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Abstract: Objective To improve the water solubility, dissolution and bioavailability of baicalin and explore the solubilization
mechanism, molecular simulation combined with a solubilization experiment was applied to screen the carrier material of baicalin/
polysaccharide complex, and the baicalin/hyaluronic acid complex (Bai/HA Co) was prepared. Methods Firstly, the binding free
energies of baicalin with different polysaccharides were calculated by molecular docking and simulation, and the solubilization effect
of these polysaccharides on baicalin was evaluated by solubilization experiment to screen proper polysaccharide as carrier material of
the complex. Secondly, Bai/HA Co was prepared by stirring under heating combined with the freeze-drying method. Using
solubilization ratio of baicalin and drug loading as indicators, the process was optimized by single factor experiments combined with

Box-Behnken design-response surface methodology. Thirdly, the in vitro dissolution of Bai/HA Co in different media and in vivo
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pharmacokinetics in SD rats were investigated. Finally, the solubilization mechanism of Bai/HA Co was explored by Fourier transform
infrared spectrometry (FT-IR), differential scanning calorimetry (DSC), powder X-ray diffraction (PXRD) and molecular dynamics
(MD) simulation. Results The results of molecular docking, molecular simulation and solubilization experiment showed that
hyaluronic acid could improve the water solubility of baicalin and exhibited the best solubilization effect. The solubilization ratio and
drug loading of Bai/HA Co were greatly affected by the heating temperature and the concentration of hyaluronic acid. The results
showed that the optimal process for preparing Bai/HA Co was as follows: hyaluronic acid concentration of 2 mg/mL, heating
temperature of 65 °C, stirring speed of 900 r/min and stirring time of 1 h. The Bai/HA Co prepared showed a great solubilization effect
on baicalin, which was 23.37 times higher than that of baicalin, and its drug loading was 17.09%. The results of in vitro dissolution
indicated that Bai/HA Co could significantly improve the dissolution of baicalin in pH 1.2, 4.5 media and deionized water, and the
bioavailability of baicalin. The results of FT-IR, DSC, PXRD and MD simulations revealed that the H-bond interaction between baicalin
and hyaluronic acid enabled baicalin to disperse into the hyaluronic acid molecular chain in an amorphous state. Conclusion
Molecular simulation combined with solubilization experiment provides a more accurate method for screening polysaccharides as
carrier materials for complex. The Bai/HA Co prepared by the method of stirring under heating combined with freeze-drying can
improve the water solubility, dissolution of baicalin and bioavailability of baicalin.

Key words: molecular simulation; baicalin; polysaccharides; complex; solubilization mechanism; hyaluronic acid; water solubility;

dissolution rate; bioavailability; Box-Behnken design-response surface methodology
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Fig. 1 HPLC diagram of baicalin (A), polysaccharide (B),

baicalin/polysaccharide complex (C)
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Table 1 Results of investigation of sample recovery rate (n = 3)
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10.0 100.83  100.13 101.02 100.16 99.66 0.66 0.21 0.33 0.40 0.83
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Fig.2 Docking diagrams of baicalin with dextran (A), inulin (B), pullulan (C), xanthan gum (D) and hyaluronic acid (E)
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Fig. 3 RMSD of baicalin in dextran (A), inulin (B),
pullulan (C), xanthan gum (D) and hyaluronic acid (E)
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SEAY, $E2, 15000 r/min B0 (BOFA4E 8.2 cm)
10 min EFREVIFR, B EIEEE SMRE, L
HPLC iEIE 51 sk B, 4% Ptz 2.

iR =E G AN R/ ST SR
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% (0.8~5.0mg/mL, A). HFHIRE (40~80 C,
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RN R A W R . B & W TR T &K
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Table 3 Effect of hyaluronic acid mass concentration on
solubilization ratio and drug loading of Bai/HA Co (X £ S,

F5 HHEEX Bai/HA Co A EHMEB LG ENF N
(X£s,n=3)
Table S Effect of stirring speed on solubilization ratio and
drug loading of Bai/HA Co (Xt s,n=3)

PR E/(rmin™) BT WAR%
450 18.52+0.17 20.17+£0.15
650 18.44£0.12 20.09+0.11
850 19.35+0.23 20.88+0.20
1050 17.07£0.27 18.88+£0.25
1250 15.60£0.17 17.54£0.15
R 6 HIHETEXT Bai/HA Co 1GA MBI EMZNT
(Xts,n=3)

Table 6 Effect of stirring time on solubilization ratio and
drug loading of Bai/HA Co (Xt s, n=3)

FEEEIN 8] /h B AR/ %
0.5 1431+0.71 19.524+0.97
1.0 17.51+0.15 23.884+0.21
1.5 16.700.11 22.77+0.15
2.0 15.16+0.01 20.684+0.01
2.5 14.70+0.12 20.05+0.16

n=3)

% W R /(mg-mL ™) RS HA=/%
0.8 15.38+0.37 22.56+0.55
1.0 18.3740.28 22.78+0.35
2.0 19.3540.23 13.8940.17
3.0 21.04+0.07 9.174+0.03
4.0 23.9340.79 7.594+0.25
5.0 29.05+0.09 7.814+0.02

R4 MPGEEST Bai/HA Co R EHFFAENFN

(Xxs,n=3)

Table 4 Effect of heating temperature on solubilization
ratio and drug loading of Bai/HA Co (XX s, n=3)

