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Preparation, quality evaluation and pharmacodynamics study of
tetrahydropalmatine nanosuspension thermosensitive gel

ZHU Haiting, ZHANG Junli, WANG Xiaoyu, CHEN Wenjing, MAO Yifan, JIANG Mingrui, WANG Huinan,
ZHANG Xinning, XU Peng, WANG Yingzi
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To prepare tetrahydropalmatine nanosuspension thermosensitive gel (THP-NS-TG), evaluate its quality, and
study its analgesic pharmacodynamics. Methods The effects of temperature-sensitive matrix poloxamer 407, gel temperature
regulator poloxamer 188, bioadhesive sodium hyaluronate, tetrahydropalmatine nanosuspension lyophilized powder and penetration
enhancer on gel temperature were investigated by single factor experiment. The drug loading and penetration enhancer types and
dosage of temperature-sensitive gel were investigated by taking 24 h cumulative permeation (Q24) tetrahydropalmatine as the indicator.
The formulation of temperature-sensitive gel was optimized by orthogonal design. The properties, gel temperature, pH value, viscosity,
drug content, release rate and skin safety of the prepared THP-NS-TG were evaluated. Finally, the analgesic pharmacodynamics of
THP-NS-TG was evaluated by hot plate analgesia test and acetic acid-induced writhing test in mice. Results The optimal preparation
process of THP-NS-TG was as follows : the amount of poloxamer 407 was 17%, THP-NS lyophilized powder was 5% (calculated
based on tetrahydropalmatine), the amount of water-soluble azone was 7%, and the amount of sodium hyaluronate was 0.4%. The
quality evaluation results showed that the quality of THP-NS-TG was stable, controllable and safe for skin medication. The results of
pharmacodynamics experiments showed that THP-NS-TG had both central and peripheral analgesic effects. The analgesic effect
increased with the increase of dosage. Conclusion The prescription process of THP-NS-TG is simple and stable. It has good sustained
release and transdermal properties. It has certain analgesic effects on central and peripheral pain, and there is a positive correlation

between the analgesic effect and the dosage.
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Corydalis yanhusuo W. T. Wang 1 [F] A= W) B8 2 245 385Uk
gy, BABUR. BUEREIR. 8%, PR, JUMIE.
PURIA 525 BRAF U1 H TR R R
FEI R S WUAES 2 Mea 257730, HikéG 2
Xf 8 i B BRI O E A7 AR R 7 R0
B2, WS 250 T 8GR B WS, A B g 222
VIR 42 5 Tk e i )38 A4 A 20 23 DLI 21 J) 7 B 4
697 HIH —Fhaa 2iigte, BTG B,
N2 2 R WIRALH, ingeke. Smi NIRRLE
24 P RS RE AT 8 551681 B SE R O RAFAE KR
Z2 VU PRI AR 1] 100, R A1) JFL B 24 M A e PR L
R, DRLEAIT Fe E R R ) 7 A B B R 24 S A
Mo UTEERE A A2 R ERI, gokpL02, i
FUARISIEERHOR, fE— R LleE T ENROR
VAR AR R . KR EFRE R — R R A, R
AHAER. L7 TEMB. IR, TR
FERR S AP R Sy i 0418), 22 je i 20 g
EeAL G R 7R B B, N T VR 252 f
v, BA RIFHImKB T . I AR A
S HME VR ) RE B R 4R R N K TR B
(tetrahydropalmatine nanosuspension, THP-NS), i
Fw T HARSNA B 2R A YA EED e

T BRI A — A IR B AU ) R RIS, AT
TAS-BI BAR R, WU T NS, FERAn 3 AR 2
i B2 I 2 A R P IR S K FR) 32 24 R 070 i
JRe 22 B 25 24y r] sk A I IR 250 5 R B i [ N, 24
W AR S IR TR T BB S s A AR AR T il ok
Jie, BB 2GR0, SRR, Yk 2
RIS BF AR, IR 259N FVE
FA R B A N 5081, R tE, ASSREGAE THP-
NS HyEEAl b, FEEB R 3R B % K TR Sl
HEIE 2 A7 (tetrahydropalmatine nanosuspension
thermosensitive gel, THP-NS-TG), AMYEAH 49K iE
AP R I E R L . S A A T A
Pl IR A RSB ARG BT
I X BRI RS AL, A AT
2y, BEEAYIRITEL, (EHEZYIRE Bl ASE
Ktk 7 THP-NS-TG HIAET5 4 T2, X HA%
JRBEAT T RIVPO IR TT 1 HABURIETE, 9 A
BHZR 3 R BRI 77 THD FR) IS FH 4 A 7 2R R R

1 (UEEHR
1.1 %8

Ultimate 3000 ZY HPLC, Chromeleon T.{Fuf,
2% [E Thermo Fisher Scientific 2 &]; BSI10S &+
K, HBEZHWRAESA R 2 7; KH7200DB
FEAEEVEL, BILRAES{EARAF; TK-12D
U B W B, BRI A BR A 7] HI-6A
Bt s, EEREARAR; YLS-6B B
REHARAL, Bt Rt R BA R A .
1.2 )

f#FE KM /MR 60 A, HERERF, fi£FE SD K
B, HEME, KBRS (2004200 g, MEBIAE (b
FOEMEARF R AT, SV aIE S 8 SCXK )
2019-0010; fHEFEHTE =4, MEME, ABE 2~3 kg,
T E AT 55 04 Y, SVYEATIE SN SCXK
(F) 2020-0001; AHFFE L0 5 B 25 K8 1e
HE R, 9’5 BUCM-2023033103-1131,
1.3 X5

