« 6320 * PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

BRE-ZRERI - B R RS TR RS & Kk LB AT

FEHF L E W3, HAEFY XN K4 £ &Y AL, ALY
1. BRI R ERZG Sk, BEPE PB4 710003

2. BEVER R ERAI A PGB RS A E T TR, BRPE PEE 710003

3. PR RMEERE, BEPE Fa% 710082

4. BEPEHERZG RS, PP RFH 712046

i E: BH ETAEERBW - & B EIREE S P (puerarin-loaded chitosan-modified B-cyclodextrin
supramolecular gel, Pur@CS-B-CD Gel), AHALTT FFPPAN H S 45 25 R pifm kM AR . 3% KA E 5 Box-Behnken
BEit-mi R (Box-Behnken design-response surface methodology, BBD-RSM) ittt Pur@CS-p-CD Gel A5, FAF B 45
¥\ pH . FR0E M RARINEETBUT Ao B8 I Sk K RRSERY, @ AT o 2248 Am S P P 3 B R AH S Ccalcitonin gene-
related peptide, CGRP). 5-¥2{0l¥ (5-hydroxytryptamine, 5-HT) FIEHZMA2-1B Cinterleukin-1B, IL-1B) /KPP 255K .
R RALA TN CS-B-CD SHRHRAARREL 1 9. BFREDH 2.6%. HHE 40mg. 113 Pur@CS-B-CD Gel £ =
de 2 fL45M, pHMH 6.5, FREMREF, HAMREEI 4 h BN 82.75% M P B 5 J5 SR BERHIE, ToH 0 & B BB
PEo 235 2R, Pur@CS-B-CD Gel RER 3 B0 IS K BRAT A AR I, FR(GM A CGRP # IL-1B 7K, #&Ft 5-HT & .
512 Pur@CS-B-CD Gel #ill# L2 TT, B RIFHISIES RHE K Buh kIR, Jo s ih 25 R 50 Kok va 7 e it T s
B AR -

kIR BIRE: BATER: L20MN; Bg: BMHmkm: 480

FESES: R283.6 XEAFRERE: A NERS: 0253 - 2670(2026)16 - 6320 - 09

DOI: 10.7501/5.issn.0253-2670.2026.16.009

Preparation and anti-migraine pharmacodynamic evaluation of puerarin-loaded
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Abstract: Objective To develop a puerarin-loaded supramolecular gel based on chitosan-modified B-cyclodextrin (Pur@CS-p-CD
Gel), optimize its formulation, and evaluate its potential for nasal delivery and anti-migraine efficacy. Methods The Pur@CS-B-CD
Gel formulation was optimized using single-factor experiments and Box-Behnken design-response surface methodology (BBD-RSM).
The optimized Pur@CS-B-CD Gel was characterized for its microstructure, pH value, stability, and in vitro release profile. A chronic
migraine rat model was established. The therapeutic efficacy was assessed through behavioral indicators and by measuring the levels of
calcitonin gene-related peptide (CGRP), 5-hydroxytryptamine (5-HT), and interleukin-1f (IL-1p) in brain tissue. Results The optimal
formulation consisted of CS-B-CD and sodium carboxymethylcellulose at a mass ratio of 1:9, a total polymer concentration of 2.6%,
and 40 mg of puerarin. The resulting Pur@CS-B-CD Gel exhibited a three-dimensional porous structure, a pH of 6.5, good stability,

and a biphasic in vitro release profile characterized by an initial rapid release (82.75% within 4 h) followed by sustained release, with
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no obvious nasal-mucosal irritation. Pharmacodynamic studies demonstrated that Pur@CS-B-CD Gel significantly improved migraine-

related behavioral performance in rats, reduced CGRP and IL-1f levels, and increased 5-HT content in the brain. Conclusion The

Pur@CS-B-CD Gel demonstrates a feasible preparation process, favorable properties for nasal administration, and effective anti-

migraine activity, providing an experimental basis for the development of novel nasal delivery systems and migraine therapies.
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2.1 Pur@CS-B-CD Gel BV &

FREUAL J7 B CS-B-CD, V& TdEsaikd, %
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Fig.1 UV wavelength scanning spectrum
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CS-B-CD 5 CMC-Na [FJ7KAHELHIA 1 & 2, CS-B-CD
JREBLE AN 20mg. BT RGP CMC-Na Kl =
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B2 FEXITMN CS-p-CD Gel HURENE
Fig.2 Evaluation of fluidity of CS-p-CD Gel by inversion
method
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Table 1 Effects of mass ratio of CS-p-CD to CMC-Na
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CMC-Na B s N 2.6%0, BT R 8]
f, HEERmshE
%2 CS-p-CD/CMC-Na ERESHHENT
Table 2 Effects of total mass fraction of CS-p-CD/CMC-Na
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Table 3 Effect of reaction temperature
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Table 4 Experimental factors and levels, experimental design and results of BBD-RSM

