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Solvent-induced self-assembly phenomenon during extraction of flavonoids from
Scutellaria baicalensis and preparation of its hydrogel
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Abstract: Objective Exploring an effective method to tackle the poor water solubility of Huangqin (Scutellaria baicalensis)
flavonoids is necessary. Methods We conducted an extraction of S. baicalensis slices flavonoids using four different solvents:
methanol, ethanol, water, and 75% ethanol, all assisted by ultrasonication. To observe the morphological structures of the extracts

obtained with these solvents, scanning electron microscopy (SEM) was employed. For quantitative analysis of the flavonoids from S.
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baicalensis slices, we utilized ultraviolet spectrophotometry in conjunction with the standard curve method. The structural analysis of
the main compounds in the extracts was performed using '"H-NMR spectroscopy . Furthermore, we prepared hydrogels with controlled
structures incorporating flavonoids through self-assembly and physical crosslinking techniques. The morphologies of both the plain
hydrogel and the flavonoid-incorporated composite hydrogel were analyzed using SEM. Rheological assessments were performed to
evaluate the rheological properties of these two types of hydrogels. To gain insights into the interactions within the hydrogels, Fourier
transform infrared spectroscopy (FT-IR) was applied. Additionally, we conducted the release behavior of flavonoids from the composite
hydrogel. To assess the antioxidant properties of the hydrogel regulated by flavonoids, free radical scavenging experiments were also
performed. Results During ultrasound-assisted extraction, the flavonoids from S. baicalensis exhibited self-assembly behavior
dependent on solvent type and ultrasonic power. Dissolution was notably enhanced in chitosan (CS) weak acid solution (pH 3.0—
3.5). Through hydrogen bonding interactions, we achieved concentration-dependent structural regulation of the polymer network. As
the concentration of flavonoids increased, both the network density and uniformity of the resulting hydrogel improved, accompanied
by an increase in its specific surface area. Observed pore sizes from micro- to submicron scale prolonged the release of encapsulated
flavonoids. Furthermore, the released flavonoids exhibited a high capacity for free radical scavenging, and the prepared hydrogel
dressing can significantly promoted the healing of chronic inflammatory wounds in rats. Conclusion This work demonstrates the
solvent effect in the extraction process of traditional Chinese medicines, providing a basis for the rational selection of extraction
solvents. Moreover, it presents a method for preparing hydrogel dressings with controllable structures, offering a useful theoretical
foundation for enhancing the bioavailability of flavonoids in traditional Chinese medicines and designing high-performance hemostatic
hydrogel dressings.

Key words: Scutellaria baicalensis Georgi; flavonoids; ultrasound-assisted extraction; Chinese medicinal herb assembly; hydrogel;

sustained release; solvent induction; self-assembly; physical crosslinking technology; rheological property
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Fig. 1 Optical images of extracts obtained with methanol

(a) and ethanol (b) as solvents
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Fig.2 'H-NMR spectra of extracts obtained with methanol (a) and ethanol (b) as solvents
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Fig. 4 Optical images of assemblies obtained with
methanol (a), ethanol (b), water (c) and 75% ethanol (d) as
extraction solvents
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Fig. 5 SEM images of S. baicalensis flavonoids obtained with methanol, ethanol, water and 75% ethanol as extraction solvents
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Fig. 6 Optical images of assemblies obtained with
methanol (a), ethanol (b), water (c) and 75% ethanol (d) as

extraction solvents
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Fig. 7 SEM images of baicalein dissolved in ethanol
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to form assemblies (b)
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Fig. 8 Ultraviolet-visible spectroscopy of baicalin
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Table 1 Preparation of CP-based hydrogel substrate
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Fig. 9 Optical images of CP hydrogel substrate
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Fig. 10 Schematic diagram for prepatation of S. baicalensis flavonoids-based hydrogel
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Fig. 11 ATR-FTIR spectra of chitosan, PVA, CP11 and
CFP11 hydrogels

