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AT EEA] B R E A B AR, SE LA R R QA RS R m BN S B R E A R R mE RN S AR
Yo 3B AEREE, L THP 4k SLe R E 2 A M54, R L,(3°) B3Rk THP kLA 7, 5t H B2 %
SHEIEH(PDL) Zeta w45 83T H T ARIMEHUE LB CAR TR A A AT K 30 RO AL A AR E (A A,
10 g % 0. 1 mL &47K), THP &% 20(B 28,40 mg/ kg) , THP 24 K $UIK b &5 #) F40(C, 40.C, 48 .C,28,4,8,16 mg/kg) , & 6 A,
B RHERET | KEBKIAREE Y, 548 7d,2/5i83E 0. 9% K ag i Zom AR b R, 3040 &, B4R R, it
M e F AT M FE E,(PCGE,) Aesfn ik % /5 - £ EM(ST/5-HT)KF LR Mk h bk L5 iR -80.1,2 - R =Be R ELA
1:3:1.442 4 (20. 78 + 0. 63)nm, PDI 4 0.276 + 0. 011, Zeta w.4% %4 (- 0.258 + 0. 144)mV, & H F 4 (37.63 +3.74)%, B % & A
(2.46 +0.48)%,24 h BB FE % (27.17+0.03)%,4,25 ‘C3xE 0d #9443 % (20.78 £ 0. 63)nm, B 20 .C, 28 .C, 48 .C, 40> R 44
TR RN A 42.41%,18. 18%,48. 50%,63. 64%; 5 A 4Arb4 B 40 C, 41 . C, 40 C, 28/ Ragm R R #3) RE My (P<0.05),B 41,
C,28/ 8.4 PGE, 4= ST /5 - HT KP4 R EFKAK(P <0.05);5 B 4arb4E,C 40 .C, 20/ R kor 48 % (P> 0.05),C, a0 R
R B R FR Y (P<0.05),C, 280 R85 PGE,#» ST/5 - HT K-F348 % (P> 0.05) . 4518 #)%& 49 THP 1R ILE 124800, 535 4,
AR AARIR T 69488 M B AT, 7T 4838 33 54K PGE, #= ST /5 — HT /K-F i X 445 2R .
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Preparation and In Vitro and In Vivo Evaluation of Tetrahydropalmatine Nanoemulsion
ZHANG Jiannan',CHEN Zhilan®,CAI Liangyu',XU Minyi',QIU Lipeng’
(1. Wuxi Traditional Chinese Medicine Hospital ,Wuxi,Jiangsu,China 214071; 2. School of Life Sciences and Health Engineering.,Jiangnan University,
Wuxi, Jiangsu ,China  214122)

Abstract: Objective To prepare tetrahydropalmatine (THP) nanoemulsion, and to evaluate its quality and analgesic effect in vitro
and in vivo. Methods THP nanoemulsion was prepared by the phase transformation method. The specific media of oil phase,
surfactant,and co - surfactant were screened by THP solubility,and blank nanoemulsion was screened by pairwise combination. The
mass ratio of surfactants to co — surfactants, the mass ratio of surfactants to oil phase, and the dosage were taken as evaluation
factors, and the particle size and drug loading capacity of THP nanoemulsion were taken as evaluation indicators. The L, (3%)
orthogonal test was used to optimize the formulation of THP nanoemulsion, and its particle size, polydispersity index (PDI) , Zeta
potential, encapsulation efficiency, drug loading capacity, in wvitro drug release rate, centrifugal stability, and storage stability were
investigated. A total of 30 mice were randomly divided into the distilled water blank group (group A,0.1 mL of distilled water per
10 g of body weight), THP suspension group (group B,40 mg / kg),and THP nanoemulsion low — ,medium - ,and high — dose
groups (groups C,,C,,C;,4,8,16 mg / kg),with six mice in each group. Mice in each group were orally administered distilled
water or corresponding drugs once a day for 7 d. Then the pain model mice were constructed by 0.9% glacial acetic acid,and the
analgesic rate was calculated to evaluate the analgesic effect. The serum levels of prostaglandin E, (PGE,) and serotonin / 5 —
hydroxytryptamine (ST / 5 — HT) were also detected. Results The optimal prescription was as follows: the mass ratio of ethyl
oleate, Tween — 80,and 1,2 — propanediol was 1:3:1,the particle size was (20.78 + 0.63) nm,the PDI was 0.276 + 0.011,the
Zeta potential was (- 0.258 + 0.144) mV,the encapsulation efficiency was (37.63 + 3.74)%,the drug loading was (2.46 =+
0.48)% ,the cumulative release rate within 24 h was (27.17 = 0.03)%,and the particle size after O d of storage at 4 C and
25 C was (20.78 %+ 0.63) nm. The analgesic rates in groups B, C,,C,,and C, were 42.41%, 18. 18%,48.50%, and 63.64%,
respectively. Compared with those in group A,the twisting frequency in groups B,C,,C,,and C, significantly reduced (P < 0.05),
and the levels of PGE, and ST / 5 — HT in groups B and C, significantly reduced (P < 0.05). Compared with those in group B,

