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Abstract: Objective To clarify whether the combined use of sodium dodecyl sulfate (SDS) and hydroxypropyl methylcellulose

(HPMC) can improve the dissolution behavior of baicalin-imperatorin co-amorphous system (Bai-Imp-CAS), and explore the

RS EHER: 2026-04-16

EEWB: ExARRIEEETITE (82160751); VL7425 K5 s 25 I £ A& BT 5 # L HIA (CXTD22006)
TEEEN: sl (2001—), Z, WiLFseAd, W Ry 25255, E-mail: 1613509138@qq.com

HEEEE: BIER (1967—), B, #i%, B4, WA, A 251 &AL . E-mail: lyzlyg@163.com



- 7272« PER 2026£9H B57% B 18  Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 18

mechanism of combination benefit. Methods A series of Bai-Imp CAS with different ratios of SDS and HPMC were prepared by the
spray-drying method. Powder X-ray diffraction (PXRD) and differential scanning calorimetry (DSC) were adopted to characterize the
solid-state properties of samples. Dispersion performance was evaluated by determining caking rate and dispersion time, and wettability
was analyzed via contact angle and surface free energy measurements. The optimal ratio of SDS to HPMC was determined based on
dispersion performance. According to the requirements of the 2025 Edition of Chinese Pharmacopoeia, the in vitro dissolution of the
optimal SDS/HPMC (2 : 1)-CAS was investigated and compared with those of SDS-CAS and HPMC-CAS. UV-visible
spectrophotometry was used to detect the nucleation time and crystal growth rate of the two drugs. Results  All spray-dried products
were identified as co-amorphous systems. The caking rate of SDS/HPMC (2 : 1)-CAS was (15.30 + 1.55)%, which was significantly
lower than that of single excipient groups. There was no significant difference in dispersion time between SDS/HPMC (2 : 1)-CAS
and SDS-CAS. The water contact angle of SDS/HPMC (2 : 1)-CAS was 24.23°, with a surface free energy of 57.54 mJ/m?, indicating
favorable wettability. The in vitro dissolution results showed that the area under curve (AUC) values of baicalin and imperatorin in
SDS/HPMC (2 : 1)-CAS were (38 661.00 = 375.32) and (4 565.00 + 434.65) pg-h/mL, respectively, both significantly higher than
those of SDS-CAS and HPMC-CAS. The early dissolution profile of SDS/HPMC (2 : 1)-CAS was similar to that of SDS-CAS, while
its dissolution decline rate in the middle and late stages was consistent with HPMC-CAS. Crystallization kinetics demonstrated that
HPMC alone or combined with SDS could inhibit the nucleation of the two drugs and the crystal growth of baicalin, but exert no
obvious effect on the crystal growth of imperatorin. SDS had no significant influence on the nucleation and crystal growth of both
drugs. Conclusion SDS/HPMC (2 : 1)-CAS shows the best dispersibility, and SDS and HPMC can jointly boost the dissolution of
both drugs. The mechanism works by sequentially complementing each other's functions to improve the dissolution of Bai-Imp-CAS:
SDS mainly drives fast initial dispersion and prevents aggregation, while also indirectly inhibiting crystallization by lowering local
supersaturation; HPMC directly inhibits crystal growth during the mid to late stages of dissolution. Together, they create a combined
“indirect and direct” effect on crystal inhibition, helping to maintain a supersaturated state. This strategy offers a fresh approach for
designing co-amorphous systems for poorly soluble drug combinations, and it can reduce the amount of SDS needed, giving a “less is
more” advantage for clinical translation.

Key words: co-amorphous system; dissolution; combination benefit; sodium dodecyl sulfate; hydroxypropyl methyl cellulose;

baicalin; imperatorin; spray drying method; caking rate; dispersion time; contact angle; surface free energy
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LR s ophAs i SDS 8¢ HPMC FAIFF0#H Eeito-1,
AR X HTET: OE K SDS Al HPMC [F#}
FI N\ Bai-Imp-CAS, RZ XU EH A& 1 S ng i ]
1T @FT Bk Redm it if e ikl tu g, F- Mo
B REFN GG I e 2 NERE, RGUAT AU R A
o CAS i H I N ZENLA .

