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Preparation of baicalein-sophoridine co-amorphous system and its antibacterial
property in vitro
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Abstract: Objective To prepare the co-amorphous system of baicalein (BE) and sophoridine (SR) (BE-SR CM), systematically
evaluate its efficacy in improving the apparent solubility and physical stability of BE, and explore its antibacterial activity in vitro.
Methods BE-SR CM with molar ratios of 1 1 1,2 I 1, and 3 : 1 were prepared by rotary evaporation. The preparation effect was
verified by solid-state characterization techniques such as X-ray powder diffraction (XRPD), differential scanning calorimetry (DSC),
polarizing microscopy (POM), and Fourier transform infrared spectroscopy (FT-IR). Molecular dynamics simulation was used to
analyze the intermolecular interaction patterns and key interaction sites in the co-amorphous systems with different molar ratios. The
optimal molar ratio of BE-SR CM was determined through apparent solubility measurement, physical stability assessment, and in vitro
antibacterial experiments. Results Solid-state characterization results confirmed that the rotary evaporation method could
successfully prepare uniform and stable BE-SR CM. Molecular dynamics simulation further revealed significant hydrogen bond
interactions between BE and SR molecules in the system. Apparent solubility measurement indicated that the solubility of BE-SR CM
in pH 6.8 and 7.4 buffer solutions was significantly higher than that of BE and BE-SR physical mixtures. The solubility of BE-SR CM
(1 : 1) in pH 6.8 buffer solution was 8.9 times higher than that of BE. All BE-SR CM showed no crystallization after storage at 25 ‘C
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and 60% relative humidity for nine months, demonstrating excellent physical stability. /n vitro antibacterial experiments confirmed

that the antibacterial activity of BE-SR CM is significantly superior to that of the physical mixture of BE and SR as well as the single

drugs. Among them, BE-SR CM (1 : 1 and 3 : 1) had particularly outstanding antibacterial effects, with a minimum inhibitory

concentration (MIC) of 16 pg-mL™" against methicillin-resistant Staphylococcus aureus (MRSA), which was significantly better than

the BE monotherapy group (MIC = 32 pg-mL™"). Conclusion BE-SR CM (1 : 1) can significantly improve the apparent solubility

of BE, has excellent physical stability, and can effectively enhance its antibacterial activity against MRSA. It is an ideal carrier form

for improving the formulation properties of BE.
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EISE BE MR EIREE . BHAREREENE 3 K.
ZiRNE 1, K BE 5 SR il &ML LB MAR, B
BE FIHRA VNSRS A5 m, EfmPrEr
WEIR SRR A R PRI B N B B, VAR B KT
DL 8.9 1%,

#&1 BE. BE-SR PM 1 BE-SR CM E1"[&] pH EHRHHIRILEAMRE (X s, n=3)
Table 1 Apparent solubility of BE, BE-SR PM and BE-SR CM in different pH buffers ( X +s, n=3)

T B (ng-mL™)

K
pH 1.0 pH 2.0 pH 3.8 pH 5.4 pH 6.8 pH 7.4

BE KL% 0.08+0.02 0.06+0.01 0.06%0.03 0.08+0.01 0.25+0.01 0.80+0.07
BE-SRPM1:1 0.07£0.01 0.07+0.01 0.09+0.01 0.08+0.01 0.32+0.01" 0.96+0.07™
BE-SRPM2 1 0.08£0.01 0.07+0.01 0.07%0.01 0.06 +0.02 0.32+0.02" 0.98+0.13™
BE-SRPM3:1 0.07+0.01 0.07+0.01 0.07£0.01 0.07+0.01 0.194+0.01" 0.89+0.04"
BE-SRCM1:1 0.16+0.01"*  0.06+0.01 0.06+0.01 0.154+0.04™#  2.23£0.01™"## 3.524+0.43"###
BE-SRCM 2 :1 0.144+0.01"*  0.08+0.02 0.0640.01 0.07+0.01 1.29£0.07"### 3.5940.30™"###
BE-SRCM 3 :1 0.07£0.01 0.07£0.01 0.06£0.01" 0.07%+0.01 1.03£0.01""## 3.56+0.017"##

5 BE 4LLL#H: "P<<0.05 "P<0.01 ""P<0.001; SFFLLHIK PM ALLE: *P<0.05 #*P<0.001.

"P<0.05 P<0.01 "P<0.001 vs BE group; *P <0.05 P <0.0001 vs PM group of same proportion.

2.6 MARILEMIXE

MR (R EZ L) 2025 FFRRZ 5B IR TE S
J50, ¥ BE. SR. BE-SSRPM (1 :1.2:1.3:1)
PLK BE-SRCM (1 :1.2:1.3:1) #4150 mg “F4#
TR R ERERER S FEREEL 1Tmm), 28
Ja B RR I B AE 25 °C  HAHEE (RH) 80%
T ERAS N 24 h (Y FNER R e VA i pe BE IR BE IR 5D .
RO FERTATINE 3 K. THESHER.