the twisting frequency in groups C, and C, was comparable (P > 0.05),while the twisting frequency in group C, significantly
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reduced (P < 0.05),and the levels of PGE, and ST / 5 - HT in group C, were comparable (P > 0.05). Conclusion The

prepared THP nanoemulsion has a small particle size, uniform distribution, good sustained release effect, and stability at the low

temperature. It may exert analgesic effects by reducing PGE, and ST / 5 — HT levels.

Key words: tetrahydropalmatine ;nanoemulsion; Ly(3*) orthogonal test;process optimization;analgesic effect
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H AR 5E )32 2 A &R 2,2 (THP) iy ZE 15
FrP Y — o S s OIS A W e, B SRR R PO L
BRI BRI A 2 H R T D - 10) THP SR AR MR, KR
PESS , R &5 25 09 A= 9 R BEAS s, BT I DR 1
FRI 120 RS, B 548 THP 7E pH 1. 2 X IR IE W
K pH A3 0 2.5,6.8,7. 4,8. 0 BYBERREL 2% vhl i 4
il B2, 25 5 THP Y40 T i sl s IR 285 o CKs THP |
AETREN T B AR CTR 2N 1 € NSRS 7Y R Ry
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62

(a5 €10368921) , w4 - 80(fk2fali, #it 5
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BRIRIK 38 MR 1
2 HEEHER
2.1 WiEKBE
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R A, R A R R A, R AR BT A VR
0. 098 mg / mL FIFRME AT, 4 “CHRLEE T IRAF  HGE
i BE R B, T 200 ~ 800 nm I K [ N 4, LA
Ry 2SR I 45 5 THP 7F 282. 2 nm I KA e R i,
2 THP ARSI K ok 282. 2 nm.,
2.2 FEMKILFHE

AR T KGR mL I (2R LR R
ST AR ) R E R (e X - 100 0-5 - 80,
A% - 80) BhERMITE MR (1,2 - N B oK OB,
B2 mL BB IIGE B THP 5 10 F v 0, 1 e
10 min, B fH R IR &5 QR 37 °C %3 4 100 r/ min)
HRT 72 h, B0 (634 10 000 v/ min) 10 min, 0. 22 pum
L8 AR g 2, I 3 VRO i, SO A Y, i e
R R, T 282. 2 nm I KT I E RO EE o 45 5 THP 7R 1)
P I R 3 — 80 H YT A B BRAIG, A A T A K FL Y
Hil e TR 1,

x1 EPRZEZEAFAENREPHABRE (X +5,mg/mL)

Tab.1 Solubility of tetrahydropalmatine in different phase media
(X + s,mg / mL)

i R B # M BRE
i LB L 32.535+0.097 B -80  27.5950.085
HER LR 5.784£0.000 AH-80  7.696+0.043
kB 1.224+0.005 | ShA@ERA 1,0- 28 2.9500.002
REEEA WEEX-100 61.363£0.256 AARTE  9.894£0.02
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Tab.2 Screening results of blank nanoemulsion prescription

FE ol REERA BAEERA ML

| LEHLE WEEX-100 1,2-AZE  BEEY ARRE AEELL
) LBUE WHEEX-100 RAKLE BEEN AR AR AL
3 LHUE wE-80 1,2-A2E  BFEN ARt g AEEAL
4 LRLUE <HE-80 AKLE k&N AR AEEAL
5 mEMLE  WEAX-100 12-AZE A06ER BINEAEELL
6 ABCOE WEAX-100 AKLE aEREN BESE AEELL
7 HBLE 2E-80 1,2- A28 REEN AHRLE AEELL
§  WHELE kR -8 EKLE B RHntE AEELL