THP-NS ¥ CHD; 3% 70 407 (P407,
ft5 124GS155964). JHIKVVUE 188 (P188, b5
M11GS148056), FigJEMEPRHE A R A R 5 175
JF FR4M (sodium hyaluronate, SH), fIt*5 2021102704,

520220928, KEHImEFEmARAR; A
B, fRRAERA s TKOEE, EZERLZER
A AR AR; BHAENLE, o Fes s a s
FAEMRA; KEEER, RET REAERT) 5 6
fih#k, #t5 4A7T, GSK Consumer Healthcare S.A..
2 HESHER

2.1 THP-NS-TG BI#I& B R EERE RN E

2.1.1 THP-NS A 00 2308 i 5
%, RAVIE- i) % THP-NS. FREVEHER 2
# 50 mg, Hn 5 mL HEEEM, (ENAEPLAE; BLS0
mg FEFIZE 50 mL £ &E 7K, FENKA,
AN R R KA, 700 r/min #184E 20
min, ¥ 585 EOE [FICFFEE, 7E 120 MPa (1200 bar)
AR 15 %, R4S THP-NS, i#t— it 7k
AEHE, AT RE AN 0.3%FLBEVE vk T4 77
PL/D R (15, i3 THP-NS %R 25 1
K4z} PDI /.

2.1.2  THP-NS-TG K % %] & £ % I 8 &t i
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(tetrahydropalmatine thermosensitive gel, THP-TG)
(I & SRV VTR 5 B I i ). AR IR 7] 55
Zj 1) THP-NS ¥ T-#; & THP J5ik} 25 (LARESH R £
FOEID, AT K PR R, Bt
5, RIGET 4~10 CUKFEF A 24 h, FHFTEH
%, BI3 THP-NS-TG 5 THP-TG. XKHAAMIFJT
%, W& AN THP-NS % T8 5 THP 5kl 2, B
15325 B o

2.1.3  JREHRFERNE  RABHEENNE R SR
FERO), fE S A HUR B 2 mL, B TR
PEARI T, DLWTRG IR EE 20 °C, FHEEZ 0.5 °C/min,
FLL 50 r/min FE A ERE IR FE, Atk BT 8
A5 A Sl I W A T R R, 12U B A i R
2 P J ot

2.2 THP-NS-TG {FNE R BEMR

221 R LRERIBIE T IEFES

(1) i 2f4: Thermo Fisher C g a4 (250
mmX4.6 mm, 5pm); s F EE-0.04 mol/L
FRZKVEW (80 © 20, Fl=Z & pH 1 6.0); il
W 281 nm; AE 30 C; AR E 1 mL/min; 3k
FE 10 L.

(2) LJEtEggg. R “22.1 (D7 HUNEiE
ZE0y BN A BRSO . FE A ZR 2200 R R AT
THP-NS-TG i% [ Bt il e, a5 8 WK 1, &
BHAE SR LRI TRAE % B 264 N L B R &F .

(3) MR AFL: BERIEELENROR
PR, N F R 7R VA AR, O R — e Rk
(B, BUAEBHZR £ 25 HR SRR, TC 1 B FE I
IR IR AR, 158 “2.2.1 (17 BN 7k
e VAR, DLAEBHER £ 2 i SR R AR AR (X0,
WETH RN AALKR (V) FEATLRYERNA, 13 2 hRE 2k
A FEN Y=169.21 X+0.076 7, R*=0.9998, %
BRI R L FAE 0.78~400.00 pg/mL X 14K &
EY/5

(4) FEEEHLE: R EE A ZR 430 IR
R 10 UL, $208 “2.2.1 (1)7 TR (il 4 4Lk
FEMISE 6 Ik, MIEERER, HEHRREHN
RSD N 1.64%, RHIZAHEHE R,

(5) feE e, BUE—HtE o, 1%
“2.2.1 (17 BUNAIEZAE, 40 34E 04 2. 4. 8.
12, 24 h @R, dsgEmmA, e s R R
T2 RGN RSD A 1.80%, #FHEH THP-NS-
TG I3 B GHAE 24 h AR 2 T KA.

HERHRCFR
A
B HHARLE
c
0 2 4 6 8 10

t/min
B1 EHPRZEMNRE (A THP-NS-TG B EWLR
(B) Fiz=H#EWR (C) B HPLC [E
Fig.1 HPLC of THP reference substance (A), transdermal
receiving fluid of THP-NS-TG (B) and blank receiving fluid

©

(6) HEEMEHELL. BUE—HE B EICHFE 6
B, #9220 (D7 BUR g AT E,
JE AR BIR, IR ORI RSD 4 2.10%,
RWZIEEE M RE, A RN R,

() ke R 5. IOMAEHER RS
BIE R OR 6 1, B 1mL, A= S
AU IEH R L0 VAR, $5HR “2.2.1 (1)
WUR e pe e, THEIRERICR, SRR,
EFHZR SR IFE [ %0 102.01%, RSD N
2.90%, FRIZITEINFEEIRCR 4T,

