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Abstract

In this study, forsythia thermosensitive oral gel was prepared and the preparation process was
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optimized. Single factor experiment was conducted to explore the influence of the ratio of Poloxam
407 (F127), Poloxam 188 (F68), and glycerol in forsythia thermosensitive oral gel on the gel time,
and response surface method was used to optimize the preparation process of the gel. The charac-
teristics and appearance of forsythia thermosensitive oral gels were observed by visual method, pH
values were determined by pH test paper, gel time and gel temperature were determined in a con-
stant temperature water bath. The in vitro release performance of forsythoside A in the gels was
investigated by the dialysis bag method with PBS buffer used as the release medium. According to
the analysis of the overall experimental study, the optimal proportions of the gels were obtained as
follows: the ratio of Poloxham 407 was 17%, Poloxham 188 was 6% and glycerol was 4%. The pre-
pared forsythia thermosensitive oral gel was orange, transparent and gel thick liquid, pH value was
6.5~6.8, the uniformity is good, gel temperature was 35 * 0.2°C, and gel time was 10.5 + 0.1 s. In vitro
release experiments results showed that the prepared gels exhibited good sustained-release per-
formance in the provided release medium.
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HrEEE . Lin [10]55 R I S P9 IR BB 45 24 SRE D9 8 ) Y6 97 A G A3 B Al HP i #H 48 R G R At 17
WIIERE. HATEER IR O A ARG S AL, RN T E B KRR T S 1.

DR R EENAAREr —, CEHTESRRHAZ, D& RO IR X 50T/
TSR BTN ST A BOTERTE O P S SR N (R, TETE TS
B AL B RR A A I AP RIETT IR S, 7 U % o DRI T BEHF R — PP A& 1 A B85 FL e
eI B 4R 2 45 24 (70 RO SR YA 97 AR O LIS o EXR[12]E6WF R T — PR skl , HAE N D iR B REN A
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S T TR IR O R BRI AR BhR YT OSF MIEIRYT 2K, 4 OSF IR T HR it — Pl 77 %
Huang [15]%5 44 B A R AF 508 1 1 A B 9K BIURL (ZnO-NPs) 1131 T+ CS/B-GP it UK &R 2, KINiZK
B RT ERCRREL A Jo] L P 24 I R . i T A= W A B 8 R e

Bt P 2G5BT U AR N R RS R 1 S R B g b M 4, BRIk IR gy
LI TR B e AT ORIV VA A 2 1 i B s B RO R IUAL 1 e % T2 TT, g T
MPERERI A SN2 WIRE TR RE b 24 DR B R A T 5 AL ISR Ak 17— Tl 1 8Lt

2. M55 %E
2.1 MR

RIS T RS R, ISV E 407 (F127)FNiRi& Vb4 188 (F68)IA H i 3 vu b A AL Bl I
WHERAF, HEFEWT RETE RO TAERAR, EMET A FRdES T iR AR A R

Sk
2.2. EWFHE

2.2.1. EAES ORI &

IS R R 0%, NN 50% ZEE(CRHE LA 1:28), 1E 51°C 44 fF F i (100 W)FZHL 25 min.
e, PRGBS, WRAET S %

AHIF TR FH VA VR 2 TR ORI . K5 S5 PR F127. F68 AL RMG T80, fERtPE &1 T 0 ik 218
o TiE RNk, BT 4CKFERAA 240 UL B e 4, B M0E % RIS IR Bus I (AL 10 g
K)o

2.2.2. BEARIEI

(1) IEABCEEIEFE T FL127 94 Xof AHAS I FR S

AR AL T7 AU L 45 3, [ 2 F68 W JE N 6%, N —FHIRIE N 4%, 5% F127 &N 16%. 17%. 18%-
1990 Xof FH AR JEE 1) R

(2) TREEIIE T F68 Uik FEE Sl AR I FE 5

MRPEAL T AT AL R, [ F127 WREEN 17%, N =B SN 4%, %% F68 H &y 5%. 6%. 7%-
80T o A AR B 1) R

(3) U R s 5 T TR = A 6o K 7 UL (1 R i)

WYL TR R S5 5, [ F127 WRE N 17%, F68 WKJE )y 6%, HELN =& N 3%. 4%. 5%.
60T X A AR i B 1) R

2.2.3. Box-Behnken 4L 2B 8 O BB AL 4 /5

Table 1. Responsible surface experimental design
7 1. W SR TT

o K
F5 =
-1 0 1
F127 16% 17% 18%
F68 5% 6% 7%
C =8 3% 4% 5%
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FE IR AT s Bk P PR 2R IO S A b, SR B E Be AH AR IR B A K ) = AN IR gk 2B ik,
R F127 ¥R (A) F68 ¥R JE (B)FI A =ik (C)NHEEXF %, M NAE (T — 35]) N PEA 48 br 5o i Aokt i 1 b
AT, R #E 1.