1M 3 382, 3 375 e A EIR A MRFIEIEFE &2 3 370
em ™!, R PVA 5 RHIER T M AR A
A S, CP11 7KEER 3370 om™! AbIRIRFAIE IEFS
#3363 cm’!, UiHHE A EET AT LA PVA FI5E 5
PHIL A8, CFP11 5 CP11 #HEL, 76 1142cm™ 4b
H LT IR I, SX VTR F- C-O FI4iiRSh - 1 415,
1 082 cm ' FFAEUE ) SR IE 08, EATT Bl T C-
N H4EHRENFI C-O MZAiHkal, LA ES5IRIESE A3
i 5 5 o0 - 45 A TR A AR A EAE A

2.6.2 JEFIIHT T WIS IS 5 oK
I JE 45 K978 4, K SEM MLl CFP F1 CP 7Kt
S . ¥R E TEHER L, B ESRTE
(RE SRR TE SRR b, AR s 0 DA I 1
S, BEJGTE 10kV HLR T B S PR A o-300,
FCIENE MBI 28 2544, PVA T2 B0 (1 21 4
GhK, BT 5] N AL 7 B R R T AR R
SRR, BAAZER, LT AR 5T
MM IEEEE . 2R K 12,

74 \ y
/ ’ 7
4
Fh p

CPI5 CP14 CP13

— / SN ] 3 . PN
> ¢ A L\ ey
- ’ 7 BT o

flavonoids freeze-dried samples with different sizes

— kUL, ZILEMA R T SEm A i L
RGO B FE, B B FLAES R 1) FLEE
BAR S INMIERE . &SRS &M, Hor
O BN FLEE G S Ak Rk 35 5),  FLBRIZHR/N
S ES G R 2 20 Y A P B L NS = 7 N S EZE B
Z AR (1 T IR B AR, WIS, X
N 6 55 o T ) Jon B R FE AR O 15,312, 18.375,
22.969. 30.625. 45.938 8. 61.250 ug/mL, 5| NiK%s
5, CFP /KEERIFLAEY CP /KEERAH L AF
AN, HMEE SR St — i, S5fi%
BRLARMZE 2540, 25 FILE 130 AR 7 55
it PVA/ CS B A KB RN 2% R 45 R R 425
2,63 VAPEREIMNG ARSI S T B S T
5 R Dl e 2 18] i O¢ 32 45 24, F DHR-2
YR AR DA KB AR 1 RED 120, 7 20 °C 43
N 1 Hz AR 0.01%F1[E 52 A4 A 10.0 rad/s
FIZEAE R, WA CFP /KBRS A R i e A
(G FHRFEBLE (G") WAL, FREEET N 300,
Zx:1i] CFP 7K B IR I (A1 414 it 2% o S8 5 e F2 7 7E

CP12 CPI1 CP21

CFP15 CFP14 CFP13

B 13 CP &5 F/KERF CFP 7K EERREY SEM [
Fig. 13 SEM images of CP polymer hydrogels and CFP hydrogels

CFP12 CFP11 CFP21



FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

* 4601 »

0 C, #i# N 10Hz, HATM 0.1%F] 100%[1H) FAZ
4, 2 CFP /K& IR 4. CFP11.
CFP12. CFP13. CFP14. CFP15 Al CFP21 /K#EIZ
G131 9416, 9277, 5484, 4401, 852. 754 Pa.
FF CFP /K& G'A GME BB PRES, A
GMEYIGZA KT GME, RAFE I T R ED
Al NPT E i e el TR = P TN
14, Hr1, PVA (5 HEKH) CFP1S B & &R G,
BE% PVA 1A#H L RB&, CFP14. CFP13. CFPI2
FCFP11 (1) GKIRBEAG, J12E 1 ReFnta e MAs 22,
KEERH T RE RS H D, PR
7. CFP21 MU RESS T /K &k CFP12. CFP13,
CFP14. CFP15, {HEMKIALL PVA RFALL R T E K
CFP11 f /1% RE &, XTI REZ AN CFP11 555
i o SR BE I T CFP21, 35 %5 5K Wi A3 Bh T s S