222 WANZEEBERE WREEFains
otz i), FEZEEm R, SRk e, 1E
BRSOt R RN TG 1T RN 37 CHIART 30%
CWEKESI, WA 5 BTk N 24k, FHEHES S0,
BT (37.0£02) ClEE/KEH, LL 300 r/min /1
PikE . i IRAESC T 30 min J5, HUEE
THP-NS-TG iR TRk b, B Z 5 m 800G
ST 1. 20 4. 64 8. 12, 24 h WEUEEGK 0.2 mL,
[ B 78 S5 R TR P 2 BRSO - B SG 0.22 pm
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T FLIEREERE, HPLC &0 5E -
223 HEo AVMNERELE (O HEA
LR, L Q. WTiTIE] ¢ 7 EfEE R .
On=(CaVo+3 1\ CiV)IA
Co FI Ci 43 REEE n ANFIEE § NI SR BIREE, o
FHACRAAR (8mL), VIEEAA (02mL), 4 HHXK
P HEOEA (3.14 cm®)
2.3 BEZEZE THP-NS-TG 5T E
23.1 P407 HEHSE MRS “2.1.27 BiF I35
T 1) 2 51 AS [ FH 1) P407 25 B, FEREHE“2.1.3”
T 7€ e EiR B, SPAT 3 IR 255K P407
BT 15% M ANEER, 18 17%HihER, 3 A
G R TEE, BRI ZHEC. AR
WER 33~34 °C, HFEH P407 FHEHN 17%.
232 PIS8 HEXLE [EE P407T HEN 17%, R
92127 BURIES RS RN FEHE (2%
4% 6% 8%) P188 M7 IR, JFAR#E “2.1.37
TR e B e, AT 3 k. R, 4
P188 FH &/ T 4%, i iitils & b A 30 = 3
MHGHN, 24 P188 FE KT 4%MT, Jekbii B pl G H
& BT RS A . AR R Bl 2k, el 2
KRR, HEFE P188 N .
2.3.3 SH HEHEE  [F5E P407 FHEN 17%, HRIE
“2.1.27 TR ES BIRLH RPN S AR & (0.3%-
0.4%-+ 0.5%-+ 0.6%- 0.7%- 0.8%-. 0.9%) SH HI%%
FIEERS, FEMRIE “2.1.37 TR 7950 5E IR,
AT 3 IR SiRKEMEE SH HEMNTH &, KR
FEIZWIFEAK, SH A 0.4%~0.6%H B i sk
B, AR TG HE N AE AR, & T
Wk T3, wishtEAR 2, ks SH HEN
0.5%.
2.3.4 THP-NS G TFHHEES [ExE P407 HE
N 17%, SH HEHN 0.5%, ¥ “2.1.27 TR ik
S AECH R R E (0.5%. 1.0%- 3.0%- 5.0%-
7.0%- 9.0%) THP-NS HT-H #k 25k, IR
“2.1.37 TR J5 N e IR, SPAT 3 IR G
524 THP-NS & KT 7.0%0, ikt in & i %5 THP-
NS VR4 H &= s P
235 RFEFIHEZS [EE P407 HEN 17%,
SH HIE R 0.5%, 35 “2.1.27 TR 55 Bl Ec H]
ZHEHEARFHE (1% 3% 5% 7% 9%) /K
PRI S T8 02 B, JRARAE “2.1.37 TR
T BB , TAT 3 K. 45 RR W BHL

B o 7K 1 R 5 T I R n e BRI S
s SFERT 790, Rkt R T A ARR
M, DGR RE 1% 3% 5% T%/KIETER
HR AT R RIE A, AFERE 9% &SI
Fie AP RSB )

2.3.6 THP-NS-TG #HZimF5 MRIEM k=X
RS BEIR FE IR, [# 52 P407 &N 17%, SH &
N 0.5%, R “2.1.27 TR J7 k5 IECH R & A
NEHZE (LR 2 ETT, 0.5%. 1.0%- 3.0%-
5.0%- 7.0%) THP-NS %&T-#; Ik 2t , A4
“2.27 WUR JTIERAT KRR SNE FESess, SR PR,
BEAE RGN, R AEHER LK 24 h RR
FEi R (Q) M RBIFERFMNIGKR, M=
M 0.5%IEIMZ 1.0%0), Qo B4 MIT 1 4%, H—0%
WEWINE 3.0%. 5.0%. 7.0%M, O BEEARLL,
AR, IR 3.0%3 A AT RERFH L, K50
g R 1 MK 2.

2.3.7 ERAREAIGE L AR YRR X AR
FERIREI, $EBE “2.1.27 T A7 vk & &R R &

*1 TRHZEN THP-NS-TG PEBRZEHINERK
BEMHIFN (X£s,n=3)

Table 1 Effects of different drug loading on transdermal
permeability of tetrahydropalmatine in THP-NS-TG irn
vitro (X £S,n=3)

HEEY% EVEyg R Oulugem™®  Js/(ugem2h)
0.5 (0=33541¢+0.5684 0.0999 51.350+7.466 33541
10 Q=58121¢—0278509992 99.390+11.522 58121

30  0=43767t—29876 1.0000 123.170£26.685  4.3767
50  0=648291—05626 09997 141.960£47.909  6.4829
70  0=48404¢+72788 0.9999 151.180£25.105  4.8404
2007 g 0.5% ;
—o— 1.0% ‘

| —2— 3.0%
1501 —— 5.0% /T

Ou/(ugrem™)