IR = (m3—m2)/(m2—m)
my R BFERR R T, mo A B BERR R AN RE i b T
s A8 L SRR AR S ) 2

AN [ LA P A B R A ) AN R T B TR AR R 11 5
MEPELE RN 2, BE FEEIZGM51HEIEE 0.53%,
KA GHEME. SR ERZGM SR E Y 7.31%,
HA 5148, BE-SRPM J BE-SR CM 45 5115 1%,
SHBHEFIZ R LLEIA DS, 2 SR B L 51E
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#*2 BE. SR. BE-SR PM 1 BE-SR CM HJ5;8M%
(X *s5,n=3)
Table 2 Hygroscopicity of BE, SR, BE-SR PM and BE-SR
CM (X £s,n=3)

FF it F1VB% 1% bRk
BE J5iKl2Y 0.53+0.38 HEA
SR 5k 24 7.31+0.10 H
BE-SRPM1: 1 10.5340.03""# f
BE-SRPM 2 : 1 6.834+0.29™ f
BE-SRPM3:1 6.54+£0.02"* l
BE-SRCM1:1 9.40+£0.02"™ l
BE-SRCM2:1 3.8140.02 l
BE-SRCM3:1 2.51+0.08™# A

5 BE 41E#: *P<<0.05 **P<0.01 *P<0.001; 5 SR 41Lt%::
#p<0.05 #P<0.01 *#P<0.001,

"P<0.05 "P<0.01 "™P<0.001 vs BE group; P < 0.05 #P<
0.01 P <0.001 vs SR group.

P K. BE-SR PM ¥ s m+ BE. SR 15178
P, Ui BE 55 SR [WAERIR & S A 51 WE 44 T o,
RUE LT E AR 2 10 51 181 =545 [F] b 5 R i B
REVEIG, RERERRH R L ELEIETHE—
R ILTE AR B AR e
27 YEREMER

B BE-SRCM (1:1.2:1.3: 1 &
TR SR AR ZE VI MR, B TE 25 C. 60%
RH (K00 rfae s . e n
A AL (0L 34 6+ 9 M) HUHAEM, {HH XRPD
R T 2 AT S A5 55 i AR SR e P XRPD
W 8. fEfiffE 9 N HJE, F XRPD Ak T BE-
SRCM (1:1.2:1.3:1) f£25 ‘C/60% RH f#
TR IR ENE, SR E/RBE-SRCM (11,
2014 30D ByEEE AR R H SUR AT IR,
WA 45 G, Ui X S SL T e TR AR R IR B

BE-SRCM (2 : 1) BE-SRCM (3 : 1)

BE-SRCM (1:1)
’\M w 6 MH

31 A

3MNA 34 H

5 15 25 35 45 5 15

20(9 20(9

35 45 5 15 25 35 45
20(9

8 BE-SRCM 7£ 25 C. 60% RH &% /4] XRPD &
Fig. 8 XRPD patterns of BE-SR CM after storage at 25 ‘C, 60% RH

Iy, BARGMYERRENE.
2.8 {RIMIETEM

¥ MRSA BMRERN 2 R KEM LB Kk
i, F 37 "C. 150 rrmin! &1 N AAER KR IR
24h; FEEFREL SR10.24 mg, AT SmLMH 1775
tF; % HUBE. BE-SR PM Jz BE-SR CM #% 6.4 mg,
3R 250 uL - FIEEAR (DMSO) H, £§58
ARG MH Br 32380 BE 4 25 mL, 78405 R
FARE LU RIS, DA MH B5 3R 5000 HaRAE St AT 80
FifE, SR A EIKEWE N 4. 8. 16, 32, 64,
128. 256, 512. 1024 ug'mL"!, BE. BE-SRPM }%
BE-SR CM £ &k L3 H 0.5, 1.0, 2.01 4.0,
8.0, 16.0. 32.0. 64.0. 128.0 pg'mL™' (LA BE i});
SAGWE MH Br 5+ w KA X IR, MH R
TR FEBCNPI TR, 1% DMSO+MH 15973+
TRV TR R, A SR B 2540+ MH B 75 i

X R K SRR BE 2GR N 96 FLAR, AL
AR 100 pL, I5EJAAE 600 nm P T RIEREE
(A 18, BrASCIITEAFRIZAMF T RE 3 HPATE
2o RFBEEASHRE, 70#% BE. SR S/MITEEHK
FE(MIC) [ 8. 44 2 1. 1720 1/4. 1/8 f&X} 2 Ff
ZGWIATRREERRRE, MR BCE FHZE I A4 E UV
PRI ROR - 45 40 9 fr, SR Fush FH 2451 MIC
79128 pg'mL™!, BE HU 2] MIC 932 pg'mL™';