R KB IR LY e L 14,

W 15 Fis, as b e do e A1 £ 23 5I%EN
CFP11. CFP12. CFP13. CFP14. CFP15 #l CFP21
IKEEI AR I 4L, AEBURRAE R, GRT 67,
FEARE R AR KB R . Bl 5 AR R 3
CFP11. CFP12. CFP14. CFP13. CFP15 #l CFP21
ST AITE 19%-+ 80%- 55%- 54%-+ 63%F1 95%N AF b
G G"RAERZX, KEIRGEHIE, G"KT G,
BT R e AR, REH CFP /KRR AU e
1E— & [0 Bl A AR
2.6.4  VEIRPEMR KR (1) LRV REAE 2 K P A
R, 3% 2 PRt o] T PP AG K B R R e 4 175
B S E I DL R TR AL R R T . i R K
EElE CP15. CP11 A1 CP21 DAK %% 3 &2 £ /Kt
JK2 CFP15. CFP11 #1 CFP21, [RIIHIIEIX 6 FhkikE

a b 10 ¢ 10*]
103 .
< o 1077 & 10% 44
& & P S ) = ; e e
= 102 4 o . s B e L e e 5 UF S
© Lnfaddanisnatigmimsntatalits O 1] = 102 !
= =
= o] w . G' ED
CHE , © — G
10" 4 —— G 10! + —_— G 10" 4
—_ G —_— G
d 1044 e f
104 103 p
£ 1004 & £
= T R T s feiuniour S 3 4 =
o S 11 R 10 L B R L e e S L e
2 10§ : > oS s O G
) iy ® ——G
—— O 102 4 —— G’ O 10t ]
101 3 —_— G —_—G" —_— G
. . . . 10! . . . . : . . .
200 400 600 800 200 400 600 800 200 400 600 800
t/s t/s t/s
[El 14 CFP11 (a). CFP12 (b). CFP13 (c)» CFP14(d). CFP15 (e) ¥ CFP21 (f) 7K5ERHY G’ G
Fig. 14 G' and G" of CFP11 (a), CFP12 (b), CFP13 (c), CFP14 (d), CFP15 (e) and CFP21 (f) hydrogels
1 4 -
a 103 3 b 10*7 c 0
£ g Q\‘:’ 103 - %
& 102 S 10 O oo
=1 = w 3
s s O 1021 -G
— G
10" 5 102
d 10* e 10* f 103 -
< . < —_— G *—M“_‘\
% G /!—-‘ % —_— G v‘>,‘§ Q\CS '-"JW}L
= 10° - ¢ V4 = 10°; S SRR PR
ij 0O “wﬁw—@’) b h’_y-O-}-(_v—O-O—C-I'-Q—(ﬁ’)-CFQ—()—'.“"":H-/ ‘:G —_— G
—_—G"
T 1 T T 1 101 E T T 1
0.1 1 10 100 0.1 1 10 100 0.1 1 10 100
AR /% AR/ % AR/ %

& 15

CFP11 (a). CFP12 (b). CFP13 (c)» CFP14 (d). CFP15 (¢) 1 CFP21 (f) 7K T3 he:
Fig. 15 Strain scan curves of CFP11 (a), CFP12 (b), CFP13 (¢), CFP14 (d), CFP15 (e) and CFP21 (f) hydrogels



* 4602 »

FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

IGEBE R Eh 2 (PBS) IR . B efE
IKEIAE N PBS ZHTHIBLE (Wo), FEA[RINA]
AEUCH KBRS R K 2R 2 Kl fie 2 T P Ui 5
K BREKERE IR, 108 W, KRB
AT .

BIRZ =W — Wo)/Wo
Wo R Wi 43 I TRYIEEI 2RI ¢ I %0 K e AR 1 57 A

HE 16-a AT 50, FEAEEIKIN AIIEK, Pird K5t
TR I 2 A0 M 3G R . ek, R K BERR CP15,
CP11 F1 CP21 £ 37 CF%) 12 h WIEF] 200%~
220%IE I, UBH /KBRS RS e I AC BRI 4%, Refis
PO K o 10 28 % i 2 G /KB CFP1S Wl 120
EE S EEAER, WK E 2K T AN
WS KB CP15. 454 & 16-b 7l LLEHY,
BB R P 5, KER S MIZ DTS, ERIK,
LRSS . I B KB I PR AR AR v R 5 5
IR HOR M SEE VIR, 12h 5, EE/KER
PSS S A A4S 2R EG BHT CFP21 H s &5 B
PEGRII & s, MSLSEHMEXTEK, f#13 PBS
FAZY Gy i3 NI N3 3 CFP21 JK IR B i, &5
DB 17, Bk, 5AEA SRR K E A,
T A5 R R K R IR B A R R R K P AR K
iOE{REI NG REPERIME N

