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Preparation and pharmacokinetics of tetrahydropalmatine phospholipid
complex, and its solid dispersion, oil preparation and nanosuspension
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Abstract: Objective To prepare tetrahydropalmatine phospholipids complex (THP-PC), THP-PC solid dispersion (THP-PC-SD),
THP-PC oil preparation (THP-PC-OP), and tetrahydropalmatine phospholipids complex nanosuspensions (THP-PC-NPs), and then
compare their pharmacokinetics behavior in SD rats. Methods THP-PC and THP-PC-SD were prepared by solvent volatilization.
X-ray power diffraction (XRPD) was employed to study the presence of THP. THP-PC-NPs were prepared by high pressure
homogenization method, particle size and { potential were also determined. Dissolution in vitro of THP-PC, THP-PC-SD and
THP-PC-NPs were compared to THP suspension. SD rats in each group were administered intragastrically with THP, THP-PC,
THP-PC-SD, THP-PC-OP and THP-PC-NPs, respectively. Plasma concentration of THP was determined by HPLC, and the main
pharmacokinetic parameters were calculated. Results The results of XRPD indicated that THP was changed into an amorphous
state in THP-PC and THP-PC-SD. Particle size and { potential of THP-PC-NPs were (184.57 + 10.41) nm and (—31.26 + 1.93) mV,
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respectively. The dissolution of THP was improved by THP-PC, THP-PC-SD and THP-PC-NPs in different degrees. Compared with
raw medicine, relative bioavailability of THP-PC was increased to 1.70 times. The relative bioavailability of THP-PC-SD,
THP-PC-OP and THP-PC-NPs were enhanced to 4.11, 4.86 and 4.22 times, respectively. Conlusion THP-PC-SD, THP-PC-OP and
THP-PC-NPs could enhance the oral bioavailability of THP-PC in further.

Key words: tetrahydropalmatine; phospholipids complex; solid dispersion; oil preparation; nanosuspensions; dissolution rate;

bioavailability; pharmacokinetics; solvent volatilization; X-ray power diffraction; high pressure homogenization

JEEHZR 23K (tetrahydropalmatine, THP) &—
PRI, NARAE ST, FEMNEERIERER
HEWIEEH R Corydalis yanhusuo W. T. Wang [¥]T-J5
PR R 202, fERER T THERINL P L.
Wy, THP BAAHEE. #UF. brollskiL. 4t
JHRE . BURE . A E R W PULERE . L
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BU& (solid dispersion, SD )17 #l]5f] Coil preparation,
OP) 7E & FUHI ) A i) £ 28] B n] 58, SO
TIE R CRBIRE 5 (THP-PC) #E— 541 %
BCE B 2R & & W R B A W B 4K 7y #0448 (THP-PC-
SD) -20IMEHZR 4 =BG & &Yl (THP-
PC-OP). 4KiE#& 7 (nanosuspensions, NPs) 7E
grRHIF PR RS, L Z2AERE R, B DAARHT
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THP JFRI25, #it5 20180915, JFi &34 97.6%,
PO 25 g AR R A IR AR s THP XfHEM, #ts
110726-201812, J5i 5441 99.8%, i [E € il 2y ik
SEMT TR TR LIFIEs el K30 (PVP K300, fib's
201748T234, {#[E BASF A F]; A S L0080 IR
fIt5 MUST-18252556, JiE /44 98.7%, H#l2H
FREVIRE A RA R KGR, B5 PCIST, it
520191125, RGO AR A F] s DU,
fikal, {5 59162526, Merck A,

SD K, JEH, W H A s,
YFA[iFR 5 SCXK-2016-0001, SZI& =4 75: 2 AR5
A (2201200 g, HHATHENYSLIRATEAR 12 h,
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2 FAEEHR

2.1 HPLC:ENZE THP 2=

2.1.1 ARG PRI THP XS/ i 20 mg
BT 50mL &JiH, MAREEEEFFCR, B
3 THP X B A4 (400 pg/mL).

2.1.2 S H 2 U THP. THP-PC. THP-
PC-SD.THP-PC-OP }; THP-PC-NPs ¥} A& & ( THP
EHEHLNS mg), BT 100 mL =i+, A
50 mL HEEE A, MEZEREFEER, o
0.45 pum FUFLIEME, K52 1 mL & 10 mL &,
B E B B I TR