1 {EEHH

1.1 Y&

BAS124S BT R, F82 FIITRH AL
AIRAF]; B-290 BN ML, Hit Biichi
AH]; Oxford Diffraction % X HHRATHAL, HA
Rigaku A#]; Diamond DSC A Z /R &R
1%, &M PerkinElmer A #]; Genius 3 B &
%, 1H[E IKA £, ZRS-8G FUE R AL, K
TR KR KB ARAT; Agilent 1200 =34
WA G, SEE 2SN T, THZ BEERRIK,
g ERPEEAE A R A F] s ZNCL-BS23 B30T 1%
JITEFERS W AR B S A IR AR s OCAS20
BRI 42 Al ff M 224X, 48[ Dataphysics A ] .
1.2 #H

JERIZG S (S AF21021101). BRATHI
(#t5 AF21100901), J5i 545> %0354 98.0%, W H ik
ERIRVEAE DRI A PR A R 2ifhK, Milli-Q /K4t
RE AR SRS ESE (IS B20570). KKATHIZR
(fit5 B20929), HPLC Ml i &7 35 =98.0%, )
H BT AR AR A A HPMC, FiE 40~
60 mPas, #it'5 FO306A, M H KELCEMHEARE
FRAT]; SDS, #t'5 20201014, k24l W H EH24%
HFAFIA R AR HEO GG, 19E w0k
WRERARA R AF s HARR o frat.

2 FAEEHR
2.1 YEREMRHETERRGHTZ

R ELE 8 1 1, KEEFREE 100 H i1 35%
X (66.10g) SRKETEHER (5.002) P, RHEE
IR A AR A E Y EIR A Y (physical
mixture, PM), H—E=H PM V58514, 7
IR 2 Skl R 10 1 1001, i AR TH
EE 451 SDS A1 HPMC, B RN SDS ) PM, It
IKCEE-HEE (10D BB A R, R4
3% HPMC HJ PM, INJG7K - - S e (T -
1:0.5 Hiff. SHEWAR ST, #1115 5 77 Bai-
Imp ] CAS, Zpilfr44y SDS-CAS. SDS/HPMC
(2 : 1)-CAS. SDS/HPMC (1 : 1)-CAS. SDS/HPMC

(1 :2)-CAS. HPMC-CAS, BT T g h #1745

WS TR &M ZUARNESR, FHET 0.2
MPa; IHEEIHEARFE 8.4 mL/min, &SR
40 m¥h, FHOREERE N 60 C.
22 BEEZHMREARMEENEHE
2.2.1 HPLC % fF  ikHA Hypersil ODS2
(150 mmX4.6 mm, 5 pm); FETFRBIAA HEE-
0.2%ME /KIEIR (47 @ 53), Kl Ky 288 nm;
KR ETEH R AIAH N I EE-7K (65 & 35), taillikKH
250 nm; AR RN 1.0 mL/min; #£i7 30 °'C; #F
FEE 10 pLo
222 EEFH. BRATHHZOC IR SIERH% 4
K5 5 FREUEE 256 I 5 20 mg AR AT 50 2565 1 5 10
mg, BT 25mL &, HEER, BRI
KK AT #H 2% 0 HE AT R
223 BEASIERIEI & TV H SR IR E I [R]
R mL A8, BT 0.22 pm JEMEERT, Hus:
Ve, SRR W REE UM R GRS 3 M FE,
RRATEAZ S 2 R Ja, RP7A A i
224 EPEEREAEIRSFE  FEERE “2.2.27 i
TSRS RN T 20 R AV 4 80% FH
R S A R A [ o A T R VAR, 4%
f8 “2.2.17 TN HPLC 2RI LG
B NBEALER (XD, X RIFIE TR AR (V),
BT, 13 2 FRE fh 28 (=) 7 F2 2 0 o s 55
1 Y=34.618 X—228.73, R?=0.999 6; MK # & Y=
26.317X—4.678 6, R*=0.999 8; 45 FLKH, WEIF
£ 25~800 pg/mL. FRKAETHIEAE 3.125~100.000
ng/mL VAR 5 R IR B C R R AT
2.3 TIEFE L RN

KH (FPEZG ) 2025 FERGEN] 0931 ¥4 HE
55RO I e v 3 — 3R e R S BV Y, Dk Sk
BRemEH, SRS 80 Hif. &EHL 100 mL &
JB AL BR (7K BTV AR, DA A DR
£ (37.0£0.5) °C, FFHERH )y 100 r/min. 437
BN 0.1 g HISFEM, SEEDIFUReRL it i, £l
B[] 25 20 1 mL BE S, RIS AR RIEA .
it 0.22 pm JEEIE, SR R f K H HPLC
EE R, DA R REAAAR, IR
AL FRZ I 2R, I B BRI v B R - ()
2k N A (area under mass concentration-time curve,
AUC).

