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Analyisis on improvement of physical stability and dissolution of amorphous
baicalin by puerarin and its mechanism in puerarin-baicalin co-amorphous system
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Abstract: Objective The mixture system of puerarin-baicalin co-amorphous(Pue-Bai-CA) was prepared to investigate the effect of
puerarin on the physical stability and dissolution of amorphous baicalin and its mechanism. Methods Puerarin, baicalin and
Pue-Bai-CA systems were prepared by spray drying method, and their solid state characteristics were characterized by polarized light
microscopy (PLM), differential scanning calorimetry (DSC), X ray single crystal diffraction (XRD), and Fourier transform infrared
spectroscopy (FT-IR). The dissolution rate of baicalin was determined according to the dissolution rate determination method of
Chinese Pharmacopoeia (2020 edition). The effect of puerarin on the dissolution of baicalin was studied by phase solubility method.
Its hygroscopicity and storage stability were also measured. Results The amorphous samples of puerarin amorphous, baicalin
amorphous samples, and Pue-Bai-CA sample were successfully prepared by spray drying method, and there was obvious interaction
between the two in the amorphous system. The dissolution of the co-amorphous system baicalin is better than that of the crystal
mixture, which is better than that of the amorphous system baicalin. The phase solubility results showed that baicalin and puerarin

formed 1:1 AL complex. The physical stability of co-amorphous system is better than that of baicalin amorphous system. Conclusion
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Co-amorphous can improve the physical stability and dissolution of baicalin amorphous, and the mechanism is related to the increase

of Tg, the interaction between the two and the formation of complex.

Key words: baicalin; puerarin; co-amorphous system; dissolution; complexation; stability; phase solubility method; hygroscopicity;

spray drying method
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ZRS-8G AUVERRIE AL, REETTR KR AKF
BABRAT; B-290 RUNUIZ T4, Fit: Biichi
s BAS124S BT RP, FEZAIRFA SR
HARA A Agilent 1200 & ROBA (it SE[H
LB A F]; Oxford Diffraction Y X-5 2k ¥ S A7 5
1%, HZA Rigaku A~ 7]; Genius3 ZYjiEimiE & 2%, 1
IKA #E[H; Exstar 6000 TG/DTA6300 %4 # 5 /7 #4457

H RO HAKS T4 PFRA A ; Diamond DSC
REIRFARE R, £E PerkinElmer A Al
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RAMAF; Spectrum Two H{H HLIH-AF e 2T Fh %
1%, FEEHERI/REN A ; PLUS-E2-10™ AU & /)
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2 FHEEER
2.1 #HmBvHIE
211 BERZF-ESE-ILI0E Y (puerarin-baicalin-CA,
Pue-Bai-CA) K& Z JoE€ ¥ (puerarin amorphous,
Pue-A). 5 H o€ ¥ (baicalin amorphous, Bai-A)
FEMHIE  RECEAR R ERIZ 2.08 g, BEEH )5
K25 223 ¢ (WIREIELA 101D BEEMd, A
oK, ZiREHEREEITE TSR, REE
WA REA, IRHEEE A 2.8 mL/min, &SRR
A4 mh, WEIFOERE N 65 C, HOREN
30~40 C. WK T TR, B11F Pue-Bai-CA
FEdh . FIRERIJTH14% Pue-A. Bai-A HAERES .
212 HERFE-EEF-YEIRAY) (puerarin-baicalin-
physical mixture, Pue-Bai-PM) HIfill#% JEAl 2547
w80 HififE, FRIEIRE 2.08 g, BIE 1 2.23 g,
YRR 101, IWE 20 min, 4573 Pue-
Bai-PM.
2.1.3 BMRFE-HEEET-TLEEEIREGY) (puerarin-
baicalin-amorphous physical mixture, Pue-Bai-A-PM)
R4  Pue-A. Bai-A FEfn7rlid 80 Hfif5, HL
Pue-A2.08 g, Bai-A2.23 g, MRt 11,
W JiE 20 min, #4515 Pue-Bai-A-PM.
2.2 FZESHIFRIE
2.2.1 mIEIEMEBE (polarizing microscope, PLM)
MEE KB RERZ . EEHERZ) . Pue-Bai-
PM, WiZE T4 45 Pue-A. Bai-A fil Pue-Bai-CA
R AR STWELE VR i BT b, A A IS Y
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diffraction, XRD) 7 hlHUE =B R R EEIZ) . ¥
ZAFJERLZY . Pue-Bai-PM. 15525 T8l % ) Pue-A.
Bai-A. Pue-Bai-A-PM fll Pue-Bai-CA, /] X £k
FERATHMX Cu-Ko #EM5E, EHIE 50 kV, & R
1.0 mA, £K 0.02°, DB 10 s, HHFEEHE 20 5°~
45°, BAEI XRD EIEWE 2 Fs. B EE
Z51E 260 4 8.0°, 11.6°. 13.6°. 15.9°, 16.8°. 18.2°,
18.9°. 19.6°. 21.1°. 23.3°ZF4b H B & AR HE 777 45
U, ST ERLZGTE 20 04 8.5°, 10.4°, 12.4°, 17.0°,