213 ik %M AN Waters-Cis £ (250
mmX4.6 mm, 5pm); A 30 C; HshtiAH
W5-0.3%B5 B2 /K T (45 & 55); ¥l K4 281 nm;
R EN 1.0 mL/min; #EFEE 10 pL. HUBE/G.
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Fig. 1 HPLC spectrum of blank excipients (A), THP
reference substance (B), THP-PC (C), THP-PC-SD (D),
THP-PC-OP (E) and THP-PC-NPs (F) sample solution

2.1.4 MK ARFLE L THP MM MEE, KR
SAHBCHIER 202 102 1. 0.5, 0.1, 0.05 pg/mL
THP XF RSV, 3 AdERE . DL THP SR (O
HIEMR (V) fEZMREIE5 77/ Y=24.155 2 X—
0.746 9, r=0.999 7, Z5HFKH THP f£ 0.05~20
pg/mL ZRPEK R R,

o4

2.1.5 FEEEEE AR S SIET, o
HELEHERE 6 YR, 1HE THP W& AA RSD. 4555
7K, THP-PC. THP-PC-SD. THP-PC-OP. THP-PC-
NPs 1) THP W& RSD 4378 0.46%+0.92%-
0.73%- 0.58%, PrLAKS#E R AT,
2.1.6 FEEEE SRR AR, 0l
T 0. 3. 6. 9. 12. 18, 24 h ##E, HPLC I5E.
48R, THP-PC. THP-PC-SD. THP-PC-OP.
THP-PC-NPs H ] THP W& A ) RSD 43 5 A
1.43%. 0.90%-. 1.13%-. 1.29%, &R FE 0 ZAR 50
WIRAE 24 h WARE PE R I .
2.1.7 EEMER &G, SAPPATHE 6
Pl R, HPLC i€ . 45K 7R, THP-PC.
THP-PC-SD. THP-PC-OP. THP-PC-NPs #[f] THP
W& T AR RSD 23598 1.15%41.39%+1.64%+1.87%,
SERKHZEEE R
2.1.8 INFEEIEREELE  ISMFEME R (THP &
HEHZIN2.5mg), 75 ET 94 100 mL EfH,
& . w3, AR THP & & 50%.
100%- 150%1] THP X B3, IO 50 mL H B
FEFE AR, 1 0.45 pm TUALIEME, FEEEI 1 mL
& 10mL i, MsHES . THP-PC. THP-PC-
SD. THP-PC-OP }¢ THP-PC-NPs [El3E#1E, 235
BEFEIE THP & &2 IFTH R IR RS, g5 R EoR,
THP- PC. THP-PC-SD. THP-PC-OP. THP-PC-NPs
{3735 [T USCZEAE 43 TN 99.04% 99.97% -+ 100.89%
101.53%, RSD 43514 1.74%0.85%+ 1.18%- 1.60%,
G4 SR B AR S50 U R AL 1 o
22 EEFRNE

0 70 mg f¥) THP Fi& R W AR E T =Mk,
TN VUSRI 40 mL FVRER, TR E KSR
WG 4 — B I (R 205 .45 C U HEZE 10 min
BEANAER, RIfS THP-PC, ZE AWV ANWIEE
FMARYI . THP ANV Tk, {2 THP-PC £
kR 5. FREL THP (Xo) #ill4 THP-PC, fIA
FHEEEE S 20 s AR, 3T 0.22 pum FORFLIEERR %
WEES ) THP, I8 BEZ% bk 2 A ik, in N H B 7
20 s iR, EFENEZIME SR THP & (X)),
TH5 THP SR E &%,

EE5F=X/Xo
2.3 Box-Behnken MR EEM L THP-PC AL TZE
231 KB REER R THP 5B ENES
E (Y) fE8 THP-PC [MMAbdebs. A7
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SRR, Ml e THP F &N 70 mg B, @ A5 A
& (XD IR EE (X)) Fi 2% i 8] (X3) %t THP-PC
R AR, K Box-Behnken M N [ 725
WA FHEVEEA 100~200 mg, HIFEEN 25~
65 C, HI#mHA Ny 3~6 h #1704, SEEKF
R 1. WIEAFREHEH S ARG T TE T
THP-PC, FFranllllE R &%, iR NE 1.