25

2 TREIHZGEN THP-NS-TG FERRZEHINZRE
BB (X£s,n=3)
Fig.2 Effects of different drug loading on transdermal
permeability of tetrahydropalmatine in THP-NS-TG irn
vitro (X £S,n=3)
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(0~ 1%~ 3%- 5% 7% KRR A —BE K THP-
NS-TG, KM Franz § Huithi%, #ATHINE 53
WG, HE 2 MLEFX THP-NS-TG & JiZi#ER
SOME, BRALPAT 3 . SEIGAIRRW], KA VE U
MIENR CR BA GBI, (RERRSHHER
BIRAIEIR R, H 7% KPR R R A2 RICR
AP, EHFAAFTEHR LR Ou N 185190
ug/em?, ZERILER 2 A 3. WA EHERN EEY
T e R, G IR 3 R 4. [RIBRIESE 7%
®2 ARIAEKEMEREX THP-NS-TG PRBRIE
FINZEEIEMRIFNE (X £s,n=3)
Table 2 Effects of different dosage of water-soluble azone

on transdermal permeability of tetrahydropalmatine in
THP-NS-TG in vitro (X £ S, n=3)

Z% EVEypE R Owlpgem™  Js/(ugem>hY)

0 0=43767:—2.9876 1.0000 123.170126.685 43767

1 0=443851—2.7447 0.999 4 129.710+9.816 44385

3 0=49367:—3.2074 0.9959 143.230+14.509 49367

5  Q=4.89731—2.6386 0.999 7 168.390+10.415 48973

7 0=5.7979t—1.0683 0.9952 185.190%14.098 5.7979
2001 _u— o P

| —o— 1% T

1504+ 3% .
—r— 5% >
—— 7%

100 A

Ou/(ugrem™)

50 1

t/h
B3 ARA=/KEBIMERENN THP-NS-TG FEPRERTE
HINE T ZIEMRIEMm (X£s,n=3)

Fig. 3 Effects of different dosage of water-soluble azone on

transdermal permeability of tetrahydropalmatine in THP-
NS-TG invitro (X +s,n=3)
%3 TREAEAZEEX THP-NS-TG FEHRZ EF5
ZRBIBEMMNFNE (X£s,n=3)
Table 3 Effects of different dosage of propylene glycol on
transdermal permeability of tetrahydropalmatine in THP-
NS-TG in vitro (X £ s, n=3)
R R
0 0=4.37671—2.9876 1.0000 123.170£26.685  4.3767
1 0=3.1937¢—23089 0.999 8 102.070+11.398  3.1937
3 0=3.83321—2.0329 0.999 8 111.630£12.651 3.8332
5
7

=% Ou/(ugem™®)  Jsl(ugem>h™)

0=2.8205¢—0.8019 1.0000 91.730+22.453  2.8205
0=27101¢—13337 09965 74750112224 27101

150 1

100 A

0,/(pgem™)

50

B4 FREIFAEAZEE THP-NS-TG REAR Z R
KRBIEMHFNME (X£s,n=3)

Fig. 4 Effects of different dosage of propylene glycol on
transdermal permeability of tetrahydropalmatine in THP-
NS-TG invitro (X *s,n=3)

IKEEPE B A7) o

2.4 ERFIHAL THP-NS-TG &7

241 IEZRBREARCF S IRERE  RYERRIR
FE UL LIRSS SR, AbT7 TR IRIET . R
/KRR SH A& 4RI X THP-NS-TG 1A 4h
L BB EL A — B, HZ UL O RN Y
2o BB AR, PRI, AW FUEFE THP-NS ¥
TR & (AD. KIEMEZE A& (B). SH & (O
NELGRE, ULHARLE Ou NIFMTEIR, R
PR R E R P K3 K, RFLE
ASRBHEHAT AL, IR 5KCF R Al e 45 2R L
R4, TWESWERNE 5. LIEEREKY], THP-
NS-TG AbJ5 3% ok & xRS BB @ VE R
i KN C>A>B. 5 204 R 3K Y], THP-NS

*4 EXRBERKTE. REZIHTEHER n=3)

Table 4 Factor level, experimental design and results of

orthogonal test (n = 3)

F5 A% B/% C/% D(FH) Qul(ugem?)
1 1.0(1) 1() 04() 1) 102.318
2 1.0(1) 42 052 ®) 119.893
3 10(1) 7(3) 0603) 3) 94.055
4 3002 1(1) 060Q3) ) 158.745
5 3012 7(3) 05(2) 1) 140.721
6 302 4(Q) 04 3) 199.162
7 503) 4(Q) 0603) ) 170.493
8 50(3) 7(3) 04(D ®) 264.951
9 50(3) 1() 05(Q) 3) 184.708
K1 316266 445771 566.431

Ks  498.628 489.548 445.322

Ks  620.152 499.727 423.293

R 101295 53.956 143.138
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K5 FENRER 2.5 THP-NS-TG FIREiIFMN
Table 5 Results of variance analysis 2.5.1 MRIRFEZE RIE (PEZ5H) 2020 F B R
WERNZE NACF M HbiE B Fii BEM FITRESR, 4 THP-NS-TG #7347 MR G 2
A 46790.190 2 23395.095 22.227 P<0.01 FIEIRA T THP-NS-TG NI A @ik, 5 KR
B 1643844 2 821.922 0.781 0.471 JEAE BRI E (33.540.5) C&AT, NAAEYE.
C 11 880.440 2 5940.220 5.644 0.011

