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Abstract: Objective To investigate the effects of ig administration and ip injection on the pharmacokinetic behavior and tissue
distribution of tetrahydropalmatine (THP) in neuropathic pain model rats, and to evaluate the analgesic effects of the two administration
routes against acute thermal pain in mice using the hot-plate test. Methods A rapid and sensitive high-performance liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method was established for determining THP concentrations in the plasma
and tissues (including heart, liver, brain, lung, kidney) of neuropathic pain model rats. The pharmacokinetic parameters were fitted
using the non-compartmental model with WinNonlin 7.0 software, and the distribution of THP in various rat tissues at different time
points was investigated. Furthermore, the analgesic effects of THP via ig and ip routes in mice were explored, using the licking latency
induced by warm thermal stimulation as the evaluation index. Results A quantitative method for determining THP was successfully
established. The methodological validation results showed a good linear relationship (» = 0.999 3) between 0.5—1 250.0 ng/mL, the
precision, accuracy and matrix effects all met the requirements of biological analysis. Pharmacokinetic results showed that compared
with ig administration, ip administration led to faster absorption and higher bioavailability. The time to peak concentration (fmax) for
the low-dose ip administration group (0.21 £ 0.08) h was comparable to that of ig administration group (0.25 + 0.00) h, but its area
under the plasma concentration-time curve (AUCo—) was significantly higher than that of ig administration group at 4 mg/kg dose.
Regarding tissue distribution, THP was widely distributed in major rat tissues. At multiple time points, concentrations in the liver,
kidney and other tissues, as well as plasma, were higher in ip administration group than in ig administration group. The liver and kidney
were identified as the primary drug accumulation organs, and the brain tissue also showed relatively high exposure. Pharmacodynamics
results indicated that both ig and ip administration significantly prolonged the licking latency in mice induced by warm thermal
stimulation, with the ip administration group showing the best analgesic effect. Conclusion Compared to ig administration, ip
administration offers advantages including faster absorption, higher bioavailability and more rapid tissue distribution. Both ig and ip
administration routes exhibit significant analgesic effects, with ip administration showing the best efficacy. This verifies the consistency
between pharmacodynamics and pharmacokinetics.

Key words: tetrahydropalmatine; ip administration; ig administration; pharmacokinetic behavior; tissue distribution; analgesic
effect
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UFIRE R R, SMEREIETTREN y=0.081 74 x+
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3.1.2 EERE. WAL RN E AR Wik
2. 3 fior, MR IERAER L& 7E LQC. MQC. HQC
KPR BIHERSEE A 100.67%~106.30%, FIk A AS 25 i
N 2.87%~9.80%, LG EA 4.11%~8.67%,

AR — AL 38 5 DR PN 92.94%~95.41%,
RSD<6.76%. ZHZISIHH 3 NiEFE IR E T 1)
HETRIE N 96.59%~103.38%, A5 N 2.45%~
8.76%, WHRYA— AL 2L 5T PR 1~ 3{E 5 100.61%~
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Table 2 Accuracy, precision and matrix effect investigation results of tetrahydropalmatine in plasma of rats (n = 6)

Sk B BE 0 5 29 0
BRI (g mL) L % = :j HERSD/ ﬁtrm - {fﬁ RS/ %
0.50 99.19 7.09 5.07 — —
1.25 100.67 9.80 6.48 93.58 6.76
37.50 106.30 6.71 8.67 95.41 5.08
937.50 101.17 2.87 4.11 92.94 3.77

®3 ARAAORTERRZENERE. BEESERYELERER (n=06)