IR/ C T AR AR/ %
40 8.90+0.19 12.714£0.27
50 11.04£0.15 15.14£0.20
60 15.034+0.18 19.5240.23
70 14.61+0.07 19.8340.09
80 142240.08 17.63£0.10
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SERRSENE, DRI e S S T 5 I B [ E D 1 he
2.3.4 Box-Behnken W it-MiM[fI% (Box-Behnken
design-response surface methodology, BBD-RSM) 5
%% Bai/HA Co 47 1.2 X BBD-RSM (Design-
Expert 13 #fF) %} Bai/HA Co kb5 T.ZHATL
o PLEBIBRR TR (X0 MR (X)),
PR (XG) NEARR, SVARE BN EZS By
il , 3 MR FEFR K. BBD-RSM 2501501 1
ZRNK T,

7 ZE AT, o SR e AT 2 o8 kIRl
BB E, MEERIE 8. HHVALEEC e N AR
T P AECA 0.000 2, 255 A B AE N R P
E/hF0.000 1, Horh X 1) PAEAE 2 DRIBENT
0.000 1, Ut W37 B Jo IR AR 3 3o 1 ¥ 5 AN 3 245 )
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77 BBD-RSM gt 54
Table 7 Design and results of BBD-RSM

RIS Xi/(mgmL™") Xo/'C X3/(rmin™') HEREE WAGE/%|RKS Xi/(mgmL™") Xo/'C Xs/(rmin™') EERFE BHAE/ %
1 5.00(+1) 60 (0) 650 (1)  28.75 7.48 10 0.50 40 850 1452 28.15
2 2.75(0) 60 850 (0) 27.34 12.25 11 2.75 60 850 28.12 12.13
3275 60 850 25.29 11.71 12 2.75 60 850 26.58 11.20
4 050 (-1) 60 650 1646 3285 13 0.50 80 850 15.88 35.7
5 5.00 60 1050 (+1)  28.87 7.34 14 5.00 80 850 31.37 8.17
6  0.50 60 1050 17.57  33.60 15 2.75 40 650 26.42 11.33
7275 40 (-1) 1050 22.08 10.36 16 2.75 60 850 27.43 13.55
8  5.00 40 850 28.06 7.19 17 2.75 80 650 18.90 8.94
9 275 80 (+1) 1050 24.72 11.47
xR8 HEDMER
Table 8 Results of variance analysis
" S R E
" SEAM HEE B F 18 P1H SEM AHE ¥1J5 F1H PfH
] 407.86 9 4532 2393 0.00020 1595.68 9 17730 7546  <0.000 10
Xi 320.30 1 32030 169.13  <0.000 10  1253.13 1 1253.13 53331 <0.000 10
X 0.61 1 0.61 0.32 0.59 6.58 1 6.58 2.80 0.14
X 0.92 1 0.92 0.48 0.51 0.59 1 0.59 0.25 0.63
XXz 3.90 1 3.90 2.06 0.19 10.77 1 10.77 4.59 0.070
XiX3 0.24 1 0.24 0.13 0.73 0.20 1 0.20 0.08 0.78
XoXs 25.81 1 25.81 13.63 0.000 77 3.06 1 3.06 1.30 0.29
X2 17.80 1 17.80 9.40 0.018 319.64 1 319.64  136.03  <<0.000 10
pez 15.82 1 15.82 8.36 0.023 4.91 1 4.91 2.09 0.19
X3 16.57 1 16.57 8.75 0.021 1.34 1 1.34 0.57 0.48
% 13.26 7 1.89 16.45 7 2.35
AT 8.61 3 2.87 2.47 0.20 13.38 3 4.46 5.82 0.061
AR 4.64 4 1.16 3.06 4 0.77
M 421.12 16 1612.13 16

SO B 2 o LR S SRR P AE 3 509 0.201 2 A1

0.060 9, PRI BT 2] (1 5045 5 L0 HE L& R 47
P TR A0L G T3 R 0 0 DR BG4 =26.950 + 6.330
—0.276 2 X>+0.338 7 X3+0.987 5 X1X>—0.247 5
X1.X3+2.540 X2X3—2.060 X12—1.940 X22—1.980 X2,

R2=0.97, R.?=0.93, LHRZE (CV) =5.70%:;
HAE=-12.520 X,+0.906 9 X,+0.271 2 X3—1.640
X1X2—0.222 5 X1.X3+0.875 XoX3+8.710 X12—1.080
X2—0.563 4 X3%, R2=0.99, Radf:o 98, CV=9.89%.
WKHEAUE BB, J3 ) 22 0] P 5 R 2R X0
W br i = 2505 T L 5D o MR A B 22 T 25 58
HEEGELbE, ek T2 &R R
% 2mg/mL. JIFGEFE 65 C. HiFEHE 900 r/min.

