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Abstract: Objective To prepare oral Periplaneta americana-loaded thermosensitive in situ gel for mouth. Methods The
temperature sensitive material P (NNIPAM-HPMA) was synthesized by radical polymerization with NNIPAM and HPMA as raw
materials for the first time. The thermosensitive gel was prepared by cool method, and then the amount of HPMC, PVP K30, and P
(NNIPAM-HPMA) was optimized by Box-Behnken design response surface method on the basis of fixing the amount of P. americana
extract, taking the dissolution time and gelling time as evaluation indexes. Results The thermosensitive P(NNIPAM-HPMA) was
synthesized. The optimized formation of P. Americana-loaded thermosensitive in situ gel for mouth was P. Americana 10%, HPMC
3.0%, PVP K30 9.5%, and POINNIPAM-HPMA) 10.0%, with 2 h dissolution time and 8—9 s gelation time. Conclusion The
formulation of the P. americana-loaded thermosensitive in situ gel for mouth was optimized by Box-Behnken response surface

methodology, which provided a scientific basis for the oral local clinical application of extract from P. americana.
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Fig.2 LCST of P(NNIPAM-HPMA) hydrogel
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2. M 2 7750, PONNIPAM-HPMA) 7K (1935 6
A 31.4 CHIIFUE T, # PONNIPAM-HPMA) 7K
KRS LCST N 31.4 C.
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ro 58K 3. [LE NNIPAM. HPMA #l
P(NNIPAM-HPMA) 7K#&E I "TH-NMR 3 1% K], &
i P(NIPAM-HPMA) 6: 0.80 (s, CH3), 4.85 (1H, d, J =
133.7 Hz, OH), 7.02 (16H, d, J = 101.2 Hz, NH) 5
NNIPAM K] 6 1.06 (6H, d, J= 6.6 Hz, 2-CH3), 8.04~
7.80 (1H, m, NH) 1 HPMA & 3, Hlgmikn
# NNIPAM (95 mmol). HPMA 6 4.84 (1H, d, J=
101.2 Hz, OH) 1552, ¥ #1 % (5 mmol) il AIBN

AIBN

b p(NIPAM-HPMA)
1 P(NNIPAM-HPMA) 7KEEIHY S AR BS 2%
Fig. 1 Synthesis scheme of P(NNIPAM-HPMA) hydrogel
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The a—c in the figure correspond to the a—c in fig. 1, respectively
3 NNIPAM.HPMA 7l P(NNIPAM-HPMA) 7K 863 'H-
NMR 3§ 5% E
Fig. 3 'H-NMR spectra of NNIPAM, HPMA and
P(NNIPAM-HPMA)
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FIARBERE 30.000 g, FEFEEHEMES, H 1 mol/L E4A
AN pHAE & 5.3~5.7. A4l /K E 4 ZE 1 000
mL, $ife, INAREEE D 45 min FHHE R EE,

I
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50 mLEP &, B TIRER 35 CREESIBIRY
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2.2.4  JREERFEME  7E 1.5 mL EP EH AR
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227 RETRE BRARRLE B R IE A TR R
Y1=2.344+1.02 A+0.28 B+0.13 C+0.001 AB+
0.001 AC+0.13 BC—0.25 A>—0.070 B>—0.70 C%.
Y,=12.62+024 A—1.51 B—3.41 C—0.62 AB+
0.38 AC—0.62 BC+10.13 A>+0.94 B>+1.12 C2. ¥
e BT 1) 5 PR T ) e 57 1 P AL P 4 50 W VA kT
(84 2 h, J#id Design Expert 8.0.6 B AFiH5, K
% HPMC FEN 3.0%, PVP K30 &N 9.5%,
P(NNIPAM-HPMA) /K& HEN 10.0%0], [k
WA, N 8s, AIERE 96.1%, ANEmMTi.
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1) 2% S M gl 11 s S A IR BBORR A, 23 TR Rt
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A AR B U, Ot SE I R 1 s SR AT R
BERZH) LCST #HATIE . 45 WE 4. 457KV,
ESE R SE ) 10%, JIN HPMC 3.0%. PVP
K30 9.5%. P(NNIPAM-HPMA) 7/K#EiZ 10.0%, K
FH VA 35 1 % 1R S PN O gl 11 s Jit 67 75 R A 0 1 52
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Table 1 Design layout of response surface
w5 Al% B/% C/% Yi/h Yofs | X5 T Al% B/% C/% Yilh  Yols
1 5.0 (+1.68) 7.5(0) 7.5 (0) 35 40 11 4.2 (+1) 6.0 (-1) 9.0 (+1) 25 27
2 3.0 (0) 10.0 (+1.68) 7.5 (0) 25 14 12 3.0 (0) 7.5 (0) 7.5 (0) 2.5 12
3 3.0 (0) 7.5 (0) 7.5 (0) 25 11 13 1.0 (-1.68) 7.5(0) 7.5 (0) 0 41
4 3.0 (0) 7.5 (0) 10.0 (+1.68) 2.5 8 14 3.0 (0) 7.5 (0) 7.5 (0) 2.0 14
5 1.8 (-1) 6.0 (-1) 9.0 (+1) 05 24 15 4.2 (+1) 9.0 (+1) 6.0 (-1) 30 26
6 1.8 (-1) 9.0 (+1) 9.0 (+1) 1.5 19 16 1.8 (-1) 6.0 (-1) 6.0 (-1) 05 29
7 4.2 (+1) 9.0 (+1) 9.0 (+1) 35 20 17 3.0 (0) 7.5 (0) 50(-1.68) 2.0 22
8 3.0 (0) 7.5 (0) 7.5 (0) 20 13 18 3.0 (0) 5.0(-1.68) 7.5(0) 2.0 15
9 1.8 (-1) 9.0 (+1) 6.0 (-1) 1.0 27 19 3.0 (0) 7.5 (0) 7.5 (0) 2.5 12
10 4.2 (+1) 6.0 (-1) 6.0 (-1) 25 31 20 3.0 (0) 7.5 (0) 7.5 (0) 2.5 14
F2 RUEEEVIEER G ES R
Table 2 ANOVA for regression model of dissolving time
TEXRE CFIOM BHHEE ¥BU7 F1E PH TERIE P BME BJ7 0 FiE PH
it 16.508 9 1.834  29.134 <<0.0001 A? 0.879 1 0.879 13.965 0.0039
A 14.120 1 14.120 224.269 <<0.000 1 B2 0.071 1 0.071 1.129 03130
B 1.080 1 1.080 17.158 0.002 0 Cc? 0.071 1 0.071 1.129 03130
C 0.248 1 0.248 3.941 0.0752 BZE 0.630 10 0.063
AB 0.000 1 0.000 0.000 1.000 0 KAYIR 0.296 5 0.059  0.889 0.5499
AC 0.000 1 0.000 0.000 1.000 0 a7 0.333 5 0.067
BC 0.125 1 0.125 1.985 0.189 1 BIRZE 17138 19