Table 3 Accuracy, precision and matrix effect investigation results of tetrahydropalmatine in tissue homogenate of rats (» = 6)

a1 R B (g mL ) 1% FEHIERSDI% e Gl

¥ RSD

lizs LLOQ 99.47 7.26 — —
LQC 100.45 424 109.25 3.96

MQC 103.38 5.96 104.73 428
HQC 97.18 6.20 104.66 7.64

i LLOQ 95.87 6.04 — —
LQC 96.59 8.76 101.73 3.24

MQC 98.93 6.68 104.74 6.10

HQC 101.40 434 102.33 4.69

Jii LLOQ 94.33 3.40 — —
LQC 97.81 4.97 103.96 8.21

MQC 100.71 8.52 105.56 4.41
HQC 103.23 245 100.61 4.94

313 MRS GEAE R X T A Y )
KRR AT AN S, MM 10 1
Je e 25 WA IR B S Bl SERiE
WM ELIUHERAE N 102.03%, FEHEEEN 2.89%.
TR RIMIEFE AT RS T, SRR
J 25 SR e 0% A LR L i 23 Rl ) 25 R
3.14 RROEMFRAR EHEHEIMK (BUFHLAS
W) TR EEERTE LQC. HQC /K VAN B %11
THIRENE, SR K 4. P FIRE 4h.—20 C

RAE 35d. VRAMEIR 3 IRFRGE, ALBRJS S EEAE SR
6 CJHE 48 h#asE, HERAFEN 93.77%~110.84%,
1% <8.38%.
32 HHEMRER

MR KR g ip M iv R LEKE
P I 2% R P -t TR B . RPN 25 3h 24T N S 4
STAEYIRIFHEE . il 1 FIER S Bis, KRR ig 4.
20 mg/kg EHHRLEIG, Cmax 770N (364.11 £
125.95). (896.43+97.88) ng/mL, AUC,- 47l A
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Table 4 Stability investigation results of tetrahydropalmatine in plasma and liver tissue homogenate of rats under different

conditions (n = 3)

S BER LQC HQC
HERE /% 555 FERSD/% HERAE /% K5 % FFRSD/%
ERMES h m3 101.64 7.83 103.04 3.60
JiARAEEN 101.25 3.30 98.68 1.44
—20 CIHAF35d m3 109.02 7.04 102.02 4.26
JiARAEEN 98.92 7.59 101.04 5.81
VRRIIEER3 IR ik 110.84 8.38 93.77 2.06
JiARAEEN 99.23 5.01 106.90 1.57
HEREE%6 CHEA48 h il 99,51 8.23 103.02 224
IEEEN 103.67 4.41 98.80 6.80
A B
2000 —— ig 5324 4 mg-kg™! 10 000.0 —— ig 4% 4 mgkg
= ig %475 20 mg-kg™! -=— ig %% 20 mg-kg!
- —a— ip 457 4 mg-kg! _1000.0 i %P 4575 4 mg-kg!
T, 1500 - ip £ 20 mg-kg™! T - ip 452 20 mg-kg™!
é‘) —— iv 457§ 4 mg-kg™! ;D 100.0- —— iv 4525 4 mg-kg!
B =
¥ § 10.0-
- = 1.0
-| 0.1 T T T T 1
25 0 5 10 15 20 25

A-FIJZR LT T 12 BRI 2R FE-I) ] B h 22

A-mean drug concentration-time curve; B-semi-logarithmic curve of mean drug concentration versus time.

1 KR ig. ip 5 iv @AMEHERARZRZMAITHL (Xts,n=5)

Fig.1 Plasma concentration-time curves of tetrahydropalmatine in rats after intragastric administration, intraperitoneal

injection and intravenous injection (X £ s, n =5)

x5 KRig. ip5iv AANETEAHFSHELR (X£s5,n=5)

Table 5 Comparison of main pharmacokinetic parameters in rats after intragastric administration, intraperitoneal injection

and intravenous injection (X £s,n=5)

2% 2 fir ig?h 24 ipZh % iveh 2
4 mg-kg! 20 mg-kg™! 4 mg-kg! 20 mg-kg™! 4 mg-kg™!