2.2.4. EAANEERBRE S RERIE

(1) AR KA

SHEUCER S 2 g T HAROG T MR TR Bt SRIENER € B S A R AU, JF %
M (R Z58) 2020 SRR Y R GE Y 0114) R HLE,  ILBER I AMUIR 2 5 175 S Ak -

(2) pH [ E

SHEUCEE R S BOE BT HARE T IE pH 8, FFic sl S 40, tHE - pH (E, B RS AFE bRk .

(3) Mkl & [yl s

ZHEFT B A H 10 g B TR — 8 S i B EGE T, BHET 25°CKkid, fRAE AR T
KT, T KR L(0.5~1) C/min [ R T i St R AEAAR IR, 4565 30 s il iRHAE —k, MW
SE WA BIRAS, DUARHAE 90° 9 WA R Sl I R B0 e BRI B .« BRI =0k, 1
FAP R, R AR BT bR .

(4) iz kst Ti) (g0 52

=TI BERRE fh A H 0.5 g, 70 ATRAT TN Ul 35°C IR T A B ER L, e NIRATIT 4R 2
BRI T T FHIS 8], RN EERS 8], 15350 (a], 22 SR bt

2.2.5. {ESMEROR IS

(1) v ph 2 i 2 il

FEEBUER G A XIRSIAW 1. 2. 4. 6. 8 mL BT 10 mL &I+, MHEER, BHWKREN
0.05. 0.10. 0.20. 0.30. 0.40 mg/mL [IARAESAEWR - K R R0RH i ORI RS 5, 16 3% 330 nm Akl
Bk, BAEESH 10 pL, CFEMER T A WA, DIPRESIREDN X i, WETIRUY Y B bR 2k

(2) MAHMRETBGALS:

i 2 W L 4014 £(0.33 mo/mL) Tl ABUBE IS T 2 mL, N N BE FE 6 431 5 A 8000~12000 Fi% M 4%
o, JFET 200 mLPBS i . B TEIRABRTEIR T, KIBIEE 37°C, LA 300 r/min FEFEHHE, 4
BIFE 0.5, 24 4. 6. 8. 10, 12, 24h FHUFE 2mL, FEANFE 2 mL Hrff PBS Z2pi. FTEURE S 0.22 um
TALIEREL S8, R HPLC A ey M fEH A [T RS, R AR 2 0 e A & &, it
T3 8% BT ) 5 A I P IR T A 1 R BB TR (%) -

= Cn*v—i_TZ:"llC'V' x100%
X, Co NS n RBURER SIS T A &8, V
SR, Vi NEFEAR, WORERASH A MRS E

3. RS54
3.1. BEZERELER

3.1.1. FERBESOEERER F127 AREXHEHEEE NS
5K F127 &N 16%. 17%- 18%- 19%H X AHAR IR FE A5 . &5 5% 2 Fror, M R A0 s e
e I AHAR I B BE S F127 IR KM PR . IXGE RUABESE F127 IRFEEIBE R, R R AV & ELizii

NEAAR(200 mL), CioN i U IR A f)
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P, BRI LA ZESS 1) LR SR, AT BRI &, B, f£—ElEuE N, A F127
WRPERIG R, LR B FE 25 1B IR
Table 2. Effect of different concentrations of F127 on the phase transition temperature of gels
2. FRIRE F127 3THEERE R
F127 ¥R (wiw) 16% 17% 18% 19%
T(C) 385 35.0 33.0 31.2

3.1.2. MBSO ERRER F68 iRE X HERENFE

5 F68 I 5%. 6%- 791 8%l X AHARIE B ML . 45504 3 Fo, [BI5E F127 IRZ, &
TR JPs e (R AR AR R BE A P68 Wk FEE IS R TTHE OR, AZ IG5 F127 R X RE I AH AR il 2 P S e AH S
XATRER T /D &) F68 tUAE 1 IR Hh SR K I S5 AL AN /K PR S5 R (R L8], DT A i HE PR i 52 o Ak 52 1
R IZHT T [16]o BRI vy S 3 5 — & W B2 LLIA BI4E 35°C + 0.5°C F Sl < H 1.
Table 3. Effect of different concentrations of F68 on the phase transition temperature of gels
#* 3. FRIKRE F68 XHEZEIRERIFNY