2.3.5 AT TZEAE AR A T T 2]
#% 3 it Bai/HA Co, *Mftiab)7 TZH#ATIRUE. L
A JE AT T2 A RO 24.48 5. A=
N 17.71%. 3 HEFE S AT RIS 80N 23.37 1.
BAEN 17.09%, SR F A X R 2 55 90 8
4.52%F1 3.50%, 15t B8 Ik e B TR AT AL 5 T2
AL RITRIM ( 4b 77 T2 SHOE AR PTSE . PRI,
B &0 72 1l 4% Bai/HA Co A5 125 M3 H i R i
EIRE 2 mg/mL. KB IIHGRSE 65 C. fHHENE
900 r/min. HFEHSE 1 he
2.4 Bai/HA Co FURINB B AR
2.4.1 AR AT B S U B E T
(1) it 4% “2.1.17 WFEigss:,
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Ho

R

/Y%
AR/ Y%

Xi/(mg-mL™")

X/C

577 0 =
AT <
LA AL 18 =
255 L
BB g 20
G| R
688200007
'0.:"'
LA

in]
a1 X3/(rmin") 75

E 5 &HERNEREHMIBZGEI AN HE E

Fig. 5 Response surface diagrams of effect of factors on solubilization ratio and drug loading

SE ARG HURE i B 5 T R

(2) S5 R SRR ) 2% 23 KRS 25 AR EX 2.00 mg
T IR T SomL B, A& LRER R
JEAAZE B K. pH 1.2 EiFRIETR. pH 4.5 BEE2
RN pH 6.8 WEERER MR (PBS) %, 4
40 pg/mL 35 251 06 HE S A T TR [R) AR AR X6t
MGG, A R ETK. pH 1.2 SRRV
pH 4.5 BE PR h 22 ph RN pH 6.8 PBS Hikeik 0.5+ 1.0+
2.0, 5.0, 10.0. 20.0 pg/mL FIAS[F VA HIA R i 35 55
X A TR

(3) S % DO H/0E R R R
A4 5.00 mg, BT 50 mL &=iF, SRlHEETF
K+ pH 1.2 $hERVAWL. pH 4.5 BEEREhZ2 AN pH
6.8 PBS IR 254, & BAFH I -

(@) LRt o) BIFREUE & 3210 iR i
IO VR G DL BS 17K pH 1.2 EhFR I
pH 4.5 BEER £h 2% /AN pH 6.8 PBS #ifE, il 4 AN
WA RS R MBS =B AR, 5
BET 2B F/K. pH 1.2 BRAETR . pH 4.5 BERR £h
L2 R pH 6.8 PBS H A AN RIS HE A5 11 3% W i 1
VW FREGE B Bai/HA Co, MBI 2B 17K, pH
1.2 BERIEW. pH 4.5 BEFR SR 2 A pH 6.8 PBS
WAk, REEYFERI ERENE, ki,
ANABEHA B &P E HPLC B 6. £E T
K+ pH 1.2 #hERVK . pH 6.8 PBS 55 -+ H Ui [a]

%18 12.8 min, pH 4.5 BEER Eh 22 vy b 26 2515 g
B IE2A 13.3 min, UETEI5 R AT, I R R B 5
MWE T, kTR R L.

(5) RMEKRRFELE: HAHBCRFEN FEIAFE R
TR BN B AR E , SR AR, DA TH
FURHP AR (Y, %of HE T I TRUTE B R B A AR (X0
oxbR e 2R, AT, 1R KB T
KRR UE 2 TR A Y=90.043 X—39.941, R’*=
0.999 7, pH 1.2 W H MARAEMZ TN Y=
61.516 X—20.23, R2=0.999 1, pH 4.5 BEFRhgz ot
Wb kR e 2 7 RN Y="77.872 X+8.3554, R?=
0.999 4, pH 6.8 PBS H [#indE it 277 #24 Y=280.174
X—33.964, R*=0.999 0, Z5REXHIESFIE 0.5~
20.0 pg/mL &1tk R R 4F .

(6 RrMIBRAE B DA I 51
W VT AR LU S5 T 3 ME AR PR, &5 RAEANA
A T R S ORI R 350 0.1 pg/mL; DTS
TR S A L ESE T 10 fEAE
BIR, RIEAFE BN TS E R E RS HA
0.2 pg/mL.

(7) FEHRE R 7 WSV A R 3 55
%o Rt i 29, RN IS RIS HH A SRR R A 0.5 5.0,
20.0 pg/mL B BEEFE X R SR, 1 d NIELEIE 3
W, ENE 3d, THEH PR A H RS R
gEREE TR, K. P EFRKRE SR
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A WA
BT I

B R
AT
j\Bai/HACO
B, O smuma
EYIRR
e

A
J\Bai/HA Co
A— ~

7 W R

R
W )
Bai/HA Co
0 5 10 15

t/min
a-FE XX I b-IBBAR; c-Bai/HA Co.
a-baicalin reference substance; b-hyaluronic acid; c-Bai/HA Co.

Ee6 BHRBEXRBETFK (A, pH1.2 &R B). pH4.5
BEBRER4E R (C) 71 pH 6.8 PBS (D) FiFHLIHY
HPLC [

Fig. 6 HPLC diagram of samples in deionized water (A),
pH 1.2 hydrochloric acid solution (B), pH 4.5 acetate buffer
solution (C) and pH 6.8 phosphate buffer solution (D)

SRR H N RS 2 RSD 405N 0.26% 0.27%-
0.05%, HIEHEE RSD 7358 0.86%. 0.43%.
1.65%; pH 1.2 FRERWH, K. H. Sl ER S
TRV H AR B RSD 4371104 0.92%

0.31%-+ 0.55%, HIAFEEE RSD 4378 1.08%-
0.66%- 0.43%; pH 4.5 BEEEShz il d, (K. .
R O B VA N RSN H RS %5 B RSD
3N 0.96%. 0.66%- 0.44%, HIA4525 ) RSD 4>
W 1.64%. 0.83%. 0.41%; pH 6.8 PBS 1, ik,
L O AR R B T R A O R
RSD 4514 1.38%-0.34%-0.34%, H [0} % RSD
I3 0.52% 0.33%- 0.89%, 13 /£ 7 R E SR .