B PRSI 2 LA 1. BT IR
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1 BHERPESH6hRHH#L (Xts,n=3)
Fig. 1 6 h Dissolution curves of baicalin in each sample
(Xxs,n=3)

BE257 HREERT 15 min ETF, 2 ke T H5
ERRFERY T, 5 aTHAHRIE — 200, 3 F CAS B2
“ORTE-RIEAR” FFIE. HPMC-CAS 354 {E 0~
45 min ¥ H T2 IE(E 126 pg/mL, B 52208 TR,
A5 T HHRGE — 2 (T 150 pg/mL) U1, {HIE
fHEAK. SDS-CAS H%1F, 7E 5 min HJIA 2| E(E
147 pg/mL, BEJ5 5~45 min POE N, JEiZEE,
&5 A A HRIE — BOE B CHT I 248
ng/mLI9) . SDS/HPMC (2 : 1)-CAS X TE 0~
45 min 4k ETFE (Y 157 pg/mL, BEJG 2208 R %,
7E 5min I, SDS/HPMC (2 : 1)-CAS & B &1 T
HPMC-CAS, 5 SDS-CAS #%i1; £ 5~45 min,
SDS/HPMC (2 : 1)-CAS 5 HPMC-CAS —FkfE4k%E I
Th, WA RE T SDS-CAS;: fE 45~240 min,
SDS/HPMC (2 : 1)-CAS ] 414 & 5 HPMC-CAS
%, 18T SDS-CAS £ 5~45 min [ FRE#EZ,
240 min 5 =FHETRE. AUC Mg R (& D
P78, SDS/HPMC (2 : 1)-CAS &3 5T 2 Rl diikl
CAS (P<0.01), JGMEE LRI %27
R it TR KT EH 2 BV 2R LA 2. RRATEA
=1 EHERPESHALMAUC(Xts,n=3)
Table 1 AUC of baicalin dissolution from various samples
(X+s,n=3)

FE it AUC/(pg-h-mL™)
TS R} 2 16 676.66+1 350.19
SDS-CAS 32201.00+£674.64
HPMC-CAS 31797.33+2521.56

SDS/HPMC (2 : 1)-CAS 38 661.004375.32%¥

5 SDS-CAS Lh#: #P<<0.01; 5 HPMC-CAS Lt#: ¥P<0.01;
*£2[H.
#P <0.01 vs SDS-CAS; ¥P < 0.01 vs HPMC-CAS; Same as table 2.

2 BHMETEERAE 6hiFHHEZ (X+s,n=3)
Fig.2 6 h Dissolution curves of imperatorin in each
sample (X + s, n=3)

FIERLZ] 45 min TR, 45 min J5IEWHE N, 6
h ik 6 pg/mL, HHiHHHRkIE Y, SDS-CAS HRk
ATEHZRTE 5~10 min I EFF, 10 min B A 2L
19 pg/mL, BEJ5IRGE FF%, 120 min % 8 pg/mL J5
L%, a5 R IRIE — 810, HPMC-CAS HERH
BHZRAE 0~360 min #7482 T, 0~60 min b THEER,
JEAR NS, SRTRE —(1, SDS/HPMC (2 : 1)-CAS
FHIRRATEHZ7E 10 min A 0E(H 21 pg/mL, BfJ5 10~45
min I FE, K558 N, £ 5~10min, SDS/
HPMC (2 : 1)-CAS HFRHTHH 27 H B T HPMC-
CAS, 5 SDS-CAS #%it; £ 10~45min, H FFF#E
[ 5 SDS-CAS #H2%4; 45 min J&, HH FRFERET

SDS-CAS, Z#i%Eir HPMC-CAS. AUC 73 Hrék
(£ 2) fRr, SDS/HPMC (2 : 1)-CAS ®B&&m T 2 fh
HAfRl CAS (P<<0.01), JEHEELES I FER.
F*2 EHRPRREHARBLN AUC(Xts,n=23)
Table 2 AUC of imperatorin dissolution from various

samples (X £ s, n=3)