D(ZA) 21051.111 20 1 052.556

R X THP-NS-TG MIAANE 1538 B AW
B (P<0.01), SH AEX} THP-NS-TG ffk
AN B B BRI (P<0.05), K S
BRI . HISH THP-NS-TG 1A
BTN AsBsCr, B THP-NS T4 F &4 5.0%,
REEFIKEEEBHEAN 7%, SH HEHN 0.4%.
242 wMWATTIAE  EHHAR S & T ESHA
A, tef R a7 4% 3 #it THP-NS-TG, #4T
SN BRI L Qs SRR THINNAG ) HEE
FEEE, VP TRASE Y (e M e e e . S0AIESS
WK 5 F1%E 6, 3 #it THP-NS-TG K Qx ¥IME N
(249.280+20.609) pg/em?, 5 IEATIRIGA % L5 FHE
ALRFE—8, WHZ kR, FRe e, fe
5B 0 F TR AR R AL 5 T 24k o 17 3 4t THP-
TG I O HIME R (129.880+46.294) pg/cm?, THP-
NS-TG 3% [ R T THP-TG, K FHAK IR E57
AJ DL BT (1325 B WS AR 3 77 2808

250 { —=— THP-TG
—+— THP-NS-TG
200

150 A

100 1

FRUED &/ (ugrem ™)

50 1

0 5 1‘0 ll5 2I0 2'5
t/h
Bl 5 FIMNERIRYHIZ (X£s,n=3)
Fig. 5 In vitro transdermal absorption curve (X £s,n=3)
&6 WHFIZWIEHER (X+s,n=3)
Table 6 Verification results of prescription process (X £ s,
n=3)
P R R Qwlugem™ Js(pgem>h™)
THP-TG ~ Q=4.8805¢—2.8864 0.9975 129.8801£46.294  4.8805
THP-NS-TG 0=6.1009¢—3.4204 0.999 3 249.280+20.609  6.1009

YU -
252 JREHREHEE L THP-NS-TG FEin, %M
“2.1.37 TR AR BB, AT RE 3 IR, 4
RERHREHRE RN (33.1+0.1) C. J{HFEHET
BRI, RefE R U MU BT R ek, IREER
FE RIF
253 pH fEME K CHEZH) 2020 RIS
RN FE AT BR B A A . X 3 kA% 4 T7
4% () THP-NS-TG, H pH i1l pH H, %5
PR pH N 7.02£0.04.
254 FENE  fRmTT AT 3 ik THP-
NS-TG, MHBERFE2n T =i (25 CT). &
B (33~34 C) M TNEHFE, £FP47 3 K.
M5 3 #it THP-NS-TG FIFE WK 7 i, L=
RS N HF RN, iR FE TR K.
7 THP-NS-TG HHEMNELER (n=3)
Table 7 Viscosity measurement results of THP-NS-TG

(n=3)
ek _ B mPas)
=i i
20230301 1578.5 65518.0
20230302 15744 67 679.0
20230303 15594 69 190.0

255 EHEE

(1) it [ “22.1 (17 HFAZR.

(2) XTHE SR & REIUEAR %
XTHE AL S mg, HREE S EARES S 5 mL, FLHK
BRI N 1 mg/mL EER, &H.

D BER S VA i) £ < BX 100 uL THP-NS-TG,
I 1 mL HEE R #kE, JE N EEE A2 SmL,
FH 0.22 um BEREERL, BTSSR

(4) EJRtEggt. %R “255 (1D NG
AT TR 2 B H B VAR . AEA R 2N R
WL S THP-NS-TG H A, AT e, 2558 W,
Kl 6, RIAMESH R LR AL A& N ERBER L.

(5) LRMEKRZRZFZLL: HUEHAR LRI BHR
P 1) Ao 5 R R S o) B VA, R €2.5.5 (1)
TR s 2 A AT e, DIAEAR R TEIRE N



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

* 4233«

EHR R
A
EHR R
B
VM J
C
A
0 2 4 6 8 10

t/min
6 EHRZEMWESE (A THP-NS-TG (B) FMzHE
f% (C) B HPLC &
Fig. 6 HPLC of THP refenrece substance (A), THP-NS-TG
(B) and blank gel (C)

FARAR (XD, WETHRUNHALAR (V) AT,
R bRE R R RN Y=171.50 X+0.108 4,
R*=0.999 7, Z5RFRHLEIR LEIE 0.78~400.0
ng/mL M0 R RUT -

(6) FEEEHLZ.: WAEHR L FE XTI VAT,
R “2.5.5 (17 TUN 8@ s SR E 6 1K,
ME g R BoR, LR R IE AR RSD 4 1.11%,
FIZA NG 2 P R AT

() Fa e P %2 BUA) — iR BBt i BV,
78 “2.5.5 (17 BURARERAE, Al fEd %5 0.
2. 4, 8. 12, 24 h #EFEIE, MELs RER, L&
R ORI RSD N 1.03%, F W] THP-NS-TG
TRAE 24 h IWFRE T R 1T

(8) EEMHELL: WA —HL & B EFE M 6 4,
718 “2.5.5 (3)” TR 7 kil % THP-NS-TG ¥,
P “2.5.5 (1)7 TR itk gt ar e, e ss
RN, WHRCETES M RSD 4 2.47%, &£
B2 73 B AR M R A D E K

(9) fIuEREIeEREE: FEERE 1 mL %
TR O R BRSO R 6 17, &5 5N
ANFEHFEMUMEHR CETBGER, %R

“2.55 (D7 TR IS AT E, 4550 B it
ROFW MR RS 9847%, RSD N
0.79%, FIZITIERICRE R I .