(8) FasE MEiEe: 43 A LB 25 /32 B ot R it 3K
WVEW, T 0. 24 4. 8. 12, 24h HEREIIE, 0
WA, ZERMAEEE K. pH 1.2 TR, pH 4.5
R SR 2PN pH 6.8 PBS B 551 /4% W 5 FR 1)
TSI R RSD 40508 1.53%- 1.36%- 1.33%A1
1.70%, 3503 2 T2 K

(9 el 70 H 1.0, 10.0. 40.0
pg/mL T 5 R FE (1 2 I HA A o B 25 0T TR VA T
500 uL, B 2 mg/mL H)i%E B BRI A 1 mL, Fic
HIER EIRE N 0.5, 5.04 20.0 pg/mL FIEE VAR
BN R RIRETAT 3 4, HERENSE, ESRIEmA, 1F
BORERI R, R EE K, K P mRE
TR A S ) T S5 A [T WAL 53 0 101.45%
100.49%. 100.20%, RSD 435N 1.26%. 1.16%-
0.23%; pH 1.2 R, K. W i W5
IR I0RE I ER 739008 100.02% 100.19%
100.59%, RSD %3514 0.93%- 0.23%- 0.95%; pH
4.5 BERR R v, AR, P BRI R S VAT
()7 35 A R 2R 45 5 4 100.88%  100.27% -
99.72%, RSD 4354 1.61%- 0.58%- 0.63%; pH 6.8
PBS 1, K. . Sl SRS IR
[R5 A 99.69%- 99.18%- 99.05%, RSD 434l
A 1.14%- 0.84%- 0.47%, 533 T7ikSF R,
242 MAMNEHER SR (REZH) 2020 iR
55 DU tH S SRR M e V56 =i CGRB) ik AT
M2 o VA58 900 mL 258 7K. pH 1.2 #;
TRV pH 4.5 BEFR RS2 RN pH 6.8 SRR, %
HCA 50 r/min. FE B FREGE X4 . BA/HA PM. Bai/HA
Co i&EE (MMM T 6.0mg BXH), MR, T
5. 10~ 20. 30. 45 160 min BUFE 10 mL, [F)H %k
T TR PR AR TR B R BT SR A . U PR R &
0.45 um TFLIEEIIESS, H HPLC e, +HHE
ST SRRV AR IR it 2k . SRR AR
A 2 an i 7 B . 72K, 5 min i, BEY)
VIBIREY) . EE T R R 008 99.0%.
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A
100
80 1
S
£ g
&
K
ag 40
—e— LY
20 1 —=— Bai/HA Co
—+— BA/HAPM
0
B —— A
60 | —=— Bai/HA Co
X —a&— BA/HAPM
% 40 1
&
\]-;'é
B 20 M
X % D
0
C -
100 1 = —&
80
o\\c'
E
X
S‘é
me 40 1
—e— A
20 —=— Bai/HA Co
—4&— BA/HAPM
0
D
100
80
S
EE[ 60
E[é
B% 40 1
—— B
20 - —#— Bai/HA Co
—4— BA/HAPM
0 T T T T T T
0 10 20 30 40 50 60

t/min

E7 BEZHEERZ. Bai/HA Co. BA/HA PM EEEFK
(A pH 1.2 2R (B). pH 4.5 BEERERE WK (O)- pH
6.8 PBS (D) HEYASNEHEILZ (X+s,n=6)

Fig. 7 In vitro dissolution curves of baicalin, Bai/HA Co,
BA/HA PM in deionized water (A), pH 1.2 hydrochloric
acid solution (B), pH 4.5 acetate buffer solution (C) and pH
6.8 phosphate buffer solution (D) (X +s,n=16)

61.7%- 36.7%, EEWIRE R R T 2 S Rk
ZIRYEIREY), HEIREY SURTERIZE; 60
min B, PHEIESYHEH R (85.8%) KT 3T

(74.3%). £ BHIEAFRIK pH MEE T, EEH S
AR AEAE , WIS 22 5, DRI ZEAN[A] pHL (1)
WA TP B S T IE G T o LS %
TEAS R B AR . e 7 mT 0, B pH T
. BEY. VENRAY. EEH IR Y
#ahn, BAEpH 1.2 F1 4.5 Wi, SAWKHEHH
EART PR A YN E JFRL 24, pH 6.8 i,
SHBH LR ER, EEWTH RS T AR
Wb WTWEREEYG, Reid iR aE AL
pH 1.2 F1 4.5 24 NI RS, It .
2.5 Bai/HA Co BYERHLHIERTT