FE b AUC/(ug-h'mL™")
WK HIT A 2R 5 k] 24 1378.00+82.81
SDS-CAS 3 663.00+74.51

3 484.671+64.05
4.565.00+434.65"*¥

HPMC-CAS

SDS/HPMC (2 : 1)-CAS
2.4 CAS WEZRSFRIE
241 BAR X AT (powder X-ray diffraction,
PXRD) JAFRAEFESFFAE B “2.37 WU RIFH 6 h i
VI 40 C T4 1.5h A “2.17 T RAES,, {3
X SFHERATEGEAT I, WA 1E: IR Cu
Ko $1£k, HE 50kV, & H 1.0mA, 5K 0.02°,
B 10s, FRTEHE 205°~45°, 453 (& 3) &R,
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a- B H R 2 b-WCHT S & E R 2 c-PM; d-SDS-CAS; e-
SDS/HPMC (2 : 1)-CAS; -SDS/HPMC (1 : 1)-CAS; g-SDS/HPMC
(1 :2)-CAS; h-HPMC-CAS; i-SDS/HPMC (2 : 1)-CAS (i#H! 6 h);
j-HPMC-CAS (& 6 h); k-SDS-CAS (%t 6h); K4 .
a-baicalin bulk drug; b-imperatorin bulk drug; c-PM; d-SDS-CAS; e-
SDS/HPMC (2 : 1)-CAS; f-SDS/HPMC (1 : 1)-CAS; g-SDS/HPMC
(1 7 2)-CAS; h-HPMC-CAS; i-SDS/HPMC (2 : 1)-CAS (dissolution
for 6 h); j-HPMC-CAS (dissolution 6 h); k-SDS-CAS (dissolution 6
h); same as figure 4.

3 &ZHmAY XRD
Fig.3 XRD of each sample

CAS R4 EURECIRATH R, BT FIBRHTHH 2 A&
HPM. “237 TR 3 Ff CAS fk RiAH 6h HIFE S,
94 AN R R FE () dl AR AT 56 i, SDS/HPMIC (2 & 1)-
CAS 7£ 20 2 29.5°4b K HHL SDS-CAS 1 HPMC-
CAS ¥ WRHEATS I (B 3 i Sk ).

242 ZoRHffiE#(differential scanning calorimetry,
DSC) 4 R ZERFI I BT O &R ik
FTHAT I, BUSFE L) 5 me T TR AR
W, naEs, FANRPS, AARRES 10 mL/min,
FHFEHEAF 10 “C/min, M 30 CTHRZE 250 C, Hi
H Netzsch Proteus #4HT 0 4F (Version4.2) AbFE.
21 (F4) E7x, PM ) DSC BI7F 213, 101 C
T 1R ARSERRIE, 23 5] B3 B AR AT A 3R
(R FAks Rl ; SDS-CAS SDS/HPMC (2 :© 1)-CAS.
SDS/HPMC (1 : 1)-CAS.SDS/HPMC (1 : 2)-CAS &
HPMC-CAS & 2 7 HI7E 56.07. 58.18+ 59.40. 60.80
60.96 Chb, UH I B —H I REE (glass
transition temperature, Ty), BEJ57E 160 CZA4 H I
T UANRIE, $EIRAE 160 °C H ILE 45

2.5 SEUERETEM

251 ZEHRFRIEG OB “2.17 TUMHMRERE (m),
IOANTER 37 “CHY 25 mL KA, BEJIHEEERS LA 100
r/min A EHEFE 1 min, FE 10 min f5id 20 H K,

a J‘ /\/_\
N\_——

b
c —_—__#

7,56.07 C

7,58.18 C
e Y

7,59.40 C
f—

7, 60.80 C
. .

7, 60.96 C
h

50 100 150 200
7/°C

4 FH&EH DSC
Fig. 4 DSC diagram of each sample

Hptve THEE BB Gz KL (m) H, 105 CT
R E TR (m), AT E SR
FIFEACZRNG], G55 (£ 3) £, FE SDS g/
A HPMC HIFtm, Sidddamib, SREHm, L
HPMC-CAS Jy%EiE, SDS-CAS. SDS/HPMC (2 : 1)-
CAS. SDS/HPMC (1 : 1)-CAS. SDS/HPMC (1 : 2)-
CAS ZEHLZ 3 HIBAK 38.48%. 53.64%- 34.03%-
6.67%. Hr1, SDS/HPMC (2 : 1)-CAS &k
ik, HPMC-CAS it m, SDS-CAS iz
%, SDS-CAS MR B E KT SDS/HPMC (1 :
2)-CAS. HPMC-CAS, SDS/HPMC (2 : 1)-CAS 5tk
REFEICT HAR 4 7 CAS.