Cmax ng-mL™! 364.11+125.95 896.431+97.88 541.49+123.85 1679.98+312.83 800.85+118.94
fmax h 0.25+0.00 0.25£0.00 0.21£0.08 0.27+0.17 —
AUCo~; ng-hrmL™!  59334%£192.01 3760.89%£928.62 1037.66x174.44 5382.75+£819.63 1089.36%£201.74
Va L-kg™! 42.15+12.65 33.76£7.69 23.68+9.43 20.49+5.77 20.93+1.61
CL L-kg-h™! 7.35+2.56 5.42+1.16 3.84+0.61 3.73£0.61 3.73£0.62
/2 h 4.04+0.49 4.311+0.14 4.33+1.87 3.92+1.49 3.95+0.52
F % 54.47 69.05 95.25 98.82 —

(593.34+192.01). (3760.891+928.62) ng'h/mL, Cux
e AUC,- BE B I INTI 4 In . ig 45 25)5 0.083 3 h IfiL
IR E RN IR FE ) 80%, fmax N 0.25 h, IR ig
B E TR LR WIORIE, MRS ZAHET, it
S IR0 FE R FH B 54.47%

KREHK ip 4. 20 mg/kg IEHR L ZE G, Crax

439 (541.494123.85).(1679.98+312.83 )ng/mL,
AUCo—, 435~ (1 037.66+174.44). (5 38275+
819.63) ng-/mL, fmax 734 (0.21£0.08). (0.27+
0.17) h, MHFRILAFIET, THEHLX EYFHE
N 9525%. KW ip 45255 ig (2L, IR
TEHAR CFRAE R RAR A IRISCRGE A= W0H] FH B2 e )
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BNEAT N, ip 4R 25 IRE I N e 4 HLkE 4 7 50
53 B L RN

KEREIX iv 4 mg/kg IEHR L EG, CL N
(3.73£0.62) L-kg/h, &KL & (3.30 L-kg/h)
) 1.1 509200, 4,24 (3.9540.52) h, $ERIEIHZ
LHFEAERBRENRIHPEBRER, H Vel
(20.93+1.61) L/kg, &KREEAEEK (0.67 Lkg) 1)
31 50, MZREE 452 )5 24 h &% 1.47 ng/mL,
PEORIEM R CEAFAE) I ML AR R B
33 HANHIARER

K ig F ip 4 mg/kg ZEPAR LK 5, 0.083 3.
0.25. 2. 6h FHLAPEHRLHEGTENE 2. 4R
IR, T IR] AR PR FE B A K 24 3 5 45 A
i, BHLES )G 0.083 3~0.25 h kg, #

1 4004
12004 ]

a i

2 1000

on

2

2 8004

=

=

£ 6004

on

&

2

X 4001

e

2001

LSS RRRARRANAY
AR

HIEPA R SR AR, B IEHTHER, 45245)5 6h
HLPHEHR O R S EERIEER 10%LLF, 5
MR ERES —3, TTHRHLAER GBS it
12 Je #- A IESAZR R AT FEFER) AUCo-6 1 EE
WL 3. ERER, MR OEREHD AR
2, A HL AR B E 259 ig 42
A REEHF A QM) >, B (1.7
) >Hl. >0, B (90%IM%), ip 42
FHL P R E AT VM (1.8 5 1) > (1.6
fEIR) > (14 f5M2 >t (1.2 5K >
M3 >0 M (90%IM %) . EHLNAEE -, 2
Phen 25T AE R E R, BESMEE L, ip 452
AR ig SrZi4L. 2 PRI A AE NN 4 e )
i, XATAE S AR ERIE A S,

ig 475 0.0833 h
Cig4#025h
Cig4h#2h
Nig4%i6h
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Fig. 2 Comparison of tetrahydropalmatine distribution in various tissues at different time points after intragastric and

intraperitoneal administration in rats (X £ s, n =15)
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Fig.3 Comparison of extent of tetrahydropalmatine distribution in various tissues at different time points after intragastric

and intraperitoneal administration in rats (n = 5)
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3.4 PRBASUEEBHNITNER

TE W2 £ FNF B AR e 1R BRI 24 30 S8
WARINER 6 o, SxAE, 2 Mandiigit
g 52 T B 5 N 1) A 22 2 S /D B R AL S L
FITEARI, $EoR3E AR 43K BA WIHA 1 Sk Rl i
JEIHIER . WEZHEIERE, ip 4425 R

Nk AR ig thzhdH. 7E ip AZhd, 4. 20
mg/kg MR LRE )G 0.5, 1.0 h BRI B3
EERIER (P<<0.05); fE ig £5254HH, 4 mg/kg &
R CESZ)E 2 h RIUHEEBENERER (P<
0.05), 20mg/kg LR LKLY )GE 1h RIH B
MIERIER (P<<0.05), £ ip AR R,