F68 k& (wiw) 5% 6% 7% 8%

T(C) 34.0 355 36.5 385

3.1.3. ERRH O ERRERR = ERENEERE RN

W =BEAENORIER, v DA SRR I ORI, A TR BT RO . B R RIKR IR = BEX B
FAR R s . S5 RN 4 PR, BiAE T =BEREE IR, AR BB, N =B IK Y 6%
W, FAZIRE N 37.5°C, FFa N B IR « XA RER T 78— € R LG N T =R B 1 MReAE
BEE I = BRI T s, AR R by 7] U F A BT IS, R BRI A AR TR A i . 2865 18,
MR =B EE A 6%.
Table 4. Effect of different concentrations of glycerol on the phase transition temperature of gels
=4 TEIRER =B TR E RS

=B FE (%) 3% 4% 5% 6%

T(C) 34.0 35.2 36.7 375

3.2. WAL

BT IR AR IR 36.3°C~37.2°C 2 IA], 9 PRIUE 120 B B I AE 3 iR 2 1 T ORUAACIRAS, 4k
TR T AN GE R AEAAR, e AR IR N 35°C £0.5°C. RIEAKRRIRIGS R, DAZRREZ(T -35)N
M S2AE, {87 Design-Expert 8.0.6 X AHAZ IR B 15 8 PR 2 R 06 R AT BETHFISEEG, W14 5 Fiome

FIFH “Design-Expert 8.0.6” ##8 AL B A0 #EAT Zefe b B, @ik [ HAU A X & R R AT A, 159U
& [T-35=030-1A—-04B—-051C+2.15AB+228 AC+2.20 BC +1.99 A>+ 2.26 B>+ 1.94 C2.,

RIE 6 55T, ERTIEMIA IR P <0.0001, EAWEERZERME, LT P>0.05, AEH
HREN, RUNZERES RIFMAEMATEEME, A7 H T 28 R AR 2 AT AT . B A OC R
% R? = 0.993, RHIFME A LR E AR AR FAUATE, FFI Bk 99.3%[ W M{H A {b . K] F68. F127.
PR =R = A DR 3R A AR A B 5 35 (R R ), R T PR AH A Ui B2 (R 5 Dy F127 >TH =8> F68.
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Table 5. Experimental design and results of response surface

5. WNEREIRITRER

G5 A: F127/% B: F68/% C: W=E/% [T —35/C
1 -1 -1 0 8.1
2 -1 1 0 3.2
3 -1 1 25
4 1 1 59
5 0 0 0 0.2
6 -1 0 1 2
7 0 0 0 0.5
8 0 0 0 0.3
9 1 1 0 53
10 1 0 1 5
11 0 -1 -1 7.5
12 1 0 -1 1.9
13 0 -1 2.1
14 0 0 05
15 1 -1 1.6
16 0 0
17 -1 -1

M Design-Expert 8.0.6 04T, 15EERMIR S O BB B AL AL T N A =BERE N 4.01%,
F127 R JEN 17.23%, F68 5% N 5.96%, TEiZAL T 24F R, AHARIRFE M FAE A 35.17°C . ¥ fE T 2
By =R EE R 4.0%, F127 WFEEH 17.0%, F68 WA 6.0%, 11440 TT 4 AF T 3% 30 U5 A0 11 Jis gt s A

AR JEE B U o

Table 6. Anova table with the phase transition temperature of gels as response value
= 6. LURBRIETIRE A ERN S ED R

P57 H Y7 F P
e 129.27 9 14.36 120.77 <0.0001
A 7.03 1 7.03 59.12 0.0001
B 1.28 1 1.28 10.76 0.0135
C 2.10 1 2.10 17.67 0.0040
AB 18.49 1 18.49 155.47 <0.0001
AC 20.70 1 20.70 174.08 <0.0001
BC 19.36 1 19.36 162.79 <0.0001
A? 16.63 1 16.63 139.85 <0.0001
B2 21.55 1 21.55 181.23 <0.0001
c? 15.81 1 15.81 132.90 <0.0001
Bz 0.83 7 0.12
AL 0.65 3 0.22 4.83 0.0811
aliiR 7 0.18 4 0.045
S 130.10 16
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3.3. IEERLS

KRB TT: TH=FEKEE N 4.0%, F127 WEE N 17.0%, F68 WE A 6.0%, il # — % wl i il o i
BRBE, DN FARARIE R, HEATIGUE M SEE6 . N3 7 o, IX ZHEBERS B S BRAE AR iR AR T T AR T,
Tt B 24 TR A 1R A e T 4

Table 7. Comparison of measured and predicted values
F= 7. TMESTNELLR

i 5 FAR RS C Barc HEME/C RSD/'C
1 34.6
2 355 34.9 35.17 13
3 34.8

3.4. MHEEFRIE

3.4.1. PRI

JI i) 28 PR = A0 O SRR A5 i B AE =R N ORI B R SR, e B SUIRRE . TR AT,
BA RIFH— M0 E 1A FiR). UFHRE 35°C LR, %75 AR A 5 €2 0 3 (0 ot s 1k 2 [ 44 47)
i, HAEEURETR . BRI, BATHERA (0 1B BToR). Bl & 10 i B S B i) Rk
TR, N ERLE, ERAERERTRE, 6 CPEZH) MEEMEEHZARR.

