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Abstract: Objective Co-amorphous systems (CM) of baicalein (BE) with oxymatrine (OMT) or matrine (MT) at various molar
ratios were prepared, aiming to evaluate their effects on improving the solubility and physical stability of baicalein, and to
preliminarily explore the underlying solubilization mechanisms. Methods BE-OMT/MT CM with various molar ratios were
prepared by rotary evaporation method. Solid-state characterization was characterized by polarized light microscopy, X-ray powder
diffraction, differential scanning calorimetry, and Fourier transform infrared spectroscopy. The optimal molar ratio between baicalein
and each coformer was determined by systematically evaluating the apparent solubility in buffer solutions with different pH values,
supersaturation dissolution profiles, hygroscopicity, and physical stability. Furthermore, molecular dynamics simulations were

conducted to correlate these findings with the potential molecular mechanisms underlying the solubility enhancement. Results
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Solid-state characterization combined with molecular dynamics simulation revealed the presence of intermolecular hydrogen bonding
interactions between baicalein and OMT/MT, and all co-amorphous systems exhibited a single glass transition temperature, indicating
amorphous homogeneity. Solubility studies showed that the solubility of baicalein in BE-MT/OMT CM (at molar ratios of 1:1, 2:1,
and 3:1) was higher than that of the raw drug and corresponding physical mixtures. In phosphate buffer (pH 7.4), all BE-OMT/MT
CM exhibited significantly improved solubility. Specifically, the solubility of baicalein increased by 3.9—5.6 fold in BE-OMT CM
and by 5.1—9.1 fold in BE-MT CM compared to pure baicalein. Furthermore, BE-OMT CM showed superior ability to maintain
supersaturation and inhibit recrystallization across different pH media, along with lower hygroscopicity compared to BE-MT CM.
The BE-OMT CM also demonstrated physical stability for up to nine months under storage conditions of 25 “C and 60% relative
humidity. Conclusion BE-OMT/MT CM significantly enhanced the solubility, dissolution rate, and physical stability of baicalein.

Among the two coformers, OMT is a more ideal coformer for CM, and the mechanism is related to the formation of intermolecular

hydrogen bonds.
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Fig.1 PLM images of baicalein, OMT, matrine bulk drugs, individually amorphous, BE-OMT PM, BE-MT PM, BE-OMT
CM with different proportions, and BE-MT CM with different proportions (20 x 10)
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Fig.3 DSC patterns of baicalein, OMT bulk drugs, BE-OMT PM with different proportions and BE-OMT CM samples with
different proportions (a) and baicalein, matrine bulk drugs, BE-MT PM with different proportions and BE-MT CM samples
with different proportions (b)
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Fig. 4 FTIR spectra of baicalein, OMT bulk drugs, BE-OMT PM with different proportions and BE-OMT CM with
different proportions samples (a) and baicalein, matrine bulk drugs, BE-MT PM with different proportions and BE-MT CM

with different proportions samples (b)
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*1 ABZZRENARARELLS BE-OMT/MT PM. BE-
OMT/MT CM 7£ ARG pH ZEH&FHIRNAMEE (Xxs,
n=3)

Table 1 Apparent solubility of baicalein bulk drug, BE-
OMT/MT PM and BE-OMT/MT CM with different

