, &5
TRk, ik, FrHREET 3 A FBrEA R
U RAR T AR I E T .
=S5 AT PCAMH¥EANE

Tab.5 Mathematical model construction based on PCA
F Y FRAFAR AR RS B (R2X) a4 EEUYR AR 2 (R2CUM)

1 591 0.493 0.493
2 1.96 0.163 0.656
3 1.37 0.114 0.770

45725 B o A T B B e R A R 1 i 8 1] DL
Pl 3, ACEE AR R B AR % 32 o3 DR (B R
& 3 A, PCI Al PC2 4 E B AUSHERARITE N2
BIHFEMIEM B, PC3 B AR IR IE IR
SHL2)FER TN S HU(CA).
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