23.2  ZRZ IR RI S K BT X
Box-Behnken Wi [HERIFZE (Xiv Xov X3) Al
AR (V) MEEDS, B vy —kExh
A FEN Y=98.1848.08 X;+11.04 X,—1.19 X5+
2.13 X1 Xh—1.48 X\ X3—0.35 XoX3—9.37 X12—16.39
X2—0.09 X2, #A P {E<<0.000 1, HRERE R*=
0.999 4, KIIERE Ru?=0.998 7, KAE F=
0.205 8>0.05, ULHHMTSHIE AR SUEGEYEE

B, AREEZ BRI, R g 3 P A A
A5 R, W HT THP-PC &5 TEM7. 5
T Xis Xo REVAOHE AN EOR, SEMFERE I &
T X5 HEMERILE 2, Xiv X X5 XiXo.
XiXae X2 X2 R 2R (P<0.01).

233 ANIEER . PN SSUE =4 i
2, i A I TRIAN AR, i 1) % TP P e A Bl
MHEMR, EERYFIGRIE TR [ E &R
FEAAST, [t A i 3 0 52 & S S s s
R AR R T ) A I TR0 G SR R
li] 7 e i FH S AN AR IS, e ) % R RS (R I I 2 G
St hngE FRE,  ILREMREEE R T A% B[R]
HEENEW, REEGRR/MEN 559%, wK
1N 100%, 155 fEAN 7 T2 N fs F & X1=160.09
mg, HlEIE Xa=48.47 C, kA X3=3.57 h,

1 Box-Behnken IR ITERKFERLER n=3)
Table 1 Factor levels and results for Box-Behnken experimental design (n = 3)

RS  Ximg X/C  Xh V% | RES Xumg X/C Xshh Y% | RS Ximg X/C Xshh Y%
1 150 (0) 45(0) 4.5(0) 987 7 150 45 45 982 13 200 65 45 932
2 150 25(-1) 3(-1) 713 8 150 65 3 94.3 14 200 25 45 671
3 150 25 6(+1) 698 9 100 45 3 80.1 15 150 65 6 91.4
4 100 (-1) 65(+1) 4.5 73.5 10 150 45 45 979 16 150 45 45 977
5 200 (+1) 45 6 94.4 11 100 45 6 80.5 17 150 45 45 984
6 200 45 3 99.9 12 100 25 45 559

=2 HENW
Table 2 Analysis variance

KR OCFAEM BHE A Fii PiA KIE PHA BHEE B F1E P

AR 3117.33 9 34637 1369.44 <<0.0001 | X2 369.28 1 369.28 1460.00 <<0.000 1

Xi 521.64 1 521.64 206242 <<0.0001 | X>2 131.08 1 131.08 447194 <<0.000 1

X 974.61 1 974.61 385331 <<0.0001 | X3 0.034 1 0.034 0.13 0.724 3

X3 11.28 1 11.28 44.60 0.0003 | %% 1.77 7 0.25

XXz 18.06 1 18.06 71.41  <0.000 1 | &% 1.14 3 0.38 2.43 0.205 8

X1X3 8.70 1 8.70 34.41 0.000 6 | &lifmz 0.63 4 0.16

XoX; 0.49 1 0.49 1.94 02066 | MEZE  3119.10 16
1037 102 .
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7 4
ittt
7y Ll R

i

175

B2 3DMEmEE
Fig. 2 Response surface plot of 3D



FED 20226F7H $53% B 148 Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 14

#4311«

T B &% N 101.85%. N{ETH#AE, THP-PC &
AT R #E N X1=160 mg, X,=48.5 'C, X3=3.5 h.
AT T2, “FATHI#% 3 4y THP-PC, MR E &
FHIN 99.52%. 99.71%F1 99.38%, HAFRIEA
L 100%.
2.4 HTP-PC &E Sk