RES X Xo/% Xs/mg FiE/(mPa-s) £HEKE WAMEIRERST X1 X% Xa/mg FiJE/(mPas) &7 dsht
1 1:4(+1) 0.6(=1)40(0) 277.60 i i 10 1:9 06 45 162.62 4 i
2 1:4 2.6(0) 35(-1) 12300.00 by WM | 11 1:14 26 45 20500.00 2 &
3 1:9(0 26 40 45 600.00 pis w12 1:9 26 40 16800.00 = &
4 1:9 2.6 40 62 300.00 2 &l 13 1:14 26 35 20100.00 & L3
5 1:9 4.6 (+1) 45 (+1) 155 000.00 = FH | 14 1:9 26 40  66500.00 = &
6 1:4 2.6 45 35 800.00 & B | 15 1:14 46 40 161 000.00 2 it
7 1:14(-1)0.6 40 195.27 = i 16 1 0.6 35 173.27 e i
8 1:9 4.6 35 153 000.00 P R 171 26 40  21800.00 i i
9 1:4 4.6 40 104 000.00 = Zhi
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RSB TT B RS, R AMERZE, HAE
BT S i I BT DRI 5 RS RO i 4
HMEHE B, KRR, FFERIE SR
AT M. KH Design-Expert 8.0 #4t4, DA% A1
RAE (YD, XF3 HERMAT 2 R HAEHE, I
MRERIBEAT J7 2200 M, A5 R WK 5 fis, 2 IRBEAY
AR EE (P<0.05), KU P>0.05, K%
AR A . ARG A Y=42 600.00—
6 177.21 X1+71 523.91 X>+3 236.17 X3—14 270.58

XiX,—5 775.00 X1.X3+502.66 XoX;—15 570.38 X;2+
39338.60 X22—4 854.62 X3%, R2=0.9452, iiH]iZ#b
T RIS 1 Sz 25 R 35 5 e A 2 TR DR R, S
TP EE o & DRI 328 AR A = e 1 i T LI 3
BT LA T RRAT AL 5 R TIO, f E ReA
#% %M CS-B-CD 5 CMC-Na i 11 9, CS-p-
CD/CMC-Na & 5 2.6%, EHIREIMARE 40 mg.
P S A W e B 2 T il 46 T 240 - B CMC-
Na90mg, I 2.50mL 4fi/K, #HHKER; FHE CS-
B-CD 10 mg, MM 1.25mL 2K, G, HE
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Table 5 Analysis of variance results

WERIE CPM HHE E F1H Pl |RZERIE  CFOR BHE O HE FE PHE
A 4.960X10'0 9 5511X10° 13.410 0.001 2| Xi? 1.021X10° 1 1.021X10° 2.480 0.159 1
Xi 3.053 X108 1 3.053X10% 0.740 0.417 4| X2? 6.516X10° 1 6.516X10° 15.850 0.005 3
X2 4.093X10 1 4.093X10' 99.540 <0.000 1| X32 9.923 X107 1 9.923X107 0.240 0.638 3
X3 8.378 X107 1 8378X107 0.200 0.665 3| 5%kZT 2.878 X10° 7 4.111X108
XiXa  8.146X108 1 8.146X10% 1.980 0.202 1| R 8.113X108 3 2.704X10% 0.520 0.689 1
XX 1.334X108 1 1.334X10% 0.320 0.586 7| ®ZEDL 2.067X10° 4 5.166X108
XoXs  1.011X10° 1 1.011X10° 2.458X1073  0.961 8] MEZ% 5.248X10"° 16

ZiJE/(Pas)

X3/\

M€ 370

1:825 X

3 FAZEZEERFIENE 3D

Fig. 3 Response surface 3D plots for interaction effects between factors
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H R RETE IR %S CMC-Na KR
A, TREIIEFERS E L 350 v/min FREHE, B
FEWL B HEA e #ENERAE R, IS Pu@
CS-B-CD Gel.

2.5 Pur@CS-B-CD Gel BIFRAE

251 JEEME  Pur@CS-B-CD Gel Nt &
MR &R, BAEFRREME. RAARMETE
EE (SEMD MEZHMMELE, 51K 4 FoR,
Pur@CS-B-CD Gel 2ILHIAA . MBI =42 LM%
g5K.