#6 HHPEZEU4 20mg/kg FIB ig 5 ip BF/NRERBIEANLR (X+s,n=10)
Table 6 Comparison of analgesic effects of tetrahydropalmatine at 4, 20 mg/kg doses in mice after ig and ip (X £ s, n =10)

25245 ) AN TR 18] 75 2 7 AR 3 /s

2 53] 7 &/ (mg-kg™) FERHRI{E /s osh oL ok o
oyl — 18.38+2.76 20.28+1.47 18.25+4.09 17.67+£2.65 20.83+7.37
igth?h 4 19.78 £1.59 21.71+6.71 21.8947.88 22.92+7.94 20.15+4.14
20 17.5842.83 19.134+438 22.16+5.39" 20.39+6.77 21.3245.10
iph?h 4 18.46+3.25 23.20+7.44* 24474717 18.25+2.59 21244548
20 16.2743.09 22.16+4.43" 24.98+8.38" 19.61+3.28 20.1147.17

Ex AL E: "P<<0.05,
“P < 0.05 vs control group.

4 g
AMARARLGLET ig 5 ip 2 FhA 25851 T
BAER CRAEPR G BRI A ALK B N 28 54T
LV ARFE IR, R4 & /N R AREIRAIE T 3
Xof P RSO 1 B AR S 45 SRR ip A2 MK
T ig 45 24 BA SE PR AR SR FE L B v A AR FE R
SRR RTR IS AT, 20 N S 25 8 R J K
TR R, WNABIEERRE, ig HATE
4 mg/kg & N X AR AN 54.47%, 7R
AR R E BN, X 5EHR CREFEHE
Y55 P450 (cytochrome P450, CYP450) M5
I AR 0% T ip 25 Z57EAH [R5 R 4axt A= 4 )
PSR 2 95.25% LA 1, F 80I0kE T B it WU o
e J B 43 I 1 ek AR, [RIE iv 45 25 45 R OR B )
ROFIERRL NI MR 1.1 5. R A 25
PRI 31 A, FBHHIE BRI AT HL2H
BRI Z . O R TRENR LRGN HIT %
R FIEH KRS ig AR MIERNIERE, 2R R
G TE T AERHER £ R AT A B AR AL K R A 4 ip
UGB ES B R AFE . fEZRETT
T, ip 22451 I 24 5 Fa /K B iy, 75/ BRI L S
6% HH R I B R 7 ARk ) AR B SR (BRI KON, 56
IE T A4S B EACPR—80E:, 5 2 B 25iaay
K I RAN AR, AT BRI AR
PO N R R U =R N TS N
TEAE—E JR IR 2530 2% R F ph 22 95 B AR K
B, T 280 R /N BRAASOE Y, iR S B

A —EUBRE T 2580/ 25 8)) 25 B A W () B ek
AR FE R SR T AR i E R HR B0 AIE 7 = 4R
PR s HEV o ARSI SR JE 245 1 oA o B AR 7=
W5 255005 AR AT ARG B K R P BRI U A
., PA LT Ja et 7E rh it — 2 53k
Zib, AR RGHE T ig 5 ip 2 Fieh s
2R 2B FR £ FAE AP B AR R K R N I 24
AT NG H L ARE ;s FIR, SR/ R
P T 2 Fheh 2Rt S RRIBOR I BUR AR
I 2 ST IR AIE LC-MS/MS kil 772, E BT T
FEHR LRI MIE e Z AR F IR, ZR B
TN, ip SR ig 4 2 B T AT IR AT B AN B R )
VR, HHAZ A RGE, JCHER. 5
ERERAYBREETE. ARERsE R,
2 Fheh i 1235 B8 0 3 LK AR T 850 SRR 2 T AR
W, HAMWmEURER, Hrbip S2iEscitk, 7k
FASEGR, BOAE T 245305 B 5 2550 2 B B K P 1) —
k. AN R O RMIRIRA B FIER S
FIERACTRAE T B 253 5 5 25K
FBFR FAVEYFRRGEA TR

SE R
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