K LG B (K )BT - 3 B s i Lol 901,812,
7:3,6:4,5:5,4:6,3:7,2:8,1:9 (Il AH AR & F 1 1%
PEF (K 535000 1,2, 3) 37 ieE  IR 5105 K i
P, VSRR R AR AR Ak (9K LA Sy 78 355 385 A i
W), ERNR R AR SR R 1T N o B S R e e,
0 S IR B I AR IR A% R 22 4 HLHE B0 (PDT) L 4%
9:1,8:2,7:3 34t L ICIEIE g K 2L, AN Rl e A
12 F PDL, ANYGHE— 25 43 81 Fae i K R A 2R 100 M7
FE G AL S0 B oy & e il O = oAl R 45 R K (E
H1,2, 30 58 AL B A K, (H 153, 490K 3
DX ol TR W 4 /)N, BV A R T T R A S, A K L
B IR R AR E TR IR 1,

KA BT LU A < AR RE AR D7 #5 A Y B L, SR
ARSI A [R] K, (BT AN [R]0AH — Y5 A 2 1 336 24 550 o
i I B 25 98K FL A RL A S PDL. 45 3 R,

1.00 4 . . , o 1.00 . , . -0
0 0.25 0.5 0.75 1.00 0 0.250.50 0.75 1.00

ith it

A B

0 0.25 0.50
il
C
B.K =2:1

E1 REFEEFMBREEETESY /i / ket =T

AK, =1:1 C.K, = 3:1

AK, = 1:1 B.K, =21 CK,=3:1

Fig.1 Pseudo — ternary phase diagram of surfactant and co -

surfactant mixture / oil / water

K fE 811 A12: 1B, 25 A9k LA RAR 3K, il RE
HRE MR 2 KL 18 R 3, i A S TR A 3R i MR Y
FiiE oA 1:9FN 2: 8 Bof , K FLA AR 8/ ( < 100 nm) ,
AT RS R M e AR M X BB A A oK 3L, 10 Y b AR
IR A SR E R A B L 2: 8 B, S KR FLIY
PDIH/IN W A 3 — PR 4 R i LE ol 2: 8, 1
B 28 G K FLAL T3 R i R £ g ik - 80.1,2 - TN
B Bt oA 1:3: 1, BIVHAH 0. 5 g, SRIAEER 1.5 ¢,
RIS TER 0. 5 g PEILFE 3,
2.3 L,(3)EXRIELE THP HKFLTF

R 57K -« DL 3G 1 500 5 By 2 1 30 2 75 o
L (R ZR A) CRTEIEER 5B & L (R B) 4% 2y
T (HE C) W EEINZE, LA THP QUK FLA R AR 3 2 i
RV R AR, 2R FH Lo(3%) 1E 38 i i L1 THP 44 K FL Ak
T HZEEKF R4,

®3 K, BEAIRZTEAKRIMARZS Z5EIEH(PDI)

Tab.3 Particle size and polydispersity index (PDI) of blank nanoemulsion with a K, value of 3

£2(X £5,0m) PDI(X £5) ISP
RER

K =1:1 K =2:1 K =3:1 K =1:1 K, =2:1 K =3:1 K =1:1 K =21 K =3:1
159 17747« 1L11  116.90+1.56  35.27+8.01  0.142+0.029 0.201+0.009 0.321+0.080 EFHEFEW ZFHEFEN  REEFEY
2:8  269.87+3.59 129.73+1.70  73.50£0.29 0.101+0.018 0.133£0.010 0.167+0.011 &kFEFEN EAxEFEN  ZREFENR
3:7 0 301.27+0.83  200.37+1.23  148.07+0.26 0.034+0.015 0.088+0.024 0.121+0.006 %&FEFEN ExEFEN wFERFENR
4:6 311.40£2.76  221.5+1.04 162.83+0.45 0.143+0.008 0.032£0.022 0.120£0.007 fL&&ER LaEER LG EER
5:5 360.60+2.83 340.70£5.24  270.80£3.93 0.106+0.020 0.249£0.004 0.233+0.004 L& EER LaEER LaEiER
6:4 296.63+1.55 374.10£3.42  222.40£2.25 0.145+0.013 0.201£0.023 0.205+£0.007 SL&&ER LaEER LB EER
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Tab.4 Factors and and their levels

K BZEA H%B B % C(mg)
1 1 1 10

2 2 2 20

3 3 3 30

RIS 5255 th & S, ORAR R 845
I, 2% R R B B ALK 4158 AyByCys BLERZS & A
TRPRI , & PR i KGO ALBLCo o AR TR 321
B gt R, B2 B0 RAR TR 2 )52 e R I, W R LA
KA AR A AL A AsB3Cs, RITIHAR 2155 (3 - 80,
1,2 - N WM 5000 0.5,1.5,0. 5 g, THP 5 24 4
30 mg.