2,52 pHAEWE K pH it T=iR NPT
ME 3 47y Pur@CS-B-CD Gel #£ i) pH 1H, 5R %
7~ HpH N 6.50+0.04 (n=3),

) e )
4 Pur@CS-B-CD &5 FHEISHISMURTS
(B)
Fig. 4 Appearance (A) and SEM image (B) of Pur@CS-f-
CD supramolecular gel

(A) 1 SEM

253 FREtEg eSS KRR
PEAY Pur@CS-B-CD Gel MIPEE R E M o K& R EER
7E 5000 X g N0 30 min, AWEEE5r 2 8 iE ol
Ko WAk, BB THIRFETRE2 NMH, 20
TH 0. 1. 2 DMHARMEHASNIEIR, 4575w,
BRI PEIR AR R AW AR . R AR,
Pur@CS-B-CD Gel F A R4 (15 Cofa e 5K I
RS 1 o

254 IRAMEEZjFEEE S SRAMR Franz § 80
1%, %% Pur@CS-B-CD Gel FIRANEEIAT . AT
REME GHX 7R 416) fig E LSS T
ANSZ T SR TA,  [R]INAG 205a Bt P o v ) s 1
H 73 (CS-B-CD AXf 73 T i & 5.0 X 10*~5.0 X 10°,
CMC-Na #X T8N 1.0X10°~1.0X100), ik
BB 2> T RN 1.5 X 104 (RE A 48 2 T4
Fih 5 ot 2 1] . RSt Y A SRR DL N R
(& 1 000 mL 2li7KH % NaCl 7.91 g. KCl 3.68 g-
CaCl0.51 g. NaHCO;2.56g) 3], fARTF (37.0+
0.2) CHEIR/KIBHLL 300 r/min 21 FE. TP
30 min J5, ¥ 6.5 mL Pur@CS-p-CD Gel ¥J5Ji5:4i
FENTASPRM . T8 FORS R A (104 30 min A% 1+
2. 4. 6. 8. 10. 12, 24h), AW HIEUGH 1 mL
C RISy (R SRR R A 5D, 4 U VR 2%
TIEVREE R, 4045 um JEEEL S, T 250
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nm ABGE A 18, THEEIRE K BB .

RN E 5 s, B RSN RARRE
JEBEI (8] A2 b 2 5B PR A 2RI S . 0~4h AWREIOR
H, BAUREHCE Tk 82.75%: 1M J5 B i i 26 ] S ok
18, FEAFRRGERRT B B IR IER B, Pur@CS-
B-CD Gel REMS S ILE IRR I PEAT IR, FFBE )5
YEFF SRR

100 1

80 1

60 A

40 -

FEBREIE %

20

0 T T T T T T
0 4 8 12 16 20 24
t/h
5 BREMINZRBMENLZL (X2s,n=3)
Fig. 5 In vitro cumulative release curves of puerarin (X £ S,
n=3)

255 EFEREMEVHY K SD REBENL N 2
4, IR EHKIEA S Pur@CS-p-CD Gel 4, HE4H
3 R BIREES T AR 100 uL, WEK R
2 M — AT IR 5 25 2 KRS R 4T,
RPN . el R B R R M. 24 h JEAbAE
Y, BB e R R G AT KRS -t A
(hematoxylin-eosin, HE) Zeff, T2 BAEs M
SHLRH AN SR E 6 s, SAEMEK
SHELAIEL, Pur@CS-B-CD Gel 2H A SR & B I 1 2T
BEEMEW . HEFIEE, R EM E RS &
P 01 P g At 5 B AR L 45 SRR B, Pur@CS-
B-CD Gel A 52 3 5 G B 2 il Btk

2.6 Pur@CS-B-CD Gel $i1R LB HTIFMN

2.6.1 . ERSGZ K SD KRBENL R

IR K Pur-CS-B-CD Gel
6 ARBHRELFIEYIS HE £, X200)
Fig. 6 Histopathological sections of rat nasal mucosa (HE

staining, x 200)

4 M, Rl IRA. BORA ., EHREERZ (10
mg/mL) 4L Pur@CS-p-CD Gel (FEHIMREK 10
mg/mL) ZH, 6 A, MEMERY. BRXTRRA SN,

HARFHTE 3.5, 7.9 K sc iR H M (10 mg/kg)
1l 25 A8 Pl Sk RS AR o AR TSI g KBRS i 32
PEVEAL S5 IR, e BRI S i ) i R 45 25K 9 100
uLo FEMAARN, T@EHKII2h 5, A
28 B B s gh A2 (100 uL/ik), BER 1K,
X R ZH SRR 2 ) 25 T AR A AR R AR K, ISR AG 2
9d.