(10) P TR 2R S ENE 255
(17 TR 43 240145 3 #it THP-NS-TG #f5% FP3E
AR E N 51.700 5048, 50.68 mg/mL, -1
JREWEN (50.98+0.69) mg/mL.

2.6 {RIMERISCIE

KB AL E THP-TG M THP-NS-TG
(IR AR U « BUE & THP-TG 5 THP-NS-TG, B
TR EE AR FHEN 8 000~10 000 fENH A%
s, LA 30% OREAKIERAE RN, 3B
N 100 v/min. N 37 C, 43T 054 1.04
2.0, 4.0. 6.0, 8.0, 12.0. 24.0h UKt 0.2 mL, Ff#k

S [FNRBE R B, 45 R 7 Fow, £ 24h N,
THP-NS-TG W44t R 55T THP-TG,
24 h B RZAVRECER AN 90.79% 62.18%. Xt
PR ) BRI A AT E 4. —2¢. Higuchi.
Ritger-Peppas P& Weibull 3l 7754 5 445, 4558 0L
#8, B R2AJLAEH, THP-TG &BA LA REE
¥4 Weibull > Ritger-Peppas > Higuchi > — 2§ > %
2%, THP-NS-TG &8 4L L EE 359 Weibull>
Ritger-Peppas > —2 >Higuchi> %%, 450 KM,
THP-TG Hl THP-NS-TG ¥J 5 7 & Weibull B A,
T BCEE I A 55 v b 3 R R 2 AL . Akt
PR T DAE Y, iR BRI TE 0~8 h B RSk,
7E 8 h Ji7 RFURE IR B I [F] 2 Kt TP A
2.7 THP-NS-TG HIREFHREMER
271 RN S

100
80 1
xX
< 60 A
=
o
= ]
B 40
20 1 —a— THP-TG
—a— THP-NS-TG
0 . : : : .
0 5 10 15 20 25

th
7 RSMNEZGHELL (X £s,n=6)

Fig. 7 In vitro release curve (X £ S, n=6)
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#*8 THP-TG 7 THP-NS-TG LR ERFIMRERIIELER
Table 8 In vitro release fitting results of tetrahydropalmatine in THP-TG and THP-NS-TG

g METTHE
THP-TG THP-NS-TG
E4 0=2.4413+11.789 0, R*=0.8580 0=3.592 6 t1+22.9920, R>=0.7511
—% In(1—0)=-0.039 0 t+4.4950, R>=0.9425 In(1—0)=-0.099 5 t+4.4050, R>=0.9523
Higuchi 0=3.0193 2404842, R*=0.9456 0=3.0193¢2+0.4842, R>=0.9456

Ritger-Peppas In0=1.732 1 Int—4.212 6, R*=0.9872

Weibull

Inln[1/(1—0)]=1.485 0 Int+3.136 3, R2=0.9954

In0=1.809 6 Int—5.440 9, R2=0.969 4
Inln[1/(1—0)]=1.299 1 Int+1.924 7, R>=0.993 6

(1) RSS2 57 R S0 KB v =2 B
RNTERE R IR RN R B R 2H . e B R IRZE . BT 24
79 K, 4hZ5HT 24h KXE&S, B9 THP-NS-
TG & ARFIEL ; B e B2t 6 K,
A RIS B, CUBIUONEE, 224 AR R — 2,
BEALS> N THP-NS-TG =+ . KFIEH. &, $.
T4 5.004 2.50. 1.25 g/lkg, ¥R R
FE B EE, A B IR A 2GR, A
WA AER, FIREEIE . B 900 5 A 25 e
SYSENAFE, 1d JE A S KR B, R
GERAL, 4h25)E Th & 1. 2. 3d Ja B HORAS,
FIWr R EAFTETCLLBE gy KIS DL, A
JURS S B 5 P P2 B RS20 (3R 9. 10D, AT
FRAFBER VI . S5 R BRI 11, W51
Mralan, 25 (GRS 25 i s Ry (R 257
2 2H 0 58 B R R A5 B bR 5K G 3 AR R I M B
(R s R . Rk, PRIREA 25T, AR
DL & THP-NS T8 K PE%UEH LA, SH 13
2R Y51 08 3 UG =2 G B AT B R

(2) ZIREE 25 R A e U e T e =2
T 6 K, 4525701 24h LE& N, HEL5 9y THP-NS-

RO BRI R RITES

Table 9 Skin irritation response score

AR pagic! KM HE
x 0 |k 0
B CEmEnr i) 1 |BE CEaEaT D 1
R CCHET D 2 |FE (HEER 2
B 3 |EE (Bl mm, BEER) 3
E SANCRAR 4 EEAMN (Bl mmbl LIFE 4
FEJIIV B ¥

R 10 RIRRRUALIE SR IF N AR

Table 10 Evaluation criteria for skin irritation

I3 A o318 S PPN
0.00~0.49  FohllEbE 3.00~5.99 o EERE
0.50~2.99 BRI | 6.00~8.00  SEIE:

11 THP-NS-TG BURAHR RRIH MR IELER
Table 11 Skin irritation of single dose of THP-NS-TG
FIE, AR VE Y 53

Q [=] > =1 |\‘ 9
WA HE T g g sa g T

SEREG R A 500 0 0 0 0 0 T
250 0 0 0 0 O 7

125 0 0 0 0 0 7

FEABK 500 0 0 0 0 0 T

250 0 0 0 0 O "