vt |

wkE

CPI5 CPI1 CP21

a —o— CFPI5

250 4 i
—<— CFPII -y
—e— CFP21 FEEE ’%:;:%
—e— CPI5 i'i;z;% S
— FIIA /
o A
S 150 4 cptl %1‘44 A
% . >
50 |
b —o— CFPI5 —&— CPI5
140 1 —a— CFPII —a— CPII
—&— CFP21 —%— CP21
c\\°
=
&

Bl 16 6 MIRRIERE 1) FEMRE Ob)
Fig. 16 Swelling rates (a) and degradation rates (b) of six
hydrogels

» ’ y

CFI; 11 CFP21

CFP15

17 ERKER CP15. CP11. CP21 MEZHEE 47K AL CFP15. CFP11. CFP21 BRBKETRAF REE
Fig. 17 Schematic optical images before and after swelling of CP15, CP11, CP21 and CFP 15, CFP 11, CFP 21

1 it B THTEORE 8 5051

2.6.5 RINAVIZREMERENNR A CFP /K&K
A B B S T T 22 R PE e, X CFP /KRR AT
PRGMREIBAT AR T, ¥ — 58 B /K ERIZ T 10 mL
PBS H, I 5L bR LA S B I SRR O TE 278
nm A0 A 18, B — BT ERAE 1 IREHERT, 4R
P B 25 2R 10 o v oY 28 U1 B4 2 T T 0 5 S ) o
BIRE, JFITEERRRCE. AL ES 3 X,
THRAPIME, BRRRBCREPNT H AT .

ZHBE = VeCit VoCu) Mang
Ve N PBS IR, Cu AEE n KHUFENIBRET 45 3 255 30 il 1 )5
BRI, Vo NBIBIEARE G mL), N i RIRHE
B B ST SRR IRE, Mang N R/KELR BTE 2
BRE

CFP /Kt (CFP11. CFP12. CFP13. CFP14.
CFP15 F1 CFP21) 7£ PBS H ({12454 BAL BT th 28 I
Kl 18, fEHT 1 h W/KER VIR BOE SR, A
TR | h GRS RIE 154212, 1£20h



FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

* 4603 »

50 7

RS
=
E.*g
i —&— CFPIl  —— CFPI2
—o— CFP13  —— CFPl4
10 3 —A— CFPI5 —— CFP21
0 10 20 30 40 50

t/h
18 CFP /KBRS HEH R ML

Fig. 18 Cumulative release curves of flavonoids from CFP

hydrogels

I, 2825 B R O 2 TP 4%, I8 B THTIRES .
XFNERTAE I B B R AR TN ., RFEREAnT
X 20h (ELS, £ PVA KEHES Flv- CS 3%
W, T R B 2 R O R I, X T LA A
T CS/PVA A2 B X 4% 25 A6 % 2 25 2 3™ 501 PR ok &%
J% . CFP21. CFP11.CFP12. CFP13. CFP14 #il CFP15
IKEEFL ) PVA ARFR 555053531 33.3%+ 50.0%- 66.7%-
75.0%- 80.0%- 83.3%, 1% i Z2 AR I e e KA
S liEE] 29.0%. 34.0%. 35.0%- 37.0%- 38.0%-
43.0%. B DL7K B8 B2 % 3 25 0l 1Y) SR ARRR TR B
PVA B s n 230 T ds, X Arae 2
H T PVA R E0isr, FLIA e LA ok AL, 7K
15 J H R B 25 T B R o MK I A S B R
PBS H1, [l %5 5 i SR AR TR K
LTS N (R IBOE Z T 5, CFP15>CFP12>
CFP21, X 0] §5 4546 1) 2 [ AR AN 3 55 2 -7/ S0
WATRECAROC o FARRUL, BB - 53 SR
ARG LN, SR EE,  SER B K RO 5T
Sy AR B BRI R PBS . 4b, B
Pl - 5% SR TR AR AR 7 LR/ IN ) CFP /K S (1) FLIBRE
K, PRSI R RIS K o T2, B
B G BEK > T RS E FANTIER . 5, dEmeE
RO R . FHELETT . CFP1S FLBR R A K
Reb, B R AR R, HkGE CFP12, 1M
CFP21 HFE R ERWCK ARG, F R AR B
K. CFP15. CFP12 F1 CFP21 7E 20 h BB % # ] 2
PR R BN 43%- 35%. 29%, XEE—BiEsk
T KB FLBR RS, AR T g R
Ji o CPF15 47 8 1 %5 B i K B ORE T 49 h (1) A
PRI 43%, i a2 %0 255 2 R R R A e R s
K, MOMEE IR AR RS, AR RIFKRK