Figure 1. The status of forsythia thermosensitive oral gels before (A)
and after (B) the phase transition temperature
E 1 ERERSOERRRER(A)FIEEEB)HRES

3.4.2. pH {ERTIE
WE = 180 1 i iR BB I (1) pH 25 %% 8 s, M pH fELAE 6.5~6.8 Z[H], “T*¥4{EH N 6.6, e ('
(525 4) 2020 “FRRITELE -

Table 8. The pH values of forsythia thermosensitive oral gels
= 8. EMRSO TR pH B

G5 pH SF3 pH {8
1 6.6 6.7 6.6 6.63
2 6.5 6.5 6.6 6.53
3 6.7 6.8 6.7 6.73
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3.4.3. BRBRBEERHE
AR B I R IR P A I 45 A2 9 s, HRBHRJEALE 35°C £ 0.2°C2 A, &
(R EZG ) 2020 R AR E AR 25 75 3R

Table 9. The gelation temperatures of forsythia thermosensitive oral gels
9. ERIRHORERNARERRE

G5 FEREIR Z(°C) Rl
1 35.0 34.9 34.9 34.94
2 35.0 34.8 35.0 34.94
3 35.0 34.9 35.0 34.97

3.4.4. BRERTERRE

T 58 = 3 ¥ O 5 10 P ok e P G B IsF 1) &5 Rl 10.45'5., 10.64 s 1 10.52 s, KR [A] 35 7E 10.5's /2 4q,
P EER A 1054 s, 54 (FREZ8L) 2020 SFE R E A 26 75 3K o
3.5. {EIMNBERL

AP FC I A 37 T 4875 B M R AT i B IR A AR AR U L. I 2 AT, iZ R
FERMNETR A FRAR SRR I B 2 R 1) 2K 2 I I A 35, BT 4 h PR 25, e BB 24 ] ik B 47%,
B 5 BR 24 1 B T AR 2 JF B T AL, 24 h BRIV 2540 80%. X 3 1 iZEHIR A B IFHIARAN E R fE, Bt
W R R 255K

| /

0 T T T T T
0 5 10 15 20 25

ifE (h)

Figure 2. In vitro release degree of forsythoside A in forsythia thermosensitive oral gels

B 2. SRS ORRRTERET A BRI

4, &5ig

AT TR A T 2 1 R B U, R DR R R 4G A W B TEEA I E T R T E
W77, BV 6%IF) F68. 17%[H] F127. 6% A =R AN 1% & Rk T8 o WAk 75 7 i ol 453 1 e el il A 11 s vt
JE A I N RS B O T E M R A, R RGRAE, EANRANR, pH 1F 6.5~6.8 Z[H], #iEH
P, R 245 SO AR RO A A 75 oK o 204 R TR BB R AR AR R FE AR S £ 35°C £0.5°C, 7 FIIs rh i T IS
FOPT R A AR RIS, A RO 7E D s R L o B IR Rt (R 7E 10s Ze A, SR IS 1 R 47

DOI: 10.12677/hjmce.2025.131012 125 2tk


https://doi.org/10.12677/hjmce.2025.131012

(SIS

BESL, R T T BT IO R R, AR R O T
EETH

[ 75 48 B4 )38 A AT H (2022TD-56); Bk 7648 20 E 7 i 45 Ho oy & TR+ &I 550 H (220C031); [E 5 2%

KEEAQF DI ZRitRiIT H (202211396017)

SE K

(1]
(2]
(3]

(4]
(5]

(6]
(7]
(8]

(9]
[10]

[11]

[12]

[13]

[14]
[15]

[16]

SRICUR. FERM BT A A B e TRl ST [D]: [k A0 5] RJE: iE R, 2018.

I 3CHe. EREEE A PURIETE AR AYIE T S [D]: [t 22 Arie 3], KJR: hPE ke, 2014,

MRS, RT3 P RS2 T S S /N SR FL IR SAEAR R NF-KB Al p38MAPK {5 5 i i (52 [D]: [Ail 24
W] AN TR Al oK 27, 2020.