251 A B0 AR H 21 Ab S8 1 (Fourier transform
infrared spectroscopy, FT-IR) Z3#r  HUEH IR
HMEH . HEH/ GV RERYHEIEEY) (baicalin/
hyaluronic acid physical mixture, Bai/HA PM). Bai/HA
Co & &, 77 W SIRA R RBF 5197 v, 72 4 000~
500 cm ™' IC AL AMR IO RE R RET b, 453 L
8 J7 BA I MR I RFAIE VG 2 BEAE 3275 em ! /2 A5 FR BRI
-OH 5 HREN L IERT 1 604 cm AT R B FE I
Wl . TSR IRRIEIE A 3 547 e ! (R 31 B e dk i,
3488, 3391 cm! {17 |2 KL 45 &I, Bai/HAPM
7E 3546, 3486, 3393 cm ! AL B T BB IKAFAE
Wi, 7E 3277, 1604 e AbH B T 3% B R BR 1)
FRAEWR I, 22 8] Bai/HAPM h — %A K AEME
YER . TMifE Bai/HA Co G+, 3546, 3486, 3393
em ' AR HRHMEETE R T, 3 275 em ™! AbiE A
JRIR-OH M 4adkahg, af % 3263em™' 4k, &
) 35 55 R0 B SR R I 8 2 2 IR0 7= A T A EAE
AIRAE R T S

Bai/HA PM W
Bai/HA Co

A
7 R
4000 3000 2 000 1 000
v/iem™
8 BRARES. = E. Bai/HA Co. Bai/HA PM i FT-
IR

Fig. 8 FT-IR spectra of hyaluronic acid, baicalin, Bai/HA
Co, and Bai’HA PM
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252  Z 8 A # & # ( differential scanning A PHEMLERAFIENE, 5 CERIRIE—E12); Bai/HA

calorimeter, DSC) 7#1 BB X5 B IR« Bai/
HAPM. Bai/HA Co %] 5mg, 4B TAE%E k%
e, TTERESUNE 30~300 Chnf, 2tk
In#GEZ N 10 °C/min, Z AR E N 20 mL/min,
SR LK 9. B FEAEIZTE 220.15 CAA—H R
()% 04, Bai/HAPM 7E 220.63 ‘CEA HIL T #%
TR R, A i T B 5 A R, X RTRE R
HFEAES RS, B EANEERRE SR TR
AT —EMAHEAEA . 17 Bai/HA Co FIB A 4
WY I, U BA 254 LLJG 8 BUIRAS AR 1E

25.3 MR X BEATH (powder X-ray diffraction,

PXRD) 43#7 HUEZSHF. #WHEER. Bai/HA PM.
Bai/HA Co i& &, 4377E 40 kV [FJHEEF 25 mA (1]
FLRL NIIE, LA 2°/min R 5°<20<90°
A BT, SR LE 10, BEEE JERLZ

B
9
fu

R
e
T/°C
9 ERARES. |ZFH. Bai/HA Co. Bai/HA PM H)
DSC [E

Fig. 9 DSC thermographs of hyaluronic acid, baicalin,
Bai/HA Co, and Bai/HA PM

1
J W
! ! Bai/HA PM
P, |
- 1

s | |
I e Bai/HA Co
l
,L.‘LILI!_JFI "I""\l ‘,,-| L UM AN AAAAA A nr . ﬁ N ;F.f
H — — S
1
1 |
. B TR
-
10 30 50 70 90

20/(°)
10 ERARRER. | H. Bai/HA Co. Bai/HA PM 9
PXRD
Fig. 10 PXRD spectra of hyaluronic acid, baicalin, Bai/HA
Co, and Bai/HA PM

PM tHHH B T B A S S 4G A R, R 1R
BV S 25 A S0 . B Bai/HA Co
KA BB 45 i RRE I, W ZIE R S
AR RS TE AR ALE
2.5.4 Bai/HA 47330 )12 454

(1) 5 FEHRSCATESL: KH GLYCAM /13
(http://legacy.glycam.org) . H A4 %1% B i R — Hil £
TG, A E S HITHEAT R EE W R > 1. A
W BT R AT 5 %5 70 TR 42K Ambertools2 11241
PRREEHATHIE, EWRIR ST KM GLYCAM 06;°)
1%, Z3/Nor1 R GAFF 77134120, i acpypes
¥y GROMACS #2X, 701 3h /)t 18
GROMACS 2021.5 AT IR, 45H EIE M &
f#F VMD 1.9.30278 44,

(2) 43 F3 /1% (molecular dynamics, MD) #&
fh: fEH Packmol A 10 ANiZE AR 7+ 557
ATHEARZE 10 nm X 10 nm X 10 nm B &+, FFAEH
IS 20 NMEEFHSWH T, KWIERET spe2l6
KBRS T Rk &, SRR &R 1.0 nm,
VNAN 0.1 mol/L 1) Na. ClPHiEs1, HAERATHR
ReE /MU R, 7E NVT REZE TIE1T 0.25 ns LAA
BV e IR FEARA AR R, Z 5K NPT R85, AL
N 298 K. JE 7724 100.0 kPa, i FE#% 52K i V-rescale
J7i%, B S1#E®K H Parrinello-Rahman 777%, K
N2 fs, 3BT 1000 ns (7073 J1 2. FREUEL
A, A Gromacs 43l 115 Bai/HA Co & & (1)
Y)W 7% (root mean square deviation, RMSD).
IR R HA (solvent-accessibility surface area,
SASA) M- H 5 W R Al A B8 . HpI
M REERME 11 P, S ras Rankl 12
Jios. BB 11 "W, 7€ MD ] i3 W foe g A
LSE A E AT, WA, 7E45E 1 000 ns

1 000 ns

—)

MD

RAMS

FFiEH %
11 BA/HA B9 MD EHHIEHRFREHR

Fig. 11 MD simulates the initial and final conformation of

baicalin/hyaluronic acid
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RMSD/nm

3.5

3.0

25

2.0

H-BEH-F % H

115 4
110 1

1051

SASA/nm?