Pue-Bai-CA Pue-A Bai-A

Ny e
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1 KRHSAY PLM & (X100)

Fig.1 PLM images of each sample (x 100)

Pue-Bai-PM
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a-Pue-Bai-CA  b-Pue-Bai-A-PM  c-Bai-A  d-Pue-A  e-Pue-Bai-PM
R ¢ ERRER, K4H
a-Pue-Bai-CA  b-Pue-Bai-A-PM  c-Bai-A  d-Pue-A  e-Pue-Bai-PM
f-baicalin bulk drug  g-puerarin bulk drug, same as Fig. 4

2 FHEMmEY XRD [E
Fig.2 XRD of each sample

20.7° 23.8°. 25.5°, 28.1°%¢ &b H B S AR AR AT S5 0 5
Pue-Bai-PM HIfTHIEN 2 Fi R 25 I fai s 2 n; 3R
B EAT I N AT . WSS T RH] %[ Pue-A.

Bai-A. Pue-Bai-A-PM Hll Pue-Bai-CA 3 5 I /R BT
W, RPN ERS.

2.2.3 53T (thermal gravity analysis, TGA)
FARF R A R E TR R, 5
SNFEAR, ABREN 25 mL/min, FHEEZK 10
C/min, WREN 25~250 C, ¥ #EH PerkinElmer
Thermal Analysis FPFACEE, #5011 TGA FEWE 3
Fis. BIREFERIZLE 70~125 C, FEEREZEE
N, RELLHIN 2.4%, 16 225 CLA P R
R % BT EURIZGE 60~140 CRAES 1 IR
18R, RBEHEIN 4.2%, £ 200 CEAFES
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Fig. 3 TGA curves of puerarin (A) and baicalin (B)

2.2.4 ExRAfENEL (differential scanning
calorimetry, DSC) 447 K EHZEBURZY, #o5tF
J5URL24 | Pue-A . Bai-A. Pue-Bai-PM. Pue-Bai-A-PM.
Pue-Bai-CA % 3~5 mg B THIRN, FHEHEZE 10
‘C/min, FHEJEEY 30~250 ‘C, %4 Netzsch-
Proteus #AHTHF (Version 4.2) AbEE, FFE 5 A
DSC Ei & 4 Pros. BRI 2143 Chb
A1 ARIAE R, R R R A Rl 7E
213.5 °C, 2 Moy B A UE R IEAR T, Y)EREY)
(UM A g £ HOR A2 (W% o Pue-A. Bai-A. Pue-
Bai-A-PM. Pue-Bai-CA Il tH Bl — H B AL A6 AR I
J% (glass transition temperature, T,), Pue-Bai-CA
% (] 4-2). Pue-Bai-A-PM (/& 4-b). Bai-A (K
4-¢) Fil Pue-A (K 4-d) 1 Ty 050N 65.5. 60.1+
62.5. 58.1 C,
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Fig. 4 DSC chart of each sample

PL Gordon-Taylor 72 (eq.1) 115 2 Fe 32
MURSIR G EIL Tymio, WHAE 2 FRA M
TominfE AN 59.3 C. R TR, MR T B,
H Tew KTAE—BARH D1 Teo

Temix)= (W1 Tg1 +Kw2Tg)/(wi + Kw») (eq.1D
TomioNILTCE IR Tey Tot Fl Tx NS LW Tey wi F
w2 AEAVIM T RS, K ONEE