BE-SRPM 1:1.2:1. 3:1 EflZH % MIC 405109
64. 32, 32pg'mL™!, BE-SSRCM2 : 1 ELHI4d MIC Ay
32 pgmL s [HAERMZ, BESRCM 1 :1A13:
1 HAE 16 pg-mL' BRI AT A 2] MRSA A4, TiAH
[ o Bk B R B g ] BE B SR SR R I
e, MBS (B 100 878, BE S
SR BXA S, XFE 16 pg'mL ' BE 55 64 ug-mL™!
SR RIA]sZHi%T MRSA ], ¥ T BE HAlH
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Fig.9 MIC plots of SR, BE, BE-SR PM and BE-SR CM ( X =*s, n=3)
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Fig. 10 Chessboard experiment diagram of combined
antibacterial of BE-SR ( X *s, n=3)
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R 2500 AT 2 N ) B S 1261, fEL AT ORIE
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FH, et 540 I RsRESEM TAER,
A AN 259 5 SO R R iR AR, 3R
E M RIFE M IR T AR

AHIF TR e 5 28 ik T 3 AN A LAl
(121,201,301 BRARHEZER T BE 5 SR 3%
TR, HiBELH AR XRPD. DSC. kit E5H
B R AN FE AT BRAG I TR () SRAE, S5 R 2o, il
%M BE 5 SR SLhe28 Wik A IR RHIERT 40, %
AT IS, HEATGE T RRHESHE
AR E, UEB RIS BE-SR CM (1 : 1,
21,3 D, FT-IR 452 578 BE-SRCM JERL AT fig
¥ BE ] O-H #1 SR ) C=0 MM EAEH,
ESP I 6 FL 38 XA T RIS I BT 0 X 4, 7T
DAHE W Fe SR B 9 2 ¥ R0 AH TR F v R K ZEAE BE
) O-H 55 SR ) C=0 ZIa], f&maAiREE T,
BE [1) O-H7 1 O-H6 {E A sk, SR 7371 C=
O 7RMEBEZAR, 1M BE ) O-H7 5 SR ) C=0 £
FS PRI SR T FH i ok, HEDT 77 (R AH FLAE
W REREAE BE (19 C-7 21 O-H 5 SR 1) C=0
28, Hrr, BESSRCM1 : 1 A1 BE-SRCM2 : 1
BE {7 T C-7 frfmiadtt FF1 SR st st A 2
B A ) e Jy5 T C-6 i, H BE-SRCM1 : 1
1E C-7 P A I fE 1t BE-SR CM 2 1 £ C-
7 AR AR BE J75E, T BE-SR CM 3 © 1 1 BE
T C-6 MrfmFREEAIFN SR IS H 2 [T
A RS /58 T C-7 fi7, H.BE-SRCM3 : 1 7E C-
7 MR RRE BRI RE 71355 T BE-SR CM 1 © 1 £l BE-
SRCM 2 : 1. TEJERANFEIYI () b il ST e
Ak Z T, BE-SR CM 1 : 1 HIESAH BAER o8,
A LAHEIKT BESSRCM 1 @ 1 S BHTE 1.

BE TE/K I ARERAG, RS T H O
AR B, BEm L T GRS . SRR
LG A5 R EoR, BE-SR CM Al 2527+ BE AR
B, HHLHI AT BE 5 BE-SR CM k= J& #AME 2> 1-HE%
liEPS ZAFPEAE BE /IS AR AR TP OE 7 IR A%
e, 1M BE 5 SR Z[HIJE R4 1 AT BE A2 ¥
fife FSE B T ) B B LRI o 12 8 A FEE B T U AE s
PEBERR SRR ph s P oM R3S, X ATREIAR T BE
Il AL S TE R S 2 B EDIRES, T3
TR RAR . [ERFEERE, YRR
1 2 1) BE-SR CM 7E 446 1F T XF BE ¥ HI4
TERCR 2 A T A ) 5 1 = Bl A 1 3 T8 2 TR AR
2, RO RS 7 FEN AR oA

PR AT 45 SR B, BE-SSRCM 1 © 1 ' BE f#) O-H7
£H5 SR 1) C=0 EHE IS A EAEH T,
SERT YR 2 0 1 13 11 BE-SR CM,
P CHEM b AR SR AR F A FH (158 B W] B8 R0 BE
RAREEHI BN R . SIBMESIG S R E/R, BE-SR
PM HI51EME S 2 E T BE Ml SR, X —HZnlhES
SR H SRR, BT BE M2KH45
SR /s e A K, HFER O-H 5 C=0
TV P BT s A B 4, 30 BE-SR CM
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TC 78 TEAR 2 v 40 - (R AH ELAE FH A 3 1R v o B 4 T
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