100 1

951

500 1

450 1

4001

SASA/nm?

350 1

300 A

0 200 400 600 800 1000
t/ns

A-BEXF/3% R B R ] RMSD; B-"F B AN 35251 535 0 IR IR
TSR, C-REH RN SR D35 H /S
B o PR e 2R R 75 T B AR T A

A-RMSD of baicalin/hyaluronic acid system; B-the average number of
hydrogen bonds between each baicalin and hyaluronic acid molecule;
C-the SASA of baicalin system; D-the SASA of baicalin/hyaluronic

acid system.

E 12 MD &S HhsE

Fig. 12 MD simulation analysis results

1) MD #5405, BB IR 7 FAH ELgESs, HE
T BAEIE I RIR 72 8], B LR TR
BIEAE, X5 PXRD f1 DSC 45 AT MK 12-A
AT DUE Y, 78 MD RS FE S, 7R R RMSD 46
LARFFE 6 nm o P, (HIESEERK, H24
SEH, IX AT RE AR BT B R — R AR 4R

ERRPKERME ST, EKERP A RRZR
PERT IR, BB TR, REHEEITLE
HECE S B B g5 137 I R v 2 7R KR A
Wri%sl, s AR R (1) RMSD {H#  RRalil
3l HE 12-B v WL, 58551 A% B 5T R AR ELAE )
B E AP R N, R AR e
NS SBEWRRIL K 2.5 N, X590 70
g AL ¥R KR (solvent-accessibility
surface area, SASA) {H &P Al LA LT Hb s B 254
ST R BRI AR AR bR, S A/
% WIS AR 2R 1) SASA 34 K] 12-C AT 12-D 7]
WL, BEEH/AE R 1A R AERT 600 ns N SASA i
AW TR, UL R 2 (A B, REAS S KB
fil I TAR R D, fEEE A S 4. 2SR
g 37 B IR 5 02 W T R TR A EL &5 A A o i 75
JG, 600 ns J51& &1 SASA HIZFW TR, [N
1ESE BT 25409 T 1E /T 600 ns 535 W iR B 43 T A 45
A 5T SASA (] 12-C) WIFRIRS7E 600
ns G REEORFFRRE, LRI A R ESH O
FERIRIA BB A IRE, B R
U by VP 3 B TR RS A A A R, B BL B MD
B AT L, AR R AEAH BAEH R AE K T g2
— LA o> TS B IR AR E A &, 1R300
B R 7)1 B SC3E— 0 Mg 2 B 22 (1) 25900 R i W ol
1%, TR T B KN Bai/HA Co E & . XWAREE TN
T2 2 W8y 70 5 25 45 A R O O B 13
TR R, K 145 A REAUE A5 R B2 5 it
17, WEH/IZHEEGYIRE STV, 1R FR AN
FRIE o

2.6 Bai/HA Co MI{ARZHIENHE

26.1 WETHIMENDIE  SHCERITIEDS,
KA HPLC 7€ 35 H I & .

(1) s B~ Phenomenex Cig #E &
FERAE (250 mmX 4.6 mm, 5pm); VREAH A EE-
2%UKEERR KA (54 ¢ 46); RFIIE 0.8 mL/min;
R 278 nm; #EiR 25 °Cs HEFEE 20 pL.

(2) BN I A B B A RS PRI &S
XA 2.50 mg, BT 25 mL &, FHER
fRIFEZE, 19 100 pg/mL B 2556 HE AR

(3) WFRIET O RHEIR R ER D 1
% FEEEOT R R IR H S 5.00 mg, BT 25
mL E, HWPEERIFER, 13 200 pg/mL A
PRBE, RS REL 1 mL BHET 10 mL &4, 0
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R E 2, 13 20 ng/mL PR FRVETR

(4) EEFXT IR VE: RS — 2 %S
HOO SRR, &SRS ECH] 1. 4. 8. 124 16,
20 pg/mL 135 20 B VAT 2 A BOZ R 5T
IR FE B2 AF O I VAR 50 pl, DK RS (i
Z 100 uL, EC# K 0.5+ 2.0+ 4.0+ 6.0+ 8.0+ 10.0 pg/mL
F18) L 3 25 56 R A A

(5) MEAESALHEE: B 100 pL MEAER T 1.5
mL B0 T, I 30 pl 1 mol/L 2 — &4 I
AL, e 2 min, FHIAN 20 uL AR, 9
JiE 2 min, fOA 250 uL HEE, &€ 5 min, 7E 15000
r/min. 4 CZ&HFELO (BO0¥4% 8.2cm) 15 min.
B B3 100 uL, fRIMEFES, 1% “2.6.1 (1”7 TR
T 2R A HERE I A

(6) LEthHes. %M “2.6.1 (5)” W RHIFE
RSy S | Ko St = | IR AN = [ A A T e
ZEERT IR A RE S, IR 2 R, R
W, 5% 7% B . MRS 38571 HPLC
BIanEl 13 fow, 35 HER DY 9.8 min, MR
MR RRHER) IR EY 8.4 min, HARAN
TSI BEN 2.47, PIFR DA I3 N IR Tk
WEHNETL T, TRt RL.

(7) LR RFELL: BUAN A5 S B 1) I 3
LA IR ARV, AR “2.6.1 (5)7 TR J5ikAb
Ja . EREIE, DABEES IR AR S A bR T AR 2 L
(Ap/AD NIAEFF, X FEIRIE (Cs) NEALAR,
HATEIERNE, REETFEN 4s/4,=0.434 4 Cp—
0.112 9, R2=0.999 6 (n=3), 4R EEISFLE
0.5~10.0 pg/mL £& 1% R R Uf .