K=Tgp1/Tgp>
p1 Flp2 2 2 Fib &4 & B %R
2.2.5 H B AL SRSV (Fourier transform
infrared spectroscopy, FT-IR) 7 B HUE R &= 5kl
24, FEFERIZ . Pue-Bai-PM. Pue-A. Bai-A. Pue-
Bai-A-PM #l Pue-Bai-CA 5 KBr & J7, £ 4000~400
cm™! FHH. FHIEL Nicolet Omnic T 4MEiE it
(Version 8.0) Ab¥H, &A% 1) FT-IR B3RS Wni& 5 B
Mo EEHIRAEIZ) O-H MFFER UGN T 3 389.8
em ', C=0 WIRHEBRISIEN. T 1 659.9 e H R HE
REIE R IE TE A 98 s B AR R RL 24 O-H HIRFAE R i g
£7F 3350.1 cm™, C=0 KIFFENIIENL T 1 634.6
cm's 2 EYIELIE -G MRS I Sy o TR 24 IR
TR . PRSP A RN 7 B8 I AR 2 43 F-AH B
VER M E R, 5ERIZ5M L, Bai-A O-H MWk
W4T R 2 3332.6 cm™!, C=0 MWISIE R ZE 1 666.9
cm'; Pue-A O-H MIWRUISIEZIFE S 3 307.8 cm ™!,
C=0 W25 % 1 631.1 cm '« Pue-Bai-A-PM 5
Bai-A Mtt, TEEFH O-H 1 3 332.6 cm™' RS
3340.1 cm™!, C=0Hi 16669 cn ' ZLFE % 1 664.2
cm'; 5 Pue-A M LL, EAR =1 O-H WU & B 3 307.8
em ' E 33401 ecm™, C=0HH11631.1 cm' ¥
%A 1 6642 cm™!. Bai-Pue-CA 5 Bai-A fHEL, &
ZSHH O-H i1 3 332.6 em ™! #F5 % 3 343.9 cm™,

(eq.2)
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a-Pue-Bai-CA  b-Pue-Bai-A-PM  c-Pue-Bai-PM  d-Pue-A e-5

REERZ fBai-A g ETERIZ

a-Pue-Bai-CA  b-Pue-Bai-A-PM  c¢-Pue-Bai-PM

e-puerarin bulk drug  f-Bai-A  g-baicalin bulk drug

5 FT-IR
Fig.5 FT-TR spectrum

C=0M16669cm!'a¥ZE 1663.7cm'; 5 Pue-A
FIEL, BREM O-H i1 3307.8 em™ I % 33439
cm™!, C=0H1631.1cm ¥ 2 1663.7cm
23 INAHERR
231 “PETVEREEERINE K R TS R
IAglizkdr, 37 CHEIRFEIR M 24 h, 8T, 2L
WRREE B 580G, HPLC J50 % TR, &
2 5 Hi IR SR T VAT 1200,

HPLC i 2 (il 44 Hypersil ODS2 (150
mmX4.6 mm, 5pm) ;5 BN HEE-0.2% B
IR (47 0 53)5 ARARESAY 1.0 mL/min; Fll
£ 280 nm; R 30 C; HEFFE 10 pL. iAEE
SEERERM, EFEKE 10.1~80.8 ug/mL N, ¥
TS RERE 2R IFMEMC R, 4t
[ A5 FE N Y=28.755 X—14.667, R*=0.999 8.

22 HPLC 5138 2 TE /K P ATV iR R
(39.4243.95) pg/mL,

232 A RE LI o B0 S R
%4 . Bai-A. Pue-Bai-PM. Pue-Bai-A-PM #l Pue-Bai-
CA Fffbid 80 HfALEE, DLk Gy RFiEZE 5 5]
(Ve H 25 o MKIE (PP 25 80) 2020 ARG T 0931
T R SRR e R A 3 92, MR S T v
R FEE TR 5 5 SR, 30 A3 o~V 4 Vs e P 1 o R UK P
RIEL 35 %4 200 mg #% A\ 100 mL 4i/K A, iR
37 °C, ¥ 100 t/min, 225 2. 5. 104 15,
30 min A2 1. 2. 4. 8. 12, 24 h BUkEE 1 mL, [AIR
A0 e [R1IE R FIAR R RR v A . B A
2 0.22 um JEMEE, SEMAE YRS, K

d-Pue-A
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DAJR B A< B - ) R st 26 s (B 6D, BT
HUREWRE-R 2 FIA (AUC, % 1),