proportions in buffer solutions with sifferent pH values

(Xts,n=3)
v VLR (ngmL ) (VAR50
Fe i pH 1.0 pH 5.4 pH 7.4
K R 0.07+£0.02 0.08%+0.01 0.80%0.07
BE-OMTPM1:1 0.08+£0.01 0.08%£0.01 0.49+0.12
BE-OMTPM2:1 0.05£0.02 0.08%£0.01 0.52%0.15
BE-OMTPM3:1 0.07+0.01 0.07+0.02 0.49+0.10
BE-OMTCM 1 :1 0.08+0.02 0.16+0.10 3.12+136
(1.1 %) (2.0 %) (3.9 f%)
BE-OMTCM2:1 0.09£0.01 0.14£0.06 4.47%1.08
(1.3 %) (1.8 1%) (5.6 1%)
BE-OMTCM3 :1 0.09£0.03 0.11%£0.01 4.48+1.05
(1.3 f%) (1.4 %) (5.6 %)
BE-MTPM1:1  0.06+0.01 0.09+0.02 0.43%0.02
BE-MTPM2:1  0.06+0.01 009001 0.82+0.11
BE-MTPM3:1  0.07£0.01 0.09£0.01 0.58%0.15
BEEMTCM1:1 0.16%£0.06 0.18%£0.05 7.27%=145
(2.3 1%) (2.3 1%) (9.1 %)
BE-MTCM2:1  0.1240.07 0.13+£0.01 5.02+1.43
(1.7 %) (1.6 f%) (6.3 f%)
BE-MTCM3:1 0.12+0.08 0.10£0.03 4.05+1.26
(1.7 %) (1.3 %) (5.11%)

TR MIERAN pH 6.8 1Y) PBS. 73 BIFE VA H T 46 )5 1)
0.25. 0.5, 1. 1.5, 2. 4. 6. 8. 10, 24 h BUFE 2 mL,
FArBIARFE 2 mL B[R G - B IR it 0.22
um FRFLIENE, S84 FHBEMRE | £ /51T HPLC
D B2 AR R

TG 58 TE S WAE 10 W 8 de AT A R AR AE T T AN
PR, R A BN HES 77, BTBAE
VR RN ZIAE AT 2 R AR B A5 i DUE BCE AR E 1Y
pmas T, IR RV 34300, I th it 2k WLIA] 6,
WA RKIFRIZEME 2 h A4 Rl IARVE M T4, W3
TRE PRI 265 R 2 AR AL, 7R TR sk
BRI H — B4R FFEARES . EREIE W (E 6-1-
a) MFREEF, BE-OMTCM (1:1.2:1.3:1)
BRI HIREE 39108 11.03. 10.09, 11.13 pg/mL,
e 5B R4 B ORI HR BE Y 6.1, 5.5 FiT 6.1 £ o
XFPA RGO T R B TR T R KA TR
ghky, TS EA . o, YR

fFIEEE 1 1 ) BE-OMT CM 7E pH 6.8 ] PBS %
(B 6-1-c) R & T HAl 2 AN Ee 3 To e TR (1)
AR . Bk 2 0 1 A3 0 1 ) BE-MT
CM 7ERSL B (K 6-T-a) HIFAEEHAEH 24 h J5
WA AR 257 KRB, T BEFOMT CM
(1014201330 D B IEAR P 1) &
W%, FEFERILE BE-OMT CM B 56 3 i 443t
T8 TEAR 2 3 VAN RRPRZS T 1) 245 4 7 s
2.6 EASSIIEMER

S8 EZ ) 2025 RGP 51 BRI TR
SR, KEER. OMT MESHJEEZG, BE-
OMT/MTPM (1 : 1.2 : 1.3 : 1)LLK BE-OMT/MT
CM (1:1.2:1.3:1) 2 150mg AT T
BEPWHERY FEREEL 1mm), RSEHK
EIAUREAE 25 C X (relative humidity,
RH) 80%FH) 128 24 h (HIFIAR B e VA MR i
JEBED . BRFEAFATIINE 3 Ik, THE SRR,

5B = (m3 —m2)/(m2—m1)
m g B IERR LI T B, ma A B SEFR S HRRE 5 10 25
s IV BT L SR R RIVRE it £ 2 B