125 0 0 0 0 0 "

Wik ek 5.00 0 0 0 0 0 TG
250 0 0 0 0 0 7

125 0 0 0 0 0 7

FEB 500 0 0 0 0 0 T

250 0 0 0 0 O N

125 0 0 0 0 O G

TG =i L ARFIEA . 3R H FA A B S0
TG, [F 9270 (17 TR ERE. 42
24 h Ja IR ER KB4 253007, L4 2 Td, 4
2 )5 F AR B R /K BRI, R FH R R A4S 24530
P, TEPRVEEE 1h & 1. 2. 3d WEEEIR 45 24535
RERZRR, PR EAELRE. KGN, #EE
9. 10 trdEFEAT ISy . SRR 2 B IRG Y
Jei» FZERAT AR R I BE, HA ULBH & 57K i s v,
RIREE R 12, X RPral 5, ESHA 74,
AN T 71 B L 36 24 e R 25 P Tk e 1 %o e 3 S R
P8 22 G T 2 IR R TR SR 1k
272 Rk

(1) B PO 2K 6 R, 4A25HT 24
h % 5. BENLZ> N THP-NS-TG 41H1 NS-gel 41, i
By, o3 A S AR IR T B A MBI, AR
e, PR AT DL ARAT SR B e, A TR, FRsk
6h, VARFERIIEIESS 7. 14 RO AER.

(2) WOk Efih: RIRG )5 14d, BUS 255K
HNS-gel A0 T HKAEHAMBEXE, 6 h 55



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

#4235

#* 12 THP-NS-TG Z RGP BRRIH M IRIELER
Table 12 Skin irritation of multiple administrations of
THP-NS-TG

IR, BB VEr/ 5> R

> L
AR (gkg™) 1h 1d2d3d Py
SERE R AR 500 0 0 0 0 0 T
250 0 0 0 0 0 I
125 0 0 0 0 0 I
AWK 500 0 0 0 0 0 G
250 0 0 0 0 0 ¥
125 0 0 0 0 0 7
ARG 3258 500 0 0 0 0 0 xT
250 0 0 0 0 O pn
125 0 0 0 0 O ¥
A 500 0 0 0 0 0 7
250 0 0 0 0 O 7
125 0 0 0 0 0 G

FgEe, EDZIWEE, SRET 1h & 1. 2. 3d FR0
S TCLLBE K DA B R | AR o 4 7 B i A OO
¥R 13, 14 FpdEdEE THP-NS-TG it ik, 45
RRPFEERA25 6 h 5, HZEASIEHZE
AL, A IR RS K, R e
Wi RS B U S, ARSI 15, R
TR BRI TR 25 i+ TR BRI DA R A 3 71 5 %,
G303 22 S 3 T B B B E A

F 13 EERREHIERNITES

Table 13 Skin allergic response score

ARSI pagi:! K o
P RAR: 0 TeIK 0
R 1 LK 1
SRR 2 Hh K 2
HELLHE 3 K 3
KPR L3 4

® 14 KRS HIEITNIRE

Table 14 Evaluation criteria for skin allergy

B = th LT B K S B A 6 2 2 B

2.8 THP-NS-TG HIZ535 216

2.8.1 /DRMBOEEURLLS KM MER N 5 H,
BIAERIZH . FAth b0 A0 THP-NS-TG & F1. %5
s, A% 6 X BRI DT RS 4 2
AR Y% 1.0 g/kg i TIEHHEEAL; THP-NS-TG
B L ARFIE A 5% 050 1.0, 2.0 gkg iR T8
AR EAL . & H %245 )5 10 A B R K B 45 24550
BE, FEAEFIARERIE T R 4k seh 2, SR 5d. 4B
BIRAHIE/NRIET 55 CHRIHAMR L, id3th
N ONEE I BN SR ) SaA i T % =R s
3K, BFRIAIRE 10 min, REIUASHT 3 KSR N [A] T
HOPIME, 2P RME R IR R R . 2B S KA
Je, BRZRZ, A ER R KRBT 18 5 MR T
Jo, e IR TR GE [ i E], S5 R 16, S5
BUH LR, SAAH/ DN RG 25 BHES BT &
(P<0.05.0.01); THP-NS-TG =7 8415 THP-NS-
TG FHRIEAREHBEATFERERNEE (P<
0.01), SHABMLLHM L THP-NS-TG =77 & HR 5
SRR AEE (P<0.0D), WIS FH
ERMRHEFE R N THP-NS-TG 1 #1544 > THP-
NS-TG H7fl& 24 > Frfth#h2H >THP-NS-TG %55 &
H, JWERPEEETESIN 44.79% . 20.52%
15.56%- 9.72%.