ZEHRER = (m2—m1)/m

GE R ERZE =(HPMC-CAS 5% — 23l kE i 45 1
#)/HPMC-CAS %53 %
2.5.2 S ETTRIVESY  H 217 BURN K REE, AN
A 37 CIEIRI 25 mL 7K A, B T-0 /134 B 300
r/min [ ZEBEHE, 1SR A MK T 217K H 1) 43 B
07, 2558 (R 4) IR, ZrHUsEIBEAE SDS (195

F=3 SHERMERE (Xts,n=3)

Table 3 Caking rate for each sample (X +s,n=3)

FE A FR SEHRE /% FEA%2E/%
SDS-CAS 20.30+3.86 38.48
SDS/HPMC (2 : 1)-CAS  15.30+1.55% 53.64
SDS/HPMC (1 : 1)-CAS  21.77%3.52"* 34.03
SDS/HPMC (1 : 2)-CAS  30.80+1.71%"@@ 6.67

HPMC-CAS 33.00+3.1#"e@@ -

£j SDS-CAS Lhfg: #P<<0.01; 1t SDS/HPMC (2 : 1)-CAS Lh#4:
*P<0.01; 5 SDS/HPMC (1 : 1)-CAS Eb#: @@p<0.01.

#P <0.01 vs SDS-CAS; P <0.05 P <0.01 vs SDS/HPMC (2 :
1)-CAS; @@p < 0.01 vs SDS/HPMC (1 : 1)-CAS.
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x4 BEMBISTEETE (X+s,n=3)

Table 4 Dispersion time for each sample (X + s, n=3)

FE i K gy B 18]/ PSR/ %
SDS-CAS 9.30%0.79 68.85
SDS/HPMC (2 : 1)-CAS  11.48+2.41 61.55
SDS/HPMC (1 : 1)-CAS  14.78£1.66" 50.50
SDS/HPMC (1 : 2)-CAS 20.61%1.88"@ 30.98
HPMC-CAS 29.86+2.20M" @ss -

5 SDS-CAS h#:: #P<<0.01; 5 SDS/HPMC (2 : 1)-CAS LL#4:
*P<0.01; 5 SDS/HPMC (1 : 1)-CAS tbE:: @P<0.05 @ep<
0.01; 5 SDS/HPMC (1 : 2)-CAS tL#%: 4p<<0.01.

#P < 0.01 vs SDS-CAS; ™P < 0.01 vs SDS/HPMC (2 : 1)-CAS;
@p <0.05 @@p<0.01 vs SDS/HPMC (1 : 1)-CAS; &P < 0.01 vs
SDS/HPMC (1 : 2)-CAS.

/BT HPMC [T i sy, BL HPMC-CAS My 5EHE,
SDS-CAS. SDS/HPMC (2 : 1)-CAS. SDS/HPMC
(11 1)-CAS. SDS/HPMC (1 : 2)-CAS. 73t} a) 4
HIFEME 68.85% 61.55%-+ 50.50%- 30.98%. SDS-
CAS )4y B [T SDS/HPMC (2 : 1)-CAS, 1H
Lgiit e 2R, WEMT HA 3 M CAS; SDS/HPMC
(2 © 1)-CAS 173 #8225 K T SDS/HPMC (1 - 2)-
CAS CAS #1 HPMC-CAS, KT SDS/HPMC (1 :
1)-CAS, HESuH% 5.

73 BN 8] FRAG 2R = (HPMC-CAS 3 BN 6] — 23R
23 BT 18]/ HPMC-CAS 43 8t a]

253 MR E HBETHE RS RICEIL R
SETERAR 120 mg, Hfvo KRR 54 A £ 0 &
A B ST T R G RIS IRENRAAR K . it
e, =B, &0 IR 25 °C, Wik
AR E 0.1 uL/min. KA SCA20 FFREAEFSRE
filffy, ARIEIRENRARIEER > ESEAEH Lewis
acid-bace (LW-AB) %454 Young’s J7FEUSIHE
FI TR E HEE.