MR 1 w51, MBS BHAKE, Bai-A £
T A o AT ARG A B i KRR, (HIRE T
B 22 5 R 25 P AR AR (R RS TR IR B, RBILH
B 37 2N Pue-Bai-PM s %A it
AT R 2L, BRI R, T
2 h JEBWHEA T P4 Pue-Bai-CA R4 i % 1F 78
TS A P BRI EIA AR, — TR A S R
JREWRE, BfERRPGE N, EE TR
AR “BREE-PEVE <" %(N; Pue-Bai-A-PM A H
SRR T UE (B I 3 f i IR W R Rk, B 5 I

5
£
150 i:'f — .
@ ——
¥ S—
ke~
~120 E
o)
£
=]
2
o
)
=

T ra
12 22 24

t/h
a-Pue-Bai-CA  b-Pue-Bai-A-PM  c-Pue-Bai-PM  d-Bai-A -
HHIERZ 5 Pue-Bai-CA AL #P<<0.05; 45 Pue-Bai-PM
HEH: "P<<0.05
a-Pue-Bai-CA b-Pue-Bai-A-PM c-Pue-Bai-PM d-Bai-A
e-baicalin bulk drug *P < 0.05 vs Pue-Bai-CA group; "P < 0.05 vs
Pue-Bai-PM group
El6 BESEHEMAKPHIAFMKBLEE (Xts,n=3)
Fig. 6
powder in ultrapure water (X + s, n=3)
® 1 BESEHIIBFN RS L RERE-FEHZ TER
(Xts,n=3)
Table 1

supersaturated powder dissolution (X £ s, n=3)

Dissolution diagram of baicalin supersaturated

Area under concentration-time curve of baicalin

b AUC/(ug'hrmL™) BEf AUC/(ug-hmL™)
Pue-Bai-CA 22413547625 |Bai-A 1092.45+55.18"
Pue-Bai-A-PM 1 895.79+97.96" |5 H Fk 25 949.41+40.75"
Pue-Bai-PM 1 764.424123.06*

55 Pue-Bai-CA AL #P<<0.05; & Pue-Bai-PM #HEL#Z: "P<<0.05
#P < 0.05 vs Pue-Bai-CA group; “P < 0.05 vs Pue-Bai-PM group

N F£Z] Pue-Bai-PM [J¥ HI/KF, FRILH B 21 « 3
P SIS VA AR ST LR R, TE
FHUER— @I T, 3 R H K/ Pue-Bai-
CA % 4i~Pue-Bai-A-PM>Pue-Bai-PM >Bai-A >
AT RRLZG; WA K, AR T
K/INH Pue-Bai-CA &4t >Pue-Bai-A-PM~Pue-Bai-
PM>Bai-A~ 51 R 24 AH R & i K &
WS 1481, 152.8. 85.04 59.9. 44.7 ng/mL,
N ERI 2 AR S 3.84 3.91 220 1.5, 1.1 fi%.

BARBEHAT AR TR, SILEES T AUC
“K/INN Pue-Bai-CA > Pue-Bai-A-PM~Pue-Bai-PM >
Bai-A~ 5 FRE ), 2RI EEZ AUC
) 2.4, 2.0, 1.9, 1.2 f%.
2.3.3 MHEMET  HhlEd B ES RN S
mL EANEKE (0~3.84 mmol/L) &R E/KIETR
H1, F 37 C. 100 v/min FI554F FBCEEHIR IR IR
H1 48 h, WA EPETSE, WIBEWT 37 CRE
BB AR B E3EWGE 0.22 pm AR, SEIERA
RS R HPLC R 5 1 W 3 25 IR
FE, RRHFERPATIE 3 K.

WHR A B R AA 355 F 4 (1) TER
11 Za%E.