2,62 ATHNFVHY EEJS 1T h N, dsRORER LA
NHEbR: (1D B2 E]; (2 Sk AR (1~
3VEED: SR EHEREILN 1 4, kB EH
BERGHECAH 2 75, Kk MLESE A 3 70 (3)
PeIAT N CRIRE SIS HD o Sk B AR FE V73
1 AN AERE R CRFIBEsh Y 720
BATEDL) TERK.

ZERWER 6 Fi, HXPHRAIAALL, BRI KR
IR R B H AL Sk B AR AR SAT A (P<
0.001), KULER ). SEERAMEL, &4 2541
HATWE] . BBk IR BT B S IR B I 2 2
B (P<<0.001); 3k R AR R B2 IR 2 FRAC CRRE
JF L2454 P<<0.01, Pur@CS-B-CD Gel 241 P<<0.001).
BRI S, Pur@CS-B-CD Gel 405 %47 N2EAEHR T

#z 6 BHEABRITAF TN EMELH CGRP. 5-HT F IL-1p KFEKX (X+5,n=6)
Table 6 Behavioral evaluation and levels of CGRP, 5-HT and IL-1p in brain tissue of rats in each group (Xt S, n=6)

I/ HALH [/ SN2 & X - HESHk CGRP/ 5-HT/ IL-1p/
5 o , BB o ) ) g
(mgmL™") min TSy WA (pgmL™) (ng'mL~") (pgmL)
N - 0.00040.000 0.00+0.00  0.0040.00  0.00+£0.00  2745+1348 1142042432 326.70%55.51
feR — 21.40043.782%# 2.60+0.54% 133.70+26.55"* 65.50+ 14.87% 126.70+42.09%* 63.91+9.597% 432.60+26.24

FIER R 10
Pur@CS-p-CD Gel 10

4.860+4.259™ 1.60+0.54"  77.60+23.17"" 21.40+11.86™" 60.13+£13.76" 103.10£19.69" 414.10+43.98
3.430+3.259"" 0.80+0.41"" 53.40115.87"" 8.40+4.76™"

60.49+9.471"" 132.60+20.06™" 355.00+27.99*

x4 #P<<0.01 ##p<<0.001; SHAEA L. *P<0.05

“p<0.01 *"P<0.001.

#P<0.01 *P<0.001 vs blank group; P <0.05 **P<0.01 ™ P<0.001 vs model group.
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HGE SRR T EAR R R4

2.6.3 MHLA LR EDNE KRG Zi)E, BN
HSIHK, KA ELISA V540 CGRP. 5-HT il IL-
1B /K (R 6). HXTIRLAMEL, BRI CGRP
5 IL-1B /K FEEF+ & (P<0.01. 0.001), 1fj 5-HT
AR FRK (P<<0.01). SHRAIAMLEL, 2 NAE
21 ) BEAR 5 25 P CGRP 7K°F- (P<<0.001); %if-F- 5-
HT, MR EERZGH LT & (P<0.05),
Pur@CS-B-CD Gel AP & THE (P<<0.001);
X IL-1B, WRFKIERIZGH B —E RIGEHAHE
TGt 2F 25, 1M Pur@CS-p-CD Gel 2 1] 22 BF#{%
HIKF (P<0.05).

2,64 GitFESH LRI LIX £s KR, KA
GraphPad Prism 8.0.2 F AR AT 04 ab 28 e o #fr, %
HPEAIE P LL K A One-Way ANOVA T %
5, P<0.05 XA Gt o

3 e

AW AR Pur@CS-p-CD #8451 EEK (I
FROHLA) 32 BT DU R AR A BAE A s %, CS-B-
CD e R B S e A 2E, 1 CMC-Na
SHEKEMRPEMBIE, —HEEETARNRS
AL I 43 () SR A AR R A . Al
(ADERAT BRI 204, Hk, CS-B-CD 1) B-HMHG
TREAML R G B EER 705, Wl fel
CMC-Na % B F gk XISk A S5 AH BAE R, i —
SRR BRI = 4E M 25 gE U210, X P 2 B AR AN BT
ML T4 e R aF B M AR 1, (IS A B
s B L 217181,

RN I “ TR R I RFAIE :
0~4h BFVREAK 82.75%, 1 /& M I S R A P
BURT R SRR UM . BT
AT AR TR R T SO SR T AP (R
FEARD, 111 22 R AF ) 3= 2 VA BT T I I 48 5 R
MY B E R, DA BRI A5 251
i L IR B4 F 22 18 i g 1 3 [m] 25 SR 09,

Wb 7 T o, CS-B-CD #0kHE 10 mg (&
B-CD £ 6 mg, XL 5.3 pmol), HIRE 40
mg (%] 96.0 umol), 254/ W) R E L2 18 ©
1, @1 L EMEATE. i, N2 5.5%
B R RER B-CD G, KK o ThE
PATE € T B 13 BCIRAS S TR N 2 . ax—
EE A5 R AT A R SR N R AE AR — 35, (EEA D)
57 FIRAIE T X BFEATH  ZEn A 2 Pk

BRAEF— L HHIE .