Pe= VsLW+ VsAB — VSLW + Z(Verysi) 12

n=nY P =V 2 (i)

yi= [P 2 — (W) 2124 2[ (5 5) 2+ (i) 12—
sy — sy

VICOSO=Ys— s

(1 4-cos0) =2[ ("7 E) 2+ (75T y) 24 (ps i) 1]
Yo ARSI E e, ys ABMARTRE, y o AMIERTIK ST
CRIEBE), 0 AL R /A, ™ NIEmbE s
&, PPN R, N TR S, N T MA S R

el I E 45 5 (£ 5) TR, SDS/HPMC (2 :
1)-CAS 5 3 Bl i /1 35 /N T- 42 2 B CAS.
FET b A BE T E R H HAE AR 5, 45 %
7, SDS/HPMC (2 : 1)-CAS I H H At & w1
SDS-CAS, i SDS-CAS [ H At & & m T
HPMC-CAS, #2275 SDS Al HPMC It & 1] LAFEAIk CAS

x5 BEHRSTERFNEMAREREBMHE (X+s,1=6)

Table 5 Contact angles of various samples with different liquids and their surface free energies (X £ s, n =6)

i B AI/C) Fl E A/
" K il U (mJ-m?)
SDS-CAS 30.60+1.65 67.23+1.26 25.70+0.38 51.3140.34
HPMC-CAS 56.83 +1.40" 76.57+1.20% 36.90+ 1.64" 38.31+0.66"
SDS/HPMC (2 : 1)-CAS 2423 +(.83¥ 53.60+2.45%% 16.60 +4.62## 57.54+0.55%"%

55 SDS-CAS [h#: #P<<0.01; 5 HPMC-CAS thig: ¥P<<0.01.
#P <0.01 vs SDS-CAS; ¥P < 0.01 vs HPMC-CAS.

(B A FO3E N R SR T H Hfe

2.6 SDS 1 HPMC B & X B S H MR AT RE &
4 BE RO 2T

2.6.1 SDS 1 HPMC A X 15 %5 1 AR AT 50 26 Al
WIS ARSI 38 “2.17 T5F R B A3 ) 4% 2 A [
ttf5] SDS F1 HPMC K& 2590154, H 2% DMSO
AR, IS A, I RS RN S RIRR
R Z 2 IR S 2051008 204 5 HISEE . WRATHA
FI AT O S SR A AT L A3 T
FAE A=500 nm CIEMRISCE K T BIE i 21k,
HEIAIRE 20 s WU 1 IRMROBRE (4D, F#ZE1 he 4

AMBE-IF AT 2R, DL A (EBER (AR 2 AR 2R
P DI [ U 28 1958 e A A I T 09T, AR P % A
K5, g5 (k6. 7) BoR, SDS X8 %F AIRK T
AR AL I R G252, SDS 5 HPMC BEA
Al B A A AR K R O O R, TR RN
HPMC % 35 % H MR AT HH R 7K P Rz A
2 A HIE R o
S=C/C"

C*ZAE 7 2% DMSO FIZK Al 2 ) i B, C A
R T 7 3 MR KT B 4 244 DMSO S8 A K J 55
B R B
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(235.55+13.88) s

0 b
0 150 300 450
t/s
b 2.0
15
290
~
05
(306.70£11.55) s
0 p
0 150 300 450
t/s
¢ 006
0.04 4 -
P (342.1649.33) s
= :
A
0.02
0 ‘ — .
0 200 400 600
t/s
d
0.06
| (381.07%26.67) s
0.04
@
~
0.02
0o = . : .
0 200 400 600

t/s
a-# B +SDS/HPMC (2 & 1); b-#EH +HPMC; c-RKHT#IE +
SDS/HPMC (2 : 1); d-BRA{#% +HPMC.
a-baicalin + SDS/HPMC (2 : 1); b-baicalin + HPMC; c-imperatorin +
SDS/HPMC (2 : 1); d-imperatorin + HPMC.

5 SEHTRSEHMEBTHRMMAAEE (X+s,n=3)
Fig. 5 Nucleation time of baicalin and imperatorin under

supersaturation (S) (X £ s, n=23)

*6 SFEHTERZHHMZHNBMBEEKER (X5,
n=3)
Table 6 Nucleation time and crystal growth rates of
baicalin under S (Xt s,n=3)

2 S U A A K /5!
HSIFERIZE 20 125.0047.23 -0.009 5+0.000 9
HXAF+HSDS 20 103.00+9.54 ~0.008 94-0.000 8
WETF+SDS/ 20 235.55+13.8855#  —0.007 10.000 65

HPMC (2 : 1)
W -+HHPMC 20 306.60 % 11.5755%* —0,006 740.000 35+

HiEBAFFRIZ . $P<0.05 $5P<0.01; 5% 4SDS Lk
e *P<0.05 #P<0.01; 5% +SDS/HPMC (2 : 1) Hh#k:
*P<0.01.

$P<0.05 %P <0.01 vs baicalin bulk drug; *P < 0.05 *P<0.01 vs
baicalin + SDS; **P < 0.01 vs baicalin + SDS/HPMC (2 : 1).