A !
M
B s
J uﬁ\ W A
C )"u fﬁ‘gﬁ
A b .
0 2 4 6 8 0 12 14

t/min
13 =EMEK A). MREZHNRE B). ig RHE
6 h X MK+ (C) B9 HPLC
Fig. 13 HPLC diagram of blank plasma (A), plasma
baicalin reference substance (B) and plasma profile of

experimental rats at 6 h in rat plasma (C)

(8) RMPRAE ERE S LIS g E
AR VR AR 1 LU S5 T 3 PR NRTIIER, 455K
0.2 pg/mL; D3 % FPIsE T AR 553 38 e 2 I TR AR 1 EL
EHET 10 ENERR, 455 0.5 ng/mL.

(9) KR : 2alH &S ERERERN
0.5+ 4.0, 10.0 pg/mL [ MLKAFE S, BN EIRE T
1754y, %R “2.6.1 (5)” TR Fikabsje, HEFE
WsE, 1d W PATIE 5 IR, FELLRNE 3d. HWKS
S5 RSD 43 N 2.38%. 0.41%. 0.14%, HIAKE%
J RSD 73714 1.84%. 1.87%- 1.22%, 353 /& J732:
ER.

(10) FoE P BUM KR Si% I “2.6.1 (5)”
DUR TR S, 4050 04 20 44 8. 12, 24h
HBEREIE , 25 S 8 25 7 A N AR T AR LB RSD Ay
1.60%, B MR AT St ViR e Ve R 4F, W 2 7%
ER,

(1) BERMRK: BUM AL R 6 1y, %88
“2.6.1 (5)” TN kb si g, dEREe. 45 1%
A A AR UG T AR LUAEL Y RSD N 1.32%, 2R HA1% 7712
HEMRLT.

(12) ZEHL S a5 52 43 ) i) 25 55 H o ik
FE N 0.5, 4.0, 10.0 pg/mL (FIMSEAERIERL B
JREW AT 548, % “2.6.1 (5)” iRy ikhb3#
Jei s HEREDNRE, TR S RN A e T AR A LEAE
CEDs 7y BOURH JRL 5T B3 FEE R B 5550 R A bR v, gk pE
Wi, HEESEMAARERRIE (F), a3
B R =F/F THEAR R 1S R
R 351N 96.90%+ 97.60%- 99.91%, RSD 43514
4.08%- 4.54%- 2.82%, ML IR EER
2.6.2 ZiMahitEScss B12 A SD K RBENL A
B R 25 4 A Bai/HA Co 4H. T-S236 0T 14 h 2%
BAEIK, FEHERZGH 0.5% CMC-Na /Ki#E
TRECHI X H R =R E N 10 mg/mL FIVREW,
Bai/HA Co ZH & TH7KBC i BOAH 24 T 2 i 2k
B9 10 mg/mL IR, 4% 100 mg/kg [F77& ig 45
24, igJ5 T 5. 10, 20. 30min F1 1. 2. 4. 6. 8.
9. 10, 12. 14, 24h HRAEELIL 0.3 mL, 4 000 r/min
B0 (0¥ 82 ecm) 10 min, WM, Mg
P AL EE f5 H HPLC v 2 S5 H R sk g . K
LA 24 )5, BEEEHF AT Bai/HA Co 1L 2494 & -k a] il
LRI 14 fios. SKH DAS 2.0 B H 25505
¥, SR NFE 9. MWK 14 ATLLEH, Bai/HA Co [
I 25 R FEE 1 458 3 o HH LRI U] ) B — PR USC 0, Bai/HA
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Bai/HA Co

125 ¥R FE /(ug-mL ™)
o

i
BRI "P<0.01 7*P<0.001.

“P<0.01 "P<0.001 vs baicalin raw materials.
14 EZHERZSR Bai/HA Co HM 75K E-AEEhLk
(Xxs,n=6)
Fig. 14 Plasma concentration-time curves of baicalin and
Bai/HA Co (X s, n=6)

Co H4r5IFE 4 h 1 9 h AL BT M2V FE 5
&, H Bai/HA Co H L2594 B BA & 5 T 3 5 1 Js k)
2y, ] WL 2 5 30 B o R Y B A i RSO
HHEE 9 Al %1, Bai/HA Co [*) AUCo—+» AUCo-ov Tmax
A Crnax IR KT % H JFRLZS (P<0.001),
AUCo-ofl Coax 73 072 35 H R ELZGI 2.24 5 A0
2.59 1%, AMMAHERERS (Fr=224.22%).