2.6.6 HUEAMEREIIA

(1) DPPH ¥l #: 1 JcFREL 1.2 mg DPPH
BT 30mL 4R, REHS], BECRFET 50mL 5
OE 133 DPPH 7R .

(2) ABTS % #%: HEHEL 4.5 mg ABTS
BT 12mL £E K, RG], BOLIRIE
T 50mL &0, 53] ABTS 8 B 6% 2% W
(AVD). BN, FREL0.01 gKoS:0s T 15 mL 255
TR, REHL, BOGRAFT 50mL BOE, 15
B KoS:0s fifi %7K (B WD - 2AJEHL A 5 B 4% 12
mL BEWE G, BOLREAAEMN 12~16 h, HEH
FIKFRE 30 5, & H.

(3) %K DPPH Al ABTS H Hi3EfE e : R
HL 0.1 g 7245 %) CFP A1 CP ZKEERL, 2 HImAZF 1
mL DPPH VAW EL 2 mL ABTS [ & T/Ew T, i
FERAY), {5 RBEEAAREE 30 min. 4375 I AR
520, 734nm &1 4 1E, 188 41 1 mL LEESAH
JoT B FE I B 5 S R K B IR A, IS AR TCE 30 min
Jes W HAE 520 nm &b A f (42). 1 mLDPPH
VVRAE 520 nm &b, B0 ABTS HH&E TR 734
nm A1) A {ER oo H HIFETE B 2R B804 B A vt
o RN 3,

BB =1—(41—A42)/4o
A1 79 0.1 g B +1 mL DPPH B ABTS VAW 4 18, 428
0.1 g FEfh+1 mL JE/KLEEN 4 {5, 404 1 mL DPPH &%
ABTS &M A 1

£ 3 CFP /KB CP KRR EREERE

Table 3 Free radical scavenging rates of CFP hydrogels

and CP hydrogels
. H SR EY% | H H2ETH R /%
P b Ff b

ABTS DPPH ABTS DPPH
CFP15 68.559 11.096 | CP15  26.667 10.458
CFP14  70.562 10.724 | CP14  30.360 10.025
CFP13 80.356 15.526 | CP13 33.813 11.979
CFP12 86.923 16.524 | CP12  34.724 15.521
CFP11 90.206  33.728 | CP11 32374 29.583
CFP21 93.039 45965 | CP21 33.046  25.104

AT UL, AN 5 SR (KB AL R ST R
RE S B DO SR AR T B R O
42% 5.0%. 6.3%. 8.3%. 12.5%. 16.7%), Fiif¥
JRI) CFP ZKHBER R ABTS H Hi A& 375 i 3 il 2 48
T, 4339 68.559%. 70.562%- 80.356% 86.923%
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Fig. 19 Representative wound photos of evaluating wound healing by full-thickness rat skin defect model
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Table 4 Quantitative wound healing rate (n = 3)

) AT
P
3d 7d 144d
pagict 20096 03287  0.0503
BT O EFERE 25434 05620 05024
PVA/CS 19350 03860 0.3350
CFP11 1.7270 03460 0.193 6
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