£S5 L(F)EXRBREITELER
Tab.5 Design and results of the L,(3%) orthogonal test

$/2(X +5,nm)

F%E  BEA BEB BAEC BHE (X +5,mg/g)

1 1 1 11.270 £ 0. 041
14.270 £ 0. 000
16. 860 + 0. 041
20. 550 £ 0. 029
21.990 + 0. 082
17.360 + 0. 092
16. 050 = 0. 097
20.970 0. 121
20. 840 + 0. 000

536.900 + 11. 440
361.300 +5. 813
81. 540 £ 12. 050
283.000 = 3. 807
90.620 +1.792
37.140£1.123
150.300 + 1. 514
148.100 + 2. 765
18. 840 £ 0. 2862

2
3
1
2
3
1
2

=T e T = O N S e
L L D R N — —
P I UC R G R UC R N

3 3 2
979.74 970.20 722.14
410.76 600.02 663. 14
317.24 137.52 322.46
326.58 323.40 240.71
136.92 200.01 221.05
105.75 45.84 107.49
220.83 277.56 133.22
42.40 47.87 49.60
59.90  57.23  55.66
57.86  55.06 54.90
1413 15.96 16.53
19.97 19.08 18.55
19.29 18.35 18.30
5.8 312 2.02

fie

=

=== A =

o

S

el
== x ==

Baltel

=

SRR 4 FIARILEE T 2014 3t THP 4K 2L, 45
HORIAR R (20. 02 + 0. 37)nm, #2514 (2. 38 + 0. 13)%.
2.4 THP @k H&

S BUMER TR 0.5 g FIHEIR — 80 1.5 g, Ki % K
e IR oy N A R A E L& I 1k 2 o W K A B
— VRN T,2 - IR0, 5 g B 4 h (19 51 R Bk
2 P EFLDE, FE0 30 mg THP ARE S, S HEAFE 1 h,
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290 (%533 25 10 000 1/ min) 20 min, 0. 22 pm fFL 7 i
PEit, A
2.5 THP #RIAREITEM

KitE PDI5 Zeta HLAVL : SR AR BE AR , 25
THP 4 K FLARAL M (20. 78 + 0. 63)nm, PDI 4 0. 276 +
0.011, Zeta L A7 A ( = 0.258 + 0. 144)mV . W] THP 4}
KFLRLAR BN, oA 4], SR TH A 3 AR
FETE

LR 525 BUTHP 98 K FLa &, i B s
L, RSN - Tt BRI AKX (DR
WER(EE) A (2) 1T 7 8255 (DL) ., Wy
RS T Yk FL P THP A9 5 &, W oA THP G 4% 25
I, W M BRAKE AR FLZS AR I T i o 245 L THP 94
KT AL B R N (37,63 + 3. 74)% , #2455 M (2. 46 +
0. 48)% , R H AR T Hh - 2 245 .

EE(%) =W g 1 W5 X 100% (1)

DL(%) = W s | (W ysp + Wy ) X 100% (2)

TR RE < #8522, 4 TR J5 vk il £ THP 40K 2., B
I mL, B354 1 000 (&4 F BN A E & 10 mL
pH 7. ABERREL 22 M Y 50 mL 2.0 P, B 1E IR 3 1
FEA (URLEE K 37 °C L5300 100 v/ min) SR, 70 91 T
0,0.5,1.0,2.0,6.0,8.0,12.0,24. 0 h i £ B 1 mL,
FEANFE 1 mL B A T, 4228 20 (3) T R BB iR
(Er) o 20H mgygp FZERZG 9K FLH THP (A5, Vo B
ARSI TR, VR RO BB B AR, € 5
LRIBCREBS B 25 0V B, C o 58 § R IBURE s () 25 vk B3
g WL UL IR 2, B THP 49 K 2L I R RO U

n-1
V.> €+ V,C, (3)
1
Er(%) = x 100%
Myp
RRBCR 1 %
48
424
361
304 27.170.03
21.98 +0.08
241 Sl
21.18 £0.01 24.09 +0.08
181
121
10. 86 = 0. 10
672.76 +0.27
3.35+0.42
T 1¢/h