3 i
ANE RS AR ER, T

2 A R R E 2 M TSRS T
[ AL & H RS (AG il AG 4a) FE0HE Y
I, RS S A ORI, XAl RER T
HEH S SR R B RETH, izl i
HoH AT, HE G R IeE, RN E SRaE,
DR P 9 ROOCR e, L rds T o RN 25 FR 1

®9 EZTHERZHM Bai/HA Co NEEHEZESH (X+s,n=6)
Table 9 Main pharmacokinetic parameters of baicalin and Bai/HA Co (X £ S, n =6)

ZH L A Bai/HA Co
I 253 B - (Al 28 N A (AUCo-0) mg-hL! 9.51+1.38 26.06+2.00"
AUCo-» mgh-L™! 15.61+£1.66 35.00+3.42"
I [ 5 1 245 9% B (1) SRR B) T 26 R I T AR CAUMCo-0) 48.2449.81 163.97+23.84"*
AUMCy- 141.96+15.01 289.48+75.57"
X5 B ] (MRTo-) 4.61£0.41 6.28+0.58"*
MRTo- 7.88+1.88 8.39+2.33
SR BRI ) 5 % (VRTo-0) h? 7.15£0.79 9.71%3.12
VRTo- h? 60.23 +14.62 35.88+13.54
IR (ne) h 5.3440.64 3.65+1.40
e TG 9 h 2.18£2.02 5.67+2.66°
EERER (CLJF) L-h kg™ 4.06+2.07 245+1.11
KA BRI (VIF) Lkg™! 66.04+27.09 20.18+13.44
RERE (O 0.08+0.06 0.2140.20
B IR 2 R - -
FSRE ¢, (RBRIAAFETAED mg-L™! 1.06+0.62 2.57+3.16
BRI 2 E (Cmax) mgL! 1.60+0.55 4.15+0.70"*

SEEHFRZGHE: *P<0.05 P<0.01 “*P<0.001.

*P<0.05 "P<0.01 *“*P<0.001 vs baicalin raw materials.
RORFUT -

£ Bai/HA Co il % L Z A 5 R 3R s i
B B BRI G R, HVA S BOE R, (HERZE
KA o X FT RE S R A B A 35 W) Jo VA B2 AN 1 e
NHEEFRMEE 2 M AL AL, ATV R BN K
BT EW R EARN > TR, 2@V R
T HAAAE, AR T PR SR B RSN, AR

R R AR e R D SR R, B
Fim LRI T, B A St N IE W5 R BE L
fairrh, H2R A A, TR E S EE A
FarE . RGPS P e 3 2R et -t
NIEWIRIR > THEFFIIER], ARIEREE RERS N DUE
Yo B AT S 2 AT EL e, T 403 P 3 v
RRIGESE T ATEIRES, B W FIRESH T ) B
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N, FHPPESE S FHEERELS S ®mS
o>+ 5 & IR 73t K A EAER R A
BT B A RETE R, AR I 7EHT A
B BRI R I, VAR, HEVA R EGR S,
WAEMA, £ 1 hIERCKER] T — MR
EMPIRES, Mt — D3l g bt (], ] §EXT%E B
PR (1) 25 [ S5 M) B2 A W R B A e e A s, A
TEFRFEDRDN, BB ERAS, SRETERD.

B3t FT-IR. DSC 1 PXRD 73 #r4 &8, 24
YI1E Bai/HA Co H ULTC e BUIRASAE(E . IR, &%
/325 BA TR 1) 43 1 R 40L 45 SR S R B 55 4 F 4
EFEW R THET, —HM RS ShE4
MHEECR, H15 XN 51T, Bai/HA Co &5
B, PRRERR T, 30 B T RO B S I A R
BT o DRI, TEARSMNA H 555G, Bai/HA Co RERE N
PR A I, X RN M 25 P A U
SEAKMERIERRER T, e i ZiPadyst; i
BEYY, UL R0 iTEE AR, &
B R RR sk YA B T2 5K ek, T HE— 2 A%
B By g, HPCRA L Bai/HA Co. 7EAS
5[ pH 338, B pH THiE, &Y. MRS
V). ARG s N, X ATRE A T
HH BT SR, BEE pH ThaE, RS
wahn, SRR, WHUMB; 4 pH A F) 6.8 B,
TS R RL 2 BRI M i, ViR, BRIk E RS
Y. VEREDIRIE HEA B E R

258 715528 5 B R Bai/HA Co [HILZ45 3K
FEm TS, X2&HT7E Bai/HA Co 1, %1
DATE e BOIRASAETE, WM AR, M5
FE o BUE SRR R E R R, N T 45 B
WFEARTIAR, INtR T 2R, o, A
e AEYIRI . B SCRIGE, B5H2sh/24
WO (PK/PD modelling) M 7 307 3 2 H HL AL
VEF IR FE S SRR B 2 IEARCHERY, Hpr R
RN T2 S 259 3 = i A3 31 7 9 Bk
021, Ak Bai/HA Co % T35 51 AW F1 F FE 42
EG A BT ECE ST RN AR FIR, B
{0 0L 2479 P 1 208 52 300 P Al B — PR S Ui ] et T
S EAAAE A, (RO I 1) 355 i
NRVTHENIGIE, 15 i B S R 38

ASZIE Iy RN 0y T B 1 SR R T
E5AN TR 22 W R AH 2565 T A b T 22 4 %of ¥ V%
P2 IR B8 T, ALh S5 1 s a6 25 S — 2

DLIZE BB B B, SR PB4 5 VAR T
B4 7 Bai/HA Co. iZikER{EfRISATIAT, #1715
MR AV TG KEYELE, "A R E S
EARREE . W IR . AR, & R 2
— PR RARAFAE T AR LU 28, B RIFME
VAR VERAE Do) B, A SR R EERIE,
Bai/HA Co B4 [ () % FH i 5%« Bai/HA Co ] MD
BAME R T 355 71518 R R 4> T 8E X B Bai/
HA Co 73, W AJEEAHCHE AP tiE .
RBAR FAVHHERRALEF BT R
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