B Z ot ESH a2 [BRE S E ] (D

WP IERE 11 MRE YIS &
(Ki:D) %A () W58, WP =R
W BB L HPLC Al 1R B 2 A DA ERoR,
AR (2) ~ (@) AT o S5 IV i mT
A (5) HEAAR, TS F IR ERE S 415
B MR ZHR B 1 14 vy 2R v

K =[EBRE-HSZTVEREHEFE]
H=[HE o 3
e =[3EF 1]+ B R4 1) 4

Ky [#E]o) (5)
[EREDVIMA R EAR R WRE

PUE AR ZIR B AR ARER (XD, TEEHIRE N
kR (V) S (B 7D, SEREIR, HEHIRER
FRFIRERIE I N, —HBRIEEL KR, #
T MERNAE TR Y=0.009 75 X+0.048 47, R*=
0.988 98, K = H LM R RIMAL, HHILBR %S
WK N 0203, ITRIZH R T 1 1 IEEW.
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~ 0.087 ¥Y=0.009 75 X+0.048 47 M/\_/\A_A’w
= R2=0.988 98 )
g AAAAA A s O N N NPl thona sttt |
‘E’ 0.06 4
i AP A atd N oo st rrstnsrosnrs €
o
i o d
0.04

0 0.96 1.92 2.88 3.84
HIRFE/(mmol-L )

7 BRENESHE 37 CKPRBEREME (Xts,
n=3)
Fig. 7 Effect of puerarin concentration on solubility of

baicalin in water at 37 C (X +s,n=3)

24 YEREMHAR
241 FEGHBHEFEE KR (Z5IEHRERTE
SR RU, R BRI, WI0ET 1
RET 25 C. MXREN 80% T HBME H A
MRV MTER TR, 24 h JERE %R e i =
(mpo 5 BIFREUCEAE G &P TAREIR AN, K%
FROER R (ma)o FRELH A S E T A
HAER ) TR 24 h, KERERE (ms),
THE SRR, FAERFATIE 3 4.

SR = (m3—m2)/(ma—m1)

FREMMSEME NE 2, EEHERIZH5E
HNT 0.2%, RPHTLEILTFL5HEMERY; Pue-
Bai-PM [5G HEFRAT 0.2%~2.0%, I 5]
{BERY; Bai-A Al Pue-Bai-CA H 511E 247 T 2.0%~
15.0%, @oREATAE MR, H#FZ MM E
ZESt.
242 FoEME EHTEEH ) Bai-A. Pue-Bai-CA
4t 80 HfiJ5 73 it Ar T 40 "CaEA A8ttt IR
TIRAR LI 40 C AHXHRRE 75%E R ER T
tr, 5T 15, 300 60 90, 120 d J5ELH, XRD
PO HTIERE S B Ra e . B AT E R
FETERE M AU Y XRD ERE A 8 B
TeEFAILT e RS TE 40 C4F FIRE 4 A
J5 XRD KEHETCE B ATHEHIL, KA R T
EIEA. 15 40 C. MHXRE 75%% M4 T, Bai-A

#2 HMELEMERLER (X+s,n=3)

Table 2 Moisture absorption results of samples (X + s, n =3)

FE M B/ % TR AR A IR
WEHEEZ 01112004 B LR
Bai-A 6.154+0.23 HHHBE
Pue-Bai-PM 0.94+1.05 AT 51
Pue-Bai-CA 5.9940.02 HHHBE

oot O pamn, a

Pue-Bai-CA R A

i
i
PO e, h
N\ onn > g
—~— A~ f
¥ s aman ¢
d
Cc
I A i NS N B oo et o s PN b
AN a
5 15 25 35 45

200(°)

a~e- /3 HINTE 40 CHAEFE 0.5, 1. 2. 3. 4 MH; f~j-%
BIRTE 40 °Co AHARREE 75%5%MF FHCE 0.5+ 1. 2. 3. 41MH

a—e-stored at 40 ‘C for 0.5, 1, 2, 3 and 4 months respectively; f—
j-stored at 40 ‘C and 75% relative humidity for 0.5, 1, 2, 3 and 4

months respectively

El 8 HHMIESRFRMAERE XRD E
Fig. 8 XRD of each sample under different conditions and

different time

1 NHM XRD EIE H O SRR AiE %, Pue-
Bai-CA 4t 4 > H ) XRD B3k tH I fi AR RFAE U
H &8 /NT Bai-A £, % Pue-Bai-CA R4t
T Bai-A FE 5o
243 WhiEt: 4 nE 40 CRBE 3 MHT
Bai-A il Pue-Bai-CA i, i 80 Hifkb#, K
“23.27 R JTEEIGE 40 C R 3 H B i AAE T,
45140 9 FiR . Bai-A Al Pue-Bai-CA ¥ 5 7E I 2%
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