®7 S FMHTERATAA R AR EI R &R iR KR SR
(Xts,n=3)
Table 7 Nucleation time and crystal growth rates of

imperatorin under supersaturation S (X £ s, n=3)

241 S Rl SRR
KRS RERIZS 5 302.22+4.30 0.001 2+0.000 2
KKET#HIZE +SDS 5 297.79419.66 0.001 140.000 1
KKATHIZE +SDS/ 5 342.16+9.33% 0.001 340.000 3

HPMC (2 : 1)

RKET#HIZE +HPMC 5 381.074+21.675% 0.001 5+0.000 4

SRRATHA 2R ERZG L SP<<0.05 $P<<0.01: S5EKAT#I % +SDS
P 7P<<0.05 "P<<0.01; HWKHETHIZE +SDS/HPMC (2 © DL
. "P<0.05,

$P<0.05 %P<0.01 vs imperatorin bulk drug; “P<0.05 #P<0.01
vs imperatorin + SDS; *P < 0.05 vs imperatorin + SDS/HPMC (2 : 1).

2.6.2 SDS Fl HPMC &% 3 25 AR T A 2% 1
ARKERN I R — e 2K, H0E
(37.020.1) “C. 100 r/min HIHRZ/KIE T, FIE
S 435N S F 20, 43 5P <2.6.17 T (1254 DMSO
WM EIHEC R, JRA 30s 5, IAMSTHE
AR 5%105d 60 H 8 21, KRRt R Rkl 25
R fARh120, 43 57 B g I TE] A BORE 1 mL, 0.22
um FlFLIE R E I Bk 2o 45 iU, 18 SRR e, LR
AT WA S EETHE Amax AEXSRE SO FEAT 2347 o
PLSZEGTF 46 30 min [X) A (B 18] 1 28 R R0 &
PR K R0,

REMEEE W 6. 258 (R 6. 7) KW, SDS
R IS SR 558 R0 RR I 2R 0 A AR K
B HPMC DA SDS 5 HPMC BE4, Hym] B 240
BB S AR AR KO 2R, H 2 Pl EX R AT B 2R
(1 i PR 2 K R 38 T B R R
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0 —=— WHIF+SDSHPMC 2 : 1)
o —e— J%HHHPMC
—— [RATHHE +SDS/HPMC (2 1)
04 - v— BRATHIZ +HPMC
e — ]
A -
0.3 \_F_ -
A —s
— Y 3
024 1
\
0.1 ‘ : . . . . .
0 5 10 15 20 25 30
t/min
6 BEZEMEATARMNREEKERMNE (X5,
n=3)

Fig. 6 Determination of crystal growth rates of baicalin

and imperatorin (X £ s, n =3)

2.7 GtEFEST

skt EE 3 X, KM GraphPad Prism
10.5.0 AFATHAR O, BHELLX £ 5 Fon. #4
Bl R R R T 20 H——LSD £ H K74
THEEAHT, BLP<0.05 NZEREBAGIHFRE L.
3 Wie

NEGIUE SDS 5 HPMC BXFHREXS Bai-Imp-CAS
(P03 H S I i AR, B S 46 T SDS 5 HPMC
ELBIASIE . 244 ELAR [F) () 5 Rt 55 T4 79, 1 H
PXRD. DSC #iAH AT E A, ARG AL
28 R0 43 BCIS [B) 9 48 A A 3% HE 43 BT RE A A
SDS/HPMC (2 : 1)-CAS HFAT Ja BEER A 1S 28 LI B
F. G E7R, SDS/HPMC (2 @ 1)-CAS 1 2 Fh244)
1) AUC #5355 T 54kl CAS, 1 2 Mkl
CAS Z LG E £, IESLXUREIE AT A B A
35 . SDS 5 HPMC A6 25 vl B VA K T E EAN
[F 7 Y B DR kb . o itE S dhag
JIRRBRERA T 259 1222, AR 7T 4 R ST
fRIE—H: HPMC-CAS 17 B [ B4 . 2 HeAe B
&, A B 59 T SDS-CASI0-1L131, SDS/HPMC
(2 1 1)-CAS 14t iS5 SDS-CAS TG % 57,
{H PR BB T 2 Fhedlikl CAS, 3R B XUE# KL
Gl eE . R, I (0~10 min),
SDS/HPMC (2 : 1)-CAS HR 3 25T FRR AT # 3= 1%
B E T HPMC-CAS, H# X4 SDS-
CAS, TMRKATHHZ M =T SDS-CAS, X—fiL#FE %
JEF SDS = FMIPE /8. T —J7 T, ARk
Re s, AR T 4R RARER, 4mah
FEEREIR, HPMC HA EHEMRER: k] E=