R16 FERBERBEERAELR (X£s,n=6)
Table 16 Comparison of pain threshold induced by hot
plate pain test in each group (Xt s,n=6)

45 %Ui,/ Qﬁyjﬁﬁ QQ%E EAH/s MBI
(kg™ BfHs  BESs %1%

TR - 6.56+0.67 6.25+1.07 —0.31 -
Peftepk 1.0 6.13+1.03 7.01+0.66 0.95 15.56
THP-NS-TG 0.5 6.50%121 7.14%£0.77 0.63" 972

1.0 6.14%£1.51 740+1.18 1.26™ 20.52
2.0 6.39£0.829.26+1.67 2.86™4* 4479

Y% R | BEeR% R
0~10 BEESE:L4 70~80 SR E
20~30 BB 90~100 @ EE
40~60 Hh R B

15 THP-NS-TG [RS8 St s
Table 15 Results of skin allergic test of THP-NS-TG

e S st v R ST o EeriE
P 1h 1d 2d 3d #% %
THP-NS-TG 0 0 0 0
NS-gel 0 0 0

LML L : *P<<0.05 ™P<<0.01; 5 THP-NS-TG 7l 4lL
B 20P<0.01; HPAMARALLE: *P<0.05 #P<0.01; £ 17 [,
*P <0.05 P <0.01 vs model group; 2P < 0.01 vs THP-NS-TG
middle dose group; P <0.05 P <0.01 vs positive drug group; same
as table 17.

2.8.2 /DRBSEAIASZE  HKM R 30 2, %
M “2.6.17 TUFNERMTEBE . 5452, %47
5dJE, Bl 0.7%IKBERIE, R /B ip 0.7%1K
BE IRV 0.2 mL, E AFEA AN RAE 15 min
HARRIREL, THEH AR 2.
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A 2 = (R TR AL L U — 2 25 AL P U ) A
TR L U8

SRR 17 R, SEAA R, PAb kg
THP-NS-TG 3 AR AL D 15 min W/NRAE
A AR BB (P<<0.01); SHAbARAA L,
THP-NS-TG 15~ 771 & 2% /)N BR LA S SR B ik
D NEZE (P<0.05. 0.01), THP-NS-TG 17 &
/N B S SLRETE B B 22 5, IR /N B
PR B5CRAR 2 o FHLAAR S RL ) 26 i v B HE P
WK THP-NS-TG =157 & 2H >THP-NS-TG 7] &
H >THP-NS-TG {71 &4 > HeAh bR 4, #2735
9 58.26%- 38.00%. 28.66%- 26.47%-

#17 BHENMBRABSRREE (X£s,n=6)

Table 17 Comparison of writhing responses in each group

(X£s,n=6)

ZH ) FEgkeg™) 15 minFlARRE  H0HIE/%
it - 53.50%+5.01 -
Btk 1.0 39.334+5.43* 26.47
THP-NS-TG 0.5 38.174+4.62™ 28.66

1.0 33.1714.79**% 38.00
2.0 22334528 5826
3 T

AR ORI FIT RN ER =, HHKE R
%, RN GREARE,  CIRIBISCAE YR AR, 52
T I RO B RS FHR7-281, - A 500 ) 46 1k
TR, TR S AR K Fs e, HE
AR TR, BA%RE. BBI6e. A0F
FHRE s B S P i R AL 34 20,

ST LR F IR ik T IR R . A
B R THP-NS T8 & LR AR BRI,
HUMET R L3R O NIEFRIE—PH 5 T THP-NS-
TG #ZiE. BRI A&, RAHIEZ R
Wb T5 HFATIRAE, 3R1F T BT B E i 4 47 T
2o TR T IR RSN G R B m S L, ARE
ROE 0w NN FESR, XFE THP-NS-TG 5 THP-
TG, Z5% 878, THP-NS-TG 3% J AR T THP-
TG, 0253 5H 90.79% 62.18%. X 2 1) R AR
IBES AT ES . —5%. Higuchi. Ritger-Peppas
PLK Weibull 2712 77 FE AT L&, —H /S
Weibull 2 /1277 2.

ARSI AL TT T2 £ 1) THP-NS-TG ]
PR RECEE . SR BT M k2 Akt
FTIRFL, o BT A R 1) R AT SR A VA, 4

FEIR, 4 THP-NS-TG iR F 23 Ak
PR, IR B BRI f5 L B B S A IR R, AR
BORFEN 331 °C, pHEAN 7.02, JREEnT5KE
B AN 1 570.77. 67 462.33 mPas, RN
(50.98+0.69) mg/mL, K& TT T EFE, Fb
M5, i HR A 25 4.

AT FUR A2 S ARV THP-NS-TG 1)
BURBCR ATV, 2580% 555K ¥ THP-NS-TG
K. . mAI AR/ N R IR R AE, AL

EREANE, BAC . mA R R RSURYY
m TRt EZ AR . AR, EHRLE
(ORI 1 P 2 00 A IR I3 A RN 528
(1), W Rk% RS ARRS YL 45 5 IEIE A B
ZARAT . PURFIPUEA S 2 FIHLEIB2), dnd i
FEAK 28 REAT 5 IR PR FE IR T--a. (tumor necrosis factor-
o, TNF-0). 4/ Z%-1p (interleukin-1B, IL-18)+
IL-6 SEREOR KA BUR 1R B, Hefbbk B H5R 1
PUAREIRIEH, FLAEFRIMLH] 3 2 8 0 5 571 i
FIA R BRI 38 52 1k BB R B,

gE L, AU AR IR R S IR SR R A 45
G 4 T —Fha R R UFIE RS 2 A M) THP-
NS-TG, #Ef | AMA IR LR . SRR
B, THP-NS-TG HA BT MERIEN, JalGaks:
JF & THP-NS-TG fill 1] £ 45 4= 1 i 25 80 VAR i 9
CAIA N SE R 203 48 57 45 24 1 3 O F T8 R 4%
B,

FBAE AL ERRAELEAEF R

SE K
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