REPE AHE S d R e, HHYS
I A RARTE (1) B AR 2R 2 AT RE I XS b . Bk iR
2120052 ] A B A AR O A SRS, AR A 2
N 3.45%, 36h RIREIHEN 78.50%, FKILH RLEF
MRBAR . HERHERRET 2R AR 2 hE A
PP RLR BUSER, A8 15.63%, EIMEIR
R — R/ 1277 R, M AR A SR el 2 4
A 219.53%. FHELZ T, AHF T 1) Pur@CS-
B-CD Hi4r FEk IR 25 A 28.6% (UM R £
), BT FIRSCERGEE, HAUHRBBURFELE
PR A RE SR 24 2 (] S B T B A () (R DL AL
AT H B i 1 o R R 3

SRR A B TR, BRALT BLEWE
Wi RPN, BHl5 pH 6.5 #eilr & i3 pH
Ya L, UESE T H R AR TEDL

R AT R AL S S B =0 TR TN RILE 2O
B3 (P<0.0D), KVIIAEE (P>0.05), KWHT
f# R % T AR 2 R A AR IR R R R S R R
E2Z KR, RERZE X (CS-B-CD 5 CMC-Na
JREL) SRR X CERERE) BB L&
BN (XX XiXas XoX3) BIRIEFI G122 B KT
(P>0.05), HIX—4 5 EREH TZE X, Mg
ST R LA X B N TR R R AR P RFAE - BRI 3R X 7R
FAPR 22 S R H N R AT N RS E L, (B
Z R RAMR rh 23N AN R 3, R IR0 AT AE 4 2
JRESE (KR X FriEas, HELREHC G r Uk
FERG, XAF T fafett. RR X WARE
PEVLIATE 35~45 mg, BARFEMIIANARXS i B 42
DI AR 1 o= A P A e, R A A
TIRMIAG s B3 S BT B R M 2 b, 2B
SZHE T TR RN A AR R 2. &
EE I, RPN R 3 2 [A) JE BH 5 () 3 [
BFEPUER, SR Z0 R s AR ST, X
TR RS T2 REERE.

ZE Rk, JRE SN ARIS B KE, (AR
RERAAG %, HOGHERN R Xo Je 3 2 Wil X2 B 525
(P<0.01), UESEAFAERARIX A . BeZARANALTT £8 51
IO UE B A KA BT B S BT . RN
AN Pur@CS-B-CD Gel 4704k ] 5 T A

AT Y], Pur@CS-B-CD Gel £ 54524
33 AR SRR K BT Y CGRP & IL-1B KP4
F+5-HT & &, SR TERZ . HaTgepLsilre T



PER 202688 B57% H168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

* 6327 »

OB W = XM 15 25 CGRP B, IR IR
PEAIER2; QYT 5-HT R Y8 0GE fp 408 i 2K (23],
@I R AE A IL-1 /SR AL 241,

AW RAAFAEE TR OB A1
A8 M Sk R S A B A DL R R Y, M DL 4
T S5 1 N I S 05 P e 228 ML 5 - S s 2 4 SR @
B 3 158 s 22 TR 2 23 TR A 0 2 A i AR 28 5 P i
KRG @A T A BRI 845 245 o v 20
LU B AR IR, B o v P ) 5 24 B 24
W, FCARNARYS . SR L I B 2RO S
DA SBIIE B, FERLNE, bk
250 6 R R R AR O 240 ) R 8 B0 G P 1 FH A
A BN BE ELEAIE I HL AR ) AR . O SCHER IR
18 5% WE S AT E B A RS Bk & B s 2
A2 YNG4, AT 0 A1) 7)1 i 4 e 9 4
IR SR LC-MS/MS . R 25 713 — 5 06
E. RS TARREBARIAE S SRR, IR
NSEATEL S T IR 22 B NI R i 2, IR iR e
78 HoAth AR A 28 2R SE 50 R S

RBAR FHGHHFERAREEH B R

SE R
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