A% 54K DL RR AT 2R % . TR, ¥ H
3 (10~45 min), SDS/HPMC (2 : 1)-CAS F1#%
HHH RS LFF, 1 SDS-CAS LR FF; EH R
# (45min J5), SDS/HPMC (2 : 1)-CAS W #%F
[ T BEE 18 T SDS-CAS, FKRTHIZRAE 45~
120 min ¥ H T FEIEZIRE T SDS-CAS. iXLb4h
BRI T HPMC %o i M FUIR 2 AR E F

EAERNZ, SDS AGA B & HHEANHI 254
ZE IR YT, {H SDS I S A 98 Bk ]
5, AR A o BRI 24 ) ORE ] [ 1 J=3 S e S
RIS 1, B S IR _EIRZE T 254
(R &5 dh A 24 TP 2 B S A 3 () & AT
YER, AEARWT TR E SO “ AR 7

HPMC FI3T & B8 ) 2R AR PE R3], ACSREG TR
MELF M [F#HE: SDS/HPMC (2 @ 1)-CAS ' HPMC
Eefsl (3.33%) T HPMC FFZH (10%), Xtk
AR I B HI/E FH 99T HPMC-CAS. 2R,
w6 h PUEMN PXRD 71z, SDS/HPMC
(2 1 1)-CAS BIfTH i/, 4 g R B sOm AR T
HPMC-CAS. HEMIIL 5 P o] Ge45 i a7 17 Al 8240 d
5 BB (A A 1 25 ——SDS i 43 Bl P
TR S Ty, HPMC T BB T 45 i
T2, PiE B INIE 4R T AR, MECHAR
ISR T BBk A ] HPMC o

HPMC H.FH 25 SDS B ] 3 25 40 5 %5
T AZ A AR A s XTRRATEHZR T &, HPMC A
B %, AR AR TR .
T SDS X W5 24 (1 ik AR K38 o mm, bk 22 55
FF HPMC 527 45 R . S H 515
ZAE R, SEEHAEE, 7T HPMC JE R R
gyl EGE, AT [EI ) oz 5 A . BRATEH R
FAE 1 AR, SRR D, 5 HPMC KA
HAEREES . X — 5540 TR AT g A2 AT SR AT A
RO TR A P HS GEZE A%, (HMELATE
i PR T T B 2550 B LA BHL f5 252 1) e AR 2B K 23231,

A G ERET TR AR R A AN, A0 A T 0 1
5, 4 B TR0 T HPMC F7KALJE 7= A 1
BN, AELE R, 3K 2 R A AT RE AR AR
T AT SDS/HPMC (2 & 1)-CAS 4% fih 7 B 0 1K
T SDS-CAS, {HH /- Hs B ik geit 2% 5. It
Ab, KN HEHAEESE, Bk SKEM R, S5
FRAKR, A5+ SDS/HPMC (2 : 1)-CAS 3£
I E RS = T 2 Pl ikl CAS, HH AR
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RIS R —2.

AR T SDS W FEAS Tl SR A BEUOT, ]
HEBR ARSI 40 - A S B A iS4 B SDS A
i, R SlK RE SR LR R . A EOR i
AT A, PREALIAIATLE, oA g 4 T/ T s 1 5
I I o

TSR, AW+ SDS-CAS 1 HPMC-CAS
(P RK AT 22 3 S TR E — 80 (HE S
U AELAIR T AT R IE L1, X — 22 ST REYR T T
J T2 R A 40T BRI PO RIS SR P A [ 5
BIAIZH, HEAGIEIRT REAAAE 2 7 T BRAT
RMESERIA—F, WATReL A EELT 4
e B S TK, BRI 5 5 32 58 2 50
HENGE, Praread AT s, WA HPErT 5,
AR T H S5 e A 252

25 b, SDS/HPMC (2 : 1)-CAS 4t Re et
SDS 5 HPMC Bt i 1 Th it HAMSE Bai-
Imp-CAS ¥, HAHLHIERI v =FEEH: SDS E
SPUE S PRI, FRE AR S AR R
HWei, fEoe 7 TR 23R RS s HPMC 42
BEE AN =FHSm, EFEHAREE R “ R
T E S BCA . %R A )
HERSLT T RG ML 7 REEE, HirlEb
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