5B R R 2. WA RFRIZEHEE
BN 0.53%, AT 0.2%~2.0%, FIFHHLIEA T
PE. OMT Fle S5k} 245 (1) 51 B EEH 12.26%.
6.11%, AT 2.0%~15.0%, RIFLEAG5RME. ¥
IR GV AT R AR P EA508E, i
WM RNS IR E L EIE 5, M5l
MIECHAR & LR R BHEMETE K, X5 OMT M
SRR SRR G G SR, BE-OMT CM
(12142000301 M5l S A [F bl T g
REYRERFG, RH& I E ARG HE
BHBTZARRNFE. T BEMTCM (1 : 1,2
1.3 0 D KI5RMERFE LRI E R S H
Wahn, XATREE M R A 0 TR TE T R HE
Fl, IKAF AT LA N T T AR R R 4 X35, M
T SR A 2 R IR 7K 388 o
27 YEEREMER

B H4H BECOMT/MT CM (1 : 1. 2 1.
311 JAEAE 25 C. 60%RH (KHILEME 1) 1Y
o MRIGAE . AETUE BT (04 34 64 94
HO BUBAES:, {H XRPD K376 5 B RE M e 15
Bedh. FEERETE XRPD BE QI 7 iR, TEREAT
9 MAJE, BEEOMT/MTCM (1:1.2:1.3: 1D
(1] XRPD &3 T3R8 o B AT S 3R, S 1T
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IR (X+s,n=3)

Fig. 6 Supersaturation dissolution curves of BE-OMT samples (I) and BE-MT samples (II) in pH 1.0 HCI solution (a), pH
4.5 acetate buffer solution (b) and pH 6.8 PBS solution (¢) (X £ s, n=23)

=2

EHFMISIEMERER (X£s5,n=3)

Table 2 Hygroscopicity evaluation results of various samples (X £ s, n =3)

Ffdn IR/ % F it B2/ % FE i TR/ %
B R R 0.53+0.38 BE-OMTCM 1 : 1 5.58+0.04"" BE-MTPM 2 : 1 2.46+0.08
OMT J&ikI 2 12.26+0.02"" BE-OMTCM2 : 1 2.3440.09"" BE-MTPM 3 : 1 1.74+0.02
BE-OMTPM 1 : 1 8.16+0.03" | BE-OMTCM3 : 1 2.26+0.12° BE-MTCM 1 : 1 4.52+0.19**
BE-OMTPM?2 : 1 6.23+£0.21"" SR L2 6.11+£0.24" BE-MTCM?2 : 1 3.30+£0.06™
BE-OMT PM 3 : 1 5.35+0.06"" BE-MTPM 1 : 1 4.24+0.03"" BE-MTCM 3 : | 2.98+0.03"
HMEEMALE: *P<0.1 *P<0.01 **P<0.001 ***P<0.000 1.
*P<0.1 "P<0.01 "P<0.001 "P<0.000 1 vsbaicalein group.
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Fig. 7 XRPD patterns of BE-OMT CM (1:1, a; 2:1, b; 3:1, ¢) and BE-MT CM (1:1, d; 2:1, e; 3:1, f) after storage at 25 C and
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T ESP [K/NFIGZ B, mT AT L TE & Ak & b
TR AR . i Multiwfn #EXT 352 . OMT
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HAXIREEN T C=0 FEHF OMT ) N*-0-3

—-0.06

+0.06

i () RETWIERR H7. H6 f1HS, X2HT
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H;H5 OMT/MT i) C=0 #H LI OMT i N*-O-
e ripdl

2.8.2 RMATRE (radial distribution function,
RDF) M PubChem %48 i 3R 55 %5 2 . OMT Al
T SRIVIGE T 451 . 18I FH Materials Studio
8.0 #X A1) Forcite (B, 7E COMPASS /13 FiEAT
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Fig. 8 ESP maps of baicalein (a), OMT (b) and matrine (c)
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ESW C=0 & J7 T7E 0.181 nm A& H BLIR & A4
i (B 9-d~0), R FIHEBEAE T HEERM
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Fig. 9 RDF analysis between hydrogen atom at O-H of baicalein and oxygen atom at C=0 and N*-O- of OMT in the BE-

OMT CM (1:1, a; 2:1, b; 3:1, ¢), and between hydrogen atom at O-H of baicalein and oxygen atom at C=O of matrine in the
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