00 05 10 20 60 80 12.0 240
B2 ZEHRZEMAIRRBRE

Fig.2 Cumulative release rate of tetrahydropalmatine nanoemulsion

BLOFRE M #2247 vA 45 THP 4K 3L, B
W, B EODE T, B0 (F% 3 10 000 ¢/ min) 30 min,
WL AN 235 S5 ML) 4 1) THP 90K LA I 43 2, F L
BFRE TR TR WL 3,
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B3 HARZEMRIABLOB(E)F(H)HN
Fig.3 The appearance of tetrahydropalmatine nanoemulsion

before (left) and after (right) centrifugation

fiff FE RS E P < 4% 2. 4 00T J7 ki % THP 40K 3L, 7
B 4,25,37 CHRAFT 00 T540,2,4,6,8,10,12,
14 K IF BRI HORE AR | D25 8¢ A A AR M o 5 SR NI
il £ 47 (49 THP 2K ZLICE T 4,25 CHBFRE  (HBEH
JHCE TR A SE A, HORL AR AT 3 R 3 1 WL 3R 6. THP 44
KHKLICE T 37 “CI, U S [) Y G LB (0 28 B, JF A7 kE
THER IS, JO L HERA I kLA, RS PR 4R 22 , il THP
PUKFUABEZE IR AH A
®6 EHRZEMHAABGEREERBHNEEEER (X +5,nm)
Tab. 6 Results of the storage stability test for particle size inves-

tigation of tetrahydropalmatine nanoemulsion (X + s,nm)

HKERH 4T 57T REXH 4 57T
0d 20.78+0.63  20.78+0.63 84 115.40+1.18 121.00+1.27
2d 605.45£1.93  72.90£0.12 10d  122.10£0.59  122.70£0.50
4d 93.21+1.23  100.30£2.19 | 12d  132.70£3.15 127.50+1.33
6d 105.40£2.82  110.20£2.61 14d 15420171 133.80£3.76

2.6 THP ZKRZAEBEIEREMN

S 3t 2 A PR . R FH Origin 2021 31038 35070k
DL (%) s AT PR R R DL X = s BoR A7 048
5P <0.05 WZEFAGIT¥E L.

Sy 2 5 R K 30 HU/INERBEAIL A R 2RI Ak 2
FIZH (A 20, 55 10 g R 0. 1 mLZE18/K) , THP KR &
WAL (B4, 40 mg/ kg) , THPYLKFUR b sisml il (C 4l
C2H .C341,4,8,16 mg/ kg) , £5 6 H 4541 /N BUH HL 4]
I, B HE B 2R BK SRR 259 1IR ST do R IR
B 458 60 min J& , B8 I T 0. 9% vKES R 175 = LA =
N7 R P I R A Jr R A v R A A AR A B

U O 10 SR TR S KBS 2 5 30 min PN /N BRUY 4L
PRUEL TR 3 B R (%) = (35 AP IHLRIR
B LSRR 1 (25 A4 R R ED) x
100% 25 R R, 5 A 4L, B4 .C 41 . G4l .C 4L/
BRI R B /b (P < 0.05) 5 5 B4L bR,
Cy 21 Co 4/ R HLAR R EA 25 (P > 0. 05) , Cy 4/ R
IR YR B 58 25080 (P < 0. 05) . 2 B B 75 THP 44K
LA i 2 0 A T 1 3 B0 /N B B R o TE L 7

x7T SHMREBUIRSHAYLRILE (n=6)
Tab.7 Comparison of analgesic and anti — inflammatory effects

in each group (n = 6)

Y HRAR KHAFAEX £ 5,ng/mL)

an Mg
Rk HE(R) B (%) PGE, ST/5-HT

A 22.00 0.52+0.08 222.94+27.13
B4 40mg/kg 1267 4.4 0.37£0.17 215.1527.60'
G4 4mglkg 18.00° 18.18
G4 8mg/kg  11.33 48.50
C,2 16mg/kg 8.00* 63.64  0.44+0.09° 162.20+92.37

EHA4RE,P < 0.05;5 B4ALE,'P < 0.05,

Note: Compared with those in group A,"P < 0.05;Compared with
those in group B,*P < 0.05.