B/%

2.4

3.6

24 A%

Al%

3.6

C/%

8.4

— 36 84 7 )
24 A% Cl% ¢6 — 66 B%
Yi/h
8.4 \ k
S Ny
@) | \\\
6.6
6.6 ‘ 8.4
Al% B/%

&l 4 P(NNIPAM-HPMA) 7K A%, PVP K30 F1 HPMC F & %37 {hAs ) £2 0 a4 i B2 1 & & = 2 F
Fig. 4 Contour and 3D surface of P(NNIPAM-HPMA), PVP K30 (A) and P(NNIPAM-HPMA) use level for dissolution time

5 30.7~30.8 C.
3 iFig

SN RIS ) L4 T T 1 JEE st mT bR et
EEPY, (BfRH LA sk TR G 2, 1F

FHS a4, 207 B, AR T Hilm R 2 M .
P NNIPAM Jy 3 B3 57 () J (o I OB » 218 T T
NTTFENRIRAS, ST R R A EAR, AR
ANTT PRI AR, HARF A R RtR, T (E
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Table 3 ANOVA for regression model of gelation time
TEKRIR P AmE 5 FE PE | 7ZESKRIE CPGAM HEE BU5 FH PH
e 1 678.666 1 186.518 51.405 <<0.0001| A? 1480.264 1 1480.264 407.964 <<0.000 1
A 0.806 1 0.806 0.222 0.6475 | B? 12.801 1 12.801 3.528 0.089 8
B 31.320 1 31.320 8.632 0.014 8 | C? 18.054 1 18.054 4976  0.0498
C 158.634 1 158.634 43.720 <<0.0001 | %%z 36.284 10 3.628
AB 3125 1 3125 0.861 03752 ZRAI 28.951 5 5790  3.948  0.0790
AC 1.125 1 1.125  0.310 0.5899 | 4Rz 7.333 5 1.467
BC 3.125 1 3.125 0.861 03752 1714.950 19

A%

F<4 INERW
Table 4 Verification test

., HPMC/ PVP P(NNIPAM- Ml Jiht  LCST/
Ty K30% HPMA)/% If[a/h IffE)/s C
1 30 95 10.0 2 8 307
2 30 95 10.0 2 9 307
330 95 10.0 2 8 308

T DS AL 25 25190, 1 i JE A i Ot s A b 1 3
A it 7], TSR RIMER, RE T, RY
FIRAEAOREAE: RN, BRI EA R 1
F, 97 1 B v R0 20 1 S50 T35t 92 QU THD PR
IR A

AT AT BT IS NNIPAM A1 HPMA [ He 6]
SRS S S5 A e, 15 B KIE 1 &2 LCST
1) PONNIPAM-HPMA) [ [ REFC LG, A b BR i 5,
Oy T, KM UV ENE LCST w4 Bl )
TR Z M . S IEER A VR BME, EK %

C/%

A%
&5 P (NNIPAM-HPMA) 7K:E8%. PVP K30 1 HPMC F £ 3t BB B8] A 5200 i 2 = 2k K N 2 T [E]
Fig. 5 Contour and 3D surface of P(NNIPAM-HPMA), PVP K30 (A) and P(NNIPAM-HPMA) use level for gelation time

B/%

ZyItA], B SCRTHINS HPMC. CMC-Na AR a4
Fi AR T 522, fJ5iEE HPMC. PVP K30
e PRI SO R, B R AEIAE 2
PERRT AR, AT B 4 A0 R e R), 4R 24,
FIT B EHAER.

A S @ R A R A A T P(NNIPAM-
HPMA) 7K#&EZ, 28 )G LA R -2 A i ik 1
SN 11 i S A7 iR OB e 1 b 7, R DA T FE LA
(25 SR £ 3 LS Rl O s SR AL T BB I AT T
IR, 5 RRTEMUA LT AT, R
H48 T LN 1 i SR IR e, A2y e, AT
P ke, JEnT KA 2], HfE T 2w 51T,
NSRRI PR32 B SR A T — il 7,
NIBYT DS ez R A TR .
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