F2T7, BR¥, TR, SR MR 7 AR IO PUEAIE TERT FT ). TR IT, 2023, 46(2): 94-99.

Law, A.H., Yang, C.L., Lau, A.S. and Chan, G.C. (2017) Antiviral Effect of Forsythoside a from Forsythia suspensa
(thunb.) Vahl Fruit against Influenza a Virus through Reduction of Viral M1 Protein. Journal of Ethnopharmacology,
209, 236-247. https://doi.org/10.1016/j.jep.2017.07.015

REARE, BN, fHE, & ERREE A XHEG HON2 B & s/ iR Toll BESZ 4k 4 5 5@ B2 AT 7L [3]. dbatR
2B 23R, 2020, 35(3): 94-100.

T, IR, 1Bk, S5 JHER- 3 AR T IR AR R I ) & B B R AR B T [0]. EEAR B K 22 3Rk (A SRR ),
2022, 40(4): 136-140.

FE, A, sk, . el T = uEENE U IR BB IR i AR AMTAN[I). PEAEZAEAR K, 2022, 37(6): 100-104.
WA, BRFE. ma R B T R R L P IR ORI 1 ) L2 73], BRI R 5%, 2022, 14(13): 37-39.

Lin, H., Xie, L., Lv, L., Chen, J., Feng, F., Liu, W, et al. (2023) Intranasally Administered Thermosensitive Gel for
Brain-Targeted Delivery of Rhynchophylline to Treat Parkinson’s Disease. Colloids and Surfaces B: Biointerfaces, 222,
Article 113065. https://doi.org/10.1016/j.colsurfb.2022.113065

Xavier, L.C.G., Matos, B.N., Barbalho, G.N., Falcdo, M.A., Cunha-Filho, M., Gelfuso, G.M., et al. (2023) In Vitro
Performance Analysis of a Minoxidil Thermosensitive Gel with Reduced Runoff for Eyebrow Hair Growth. Gels, 9,
269-280. https://doi.org/10.3390/gels9040269

Tk, IR, MR, . BT ER 2 IR B ) & B H B R R i AR 3], R RS 22, 2022,
20(12): 2734-2739.

TRAKE. 3 AR IR A R HTES VD I 407 TR A AR P A IR BB I 1E S PPAR [D]: [l 2= Ar i 30). KJs: 1L
ER} K2, 2023.

W& K. HT OSF JaI7 122 3 iR B 1 s b o e 1 RE E[D]: [l 224718 3L]. Kb Hrg R, 2023.

Huang, P., Su, W., Han, R., Lin, H., Yang, J., Xu, L., et al. (2022) Physicochemical, Antibacterial Properties, and Com-
patibility of ZnO-Np/chitosan/-Glycerophosphate Composite Hydrogels. Journal of Microbiology and Biotechnology,
32, 522-530. https://doi.org/10.4014/jmb.2111.11024

JAE. SR A R AU S R (BT FC[D: [ LA A 3], TN TR R, 2018.

DOI: 10.12677/hjmce.2025.131012 126 2tk


https://doi.org/10.12677/hjmce.2025.131012
https://doi.org/10.1016/j.jep.2017.07.015
https://doi.org/10.1016/j.colsurfb.2022.113065
https://doi.org/10.3390/gels9040269
https://doi.org/10.4014/jmb.2111.11024

	连翘温敏口腔凝胶的制备工艺优化及性能表征
	摘  要
	关键词
	The Preparation Process Optimization and Characterization of Forsythia Thermosensitive Oral Gels
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料
	2.2. 实验方法
	2.2.1. 连翘温敏口腔凝胶的制备
	2.2.2. 单因素实验设计
	2.2.3. Box-Behnken优化连翘温敏口腔凝胶处方
	2.2.4. 连翘口腔温敏凝胶的性能表征
	2.2.5. 体外释放试验


	3. 结果与分析
	3.1. 单因素试验结果
	3.1.1. 连翘温敏口腔凝胶基质F127浓度对相变温度的影响
	3.1.2. 连翘温敏口腔凝胶基质F68浓度对相变温度的影响
	3.1.3. 连翘温敏口腔凝胶基质丙三醇浓度对相变温度的影响

	3.2. 响应面试验
	3.3. 验证试验
	3.4. 性能表征
	3.4.1. 性状及外观评价
	3.4.2. pH值的测定
	3.4.3. 胶凝温度的确定
	3.4.4. 胶凝时间的确定

	3.5. 体外释放

	4. 结论
	基金项目
	参考文献