PR BOCR MEE /N A AT 30 min J5 , fi BR IR
BRLORIM, B 1.5 mL B0, SERERE 4 h, 1000 g 25
A 20 min, BUALTE , -AF T - 80 °C. 2K F ELISA ¥ %€ ,
i 3 Logistic #5551 22 ] PGE, F1 ST/ 5 — HT By b o4 it &
(FE4) IR RRKF R ER, SAALE, B4,
CZH/NRII PGE,MIST /5 - HT /KR B EFHR(P < 0. 05) 5
5B A, C 40/ BUAY PGE, FIST / 5 — HT /K- #4741
M (P>0.05) .78 THP JRAE A THP 445 K FL ¥ 38 1 b
R PGE, FIST /5 — HT /K1 R AR AR W3R 7.

Y/
1.81 Logistic f 75
1.6 V=A,+ (A -A) 1 [1+ (X7 X))
1.4 A,=9.742 04 + 8. 596 23
4,=0.043 51 +0.035 85
1.21 X, =0.001 06 + 0. 002 43
1.0 p=0.539 06 = 0. 069 89
0.81 R2=0.999 88
0.6 1
0.4 4
0.2 4
0 r T T T X/ng-mL™!
0 0.5 1.0 1.5 2.0
A
Y EOLRE
1.6 Logistic £
V=A,+ (A =A) 111+ (X7 X,)r]
1. 44 A,=2.41979 +0.077 33
ey A,=0.176 75 + 0. 006 95
: X,=24.77046 +1.551 5
1.01 p=1.11095 + 0. 033 88
R2=0.999 95
0.81
0.67
0.41
0.21
T T T T T T X/ng-mL~!
0 200 400 600 800 1000
B
A.PGE, B.ST /5 - HT
El4  tRifEf 2
A.PGE, B.ST /5 - HT
Fig. 4 Standard curves
3 itie

THP i 57 WIS A= Il , A B A BS54, K 1R
5, FEZK LA, HIRAE )R LA i PR IS 52

65



HFIRE.
Pharmacy Articles

¥ &35 ¥

China Pharmaceuticals

202547 A 5 H % 34 555 13 4)
Vol. 34,No. 13, July 5,2025

B oK THP i AR FL , Al SRR AR, S v AR A H]
J& AEREE ARV 8 AR FLAY I A b, SRR I TR
A, K AKAH A8 T 33 AR -5 2 T MR | B T
RS FR T, BEAE AR FR A8 I, T8¢ BT & 4
F RV AR T FLIA R AR R A Ak s R S AR
FI MUK, W P2 B I sh Mg i o, B2 R
EFLE, A A R AR 5 )
PRINPTA v AR5 i 3 25 SRR \PDI Zeta HY

AL LB B2y RN AR RS R B, o

9 TPH 2K FLRPRIAR BN, 3 A 3 5] R REROCR R4

REBCAF AL BT 259 A7 T 4,25 “CIvRR e M R 47 (H=E

e BT IE o 1A A VAR o ASBIE 5 rhid s PP o L R

it TPH 0 K LA 2 PR 455 8 /) B e A B0 1 &

B, Hh LR THP KL AR N B FHAR RS, B8

RORW . B B 4 A4 25 25 70 et fie s L {H THP IR BB &

U YRR CRATY 55 T C 413X AT e B T THP 284K

FUELAR, Vi A i, HLLRIE 18 1 vh R PRGE I , i

PR RACR B  PGE, & 5 K AH G I S P IR 1, i TR

BT 1IN B Y R R 7K T L 155 R

5 — HTEAMNEM R G0 P s i e A 2238 5, FLIfL G 7K

— 5P S EARSC R AR S R R, THP 9K 7L

i REAK PGE, FIST / 5 — HT /K- 1M AR HUR AR

AHIEFE 4 1) THP PR FURAR RN, 3 A 145 5%

RERCR RAF , rIREE I AR PGE, MIST /5 — HT /K11 &

FERURAVE I ABAAEAEA 2 L a0 THP GKFLi 25 20 BREK

2, P ERN G, Je SR a2k AT 2 A A —

AP e B3 THP K SUAEAR IR A RS E TR (5

37 CURLE T HM R0, N AR AF 25, 125

SR FL AR T AR , LASE A e 1 s A 3B W AE 4

LKV Z2 S P R TP IR AT HTAIR AR

S 3k

[1] % mA . RRHRRAREE - BT EE P a0 E 8L 4 & 4
P4 APk FEE)] AF oA E,2021,30(10):27 - 32.

[2] B 2 REH, XK . R R RS ERFR
BR[J]. RA&F 9B 5 IF4,2018,30(11):2000 - 2008.

[3] XIA XH,HE JC,LIU B,et al. Targeting ERa degradation by L —
Tetrahydropalmatine provides a novel strategy for breast cancer
treatment[ J ]. Int J Biol Sci,2020,16(12):2192 - 2204.

[4] YIN XZ,ZHANG JX,ZHAO WJ, et al. Combined Levo — tetra-
hydropalmatine and diphenyleneiodonium chloride enhances
antitumor activity in hepatocellular carcinoma [J]. Pharmacol
Res,2022,179:106219.

[5] LIU YY, WANG TX,ZHOU JC, et al. Dopamine D, and D, re-
ceptors mediate analgesic and hypnotic effects of L — tetrahydro-
palmatine in a mouse neuropathic pain model[J]. Psychophar-
ma(:ology(Berl) ,2019,236(11):3169 — 3182.

[6] WANG Y, WANG RR, SUN W, et al. Analgesic effect of dl -

THP on inflammatory pain mediated by suppressing spinal

66

TRPV1 and P2X3 receptors in rats [J]. Front Biosci (Land-
markEd),2021,26(5):1 - 10.

[7] CUI HR, YANG XX, WANG ZD, et al. Tetrahydropalmatine
triggers angiogenesis via regulation of arginine biosynthesis[J].
Pharmacol Res,2021,163:105242.

(8] & M, EZEW,E K, F. LR FMIRKWEF Y
RIBAMR KA R)]. =M EFRFIR,2022,45(2)
144 - 150.

[9] X &4, 240 M F, 5. AL F a5 HEENR
AR [T]. g T42)5,2020,34(3):57 - 60.

[10] FAE, § 23, 24,5 . £PRCEHRBLGHAL

Bl R -k i B A A R E R e R & R s AT )],
T 3 25,2022,53(14) :4307 - 4316.

[11] DU QY, MENG XL, WANG SH. A comprehensive review on
the chemical properties, plant sources, pharmacological activi-
ties, pharmacokinetic and toxicological characteristics of tetra-
hydropalmatine [J]. Frontiers in Pharmacology, 2022, 13:
890078.

[12] 3] 2,08 308 088, 5 . 83k TERILBR A KAz 4
HRAILWALHFHRI] FR25,2021,43(3):579 - 584.

[13] #F &, Ewess, KER. LRECFERBRAMERES
BAH AR LR P EERSF 5 E,2019,39(21):
2134 - 2140.

[14] 364545, 38 A, FHmak, 5 . LB BHAALAL E
Rk & 5N FEES LA E, 2016,
47(9):1151 - 1157.

(151 A& 5 HER REK,F . ENETEL - T RIS
&y Q84T AR F #25,2018,49(15):3609 - 3618.

[16] & EAL, o3, W £4&, 5 | MAA RATE &5 & 3L 4
FLEMARRERN )] v A X F FR,2020,37(3):
202 - 209.

[17] TUNG N T,TRAN CS,PHAM TM, et al. Development of solid-
ified self — microemulsifying drug delivery systems containing
L - tetrahydropalmatine: design of experiment approach and
bioavailability comparison[]] . Int ] Pharm,2018,537(1/2):
9-21.

[18] MUSHTAQ A, WANI SM, MALIK AR. Recent insights into
nanoemulsions: Their preparation, properties and applica -
tions[J ]. Food ChemX,2023, 18:100684.

[19] KOMAIKO JS, MCCLWMENTS DJ. Formation of food — grade
nanoemulsions using low — energy preparation methods: A
review of available methods [J]. Compr Rev Food Sci Food
Saf,2016,15(2):331 - 352.

[20] LI YR, ZHANG T, HUAI JX, et al. Pharmacokinetic study of
three different formulations of L — tetrahydropalmatine in brain
tissues of rats| J |. Biomedical Chromatogr,2021 ,35(5) :e5066.

[21] ZHU Y, XU W,ZHANG JJ, et al. Self — microemulsifying drug
delivery system for improved oral delivery of limonene : prepa-
ration, characterization, in vitro and in vivo Evaluation [J].
AAPS Pharma Sci Tech,2019,20(4):1 - 11.

[22] WANG LZ, YAN WR, TIAN YR, et al. Self - microemulsify-

ing drug delivery system of phillygenin: formulation develop-