X B ARATHE (XRPD) %} THP-PC #EfT
s T . TN 8°/min, TG (20) Jy 3o~
45°, Cu-Ka 8. HU THP JERIZ45. ffle. THP-PC
KRS (el THP-PC, {UERIIRE) &
B2E T U, B R, BT X HEmn
RATHACGHATHH, W 3. THP 7F 6.3°.7.4°.10.9°,
11.5°, 12.1°, 16.9°. 18.0°, 18.7°. 20.2°. 20.9°.
24.1°, 25.3°, 29.7°J% 42.7°%5 4k HEIAR Z AL B
U, SRR . CEPER S A UL THP (1)
FROE SR R0, SRPEEE T R, (H&UERALE R KA
{EATAR A, 1B IR G R 0% THP IAATEIRAS
{HYE THP-PC ) XRPD KlifiH, KW THP {2
U, YRRAAAE SR A T oA, AR IR TE e TR
WERH T THP-PC 1] % 3

YIRS

iAE

THP

0 10 20 30 40 50
20/(°)

[E 3 THP-PC #J XRPD %R
Fig. 3 XRPD results of THP-PC

2.5 RIBKDEEREE (P BINE

Sr L pH 1.0 pH 2.5 pH 3.6, pH 4.5, pH
5.8. pH 6.8. pH 7.4. pH 8.0 /KAWL, IAIE
SEREHHATHA., 2 BIBGE & THP. YEEEY) (b
%[5 THP-PC) 1 THP-PC Jin A\ B A5 (A H pH
ERKEHE Y, T 37 CIRGHATRES 3d, BEZ
TR, I 0.45 pm TRALIEMR, HUSRIEMOHFE I &
WIE Cro FEEEI 1 mL B TR O0ES, AT
8 4, A AN EANF] pH AE F K I v A I () 1E S
B¢ 5 mL, T 37 CHkEzat iR 3 do BN EKH
i 045 pum TALIERE, WARHKE C. tHH P, P=

(C1—Co)/Cyy FUHH 1gPo Z R UL 4. THP £EANFH]
pH{E ¥ 1gP ARALBUR, FERRVE 264 T K IR R,
EAERE 261 T RRIA TR RGR, KV TEBUIR I I K
BIAHIT- 2 i 2], 1] 4% B THP-PC J5 4 &%
ST T THP (IR K e 2 50, A+ 259 18 fiE
WAL o TIPIBER A 0% THP /K 7 it R ECH — € %
Wiy, fHJE S E LR .

—— PIERIEAY

—&— THP-PC
—&— THP

pHﬁ

4 RIHKDERBER n=3)
Fig. 4 Results of apparent oil/water partition coefficient
(n=3)

2.6 THP-PC-SD HU#l& K RAE

BEIE R A MAFE AL, F, AEARH
3 A iR NS o< NP 7 A 11| N
THP-PC i % i THP-PC-SD. f#E &L 1:6, 4
5/EX THP-PC 1 PVP K30, & T /K ZEEH, 45 C
A NREIITFE 3 h BIEIEG, 45 C N BUREZ
brEANUAER, BP1S THP-PC-SD #iK.
2.6.1 AT BUEE THP. PVP K30. #)HLRE
&%) (THP. f§HEF1 PVP K30 LL#i[5 THP-PC-SD,
AR 4D A1 THP-PC-SD, #%ME “2.4” WK
A4 XRPD 4, 4R IE S, EWEIE S
HRATY AT L THP JEORFZ57E 10.9°, 11.5°, 12.1°, 16.9°,

| THP-PC-SD
!

YRS

PVP K30

VA

0 10 20 30 40 50
200(°)

5 THP-PC-SD HJ XRPD £55R
Fig.5 XRPD results of THP-PC-SD
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18.0°, 20.2°. 20.9°. 24.1°. 25.3°. 29.7° K% 42.7°
GRRFTAIE, BILSREE N, (HEERAIE IR K
AR, FTRER T 475 PVP K30 HEECR, Xt
TSR 2 7 HEME F A5, {HYE THP-PC-SD
o THP FIARTS I 450 25 UK THP-PC il £ %
THP-PC-SD J&, THP 1/5& LAJC @ TR AEAE, [FIIS
WAER] THP-PC-SD # 45 B3 o

2.6.2 SEM 4r#T THP. #)¥IR&Y (THP. Bifig
A1 PVP K30 LR THP-PC-SD, {XAEfHHIRE)
A THP-PC-SD i& & , I AJG/K S EEIEAT 53-8, B 2~
3d&EFHEE, MFE4 2 min, BT SEM T
ML, ERIE 6. THP JFRZGNEIRIES, 9
RGBSR 2 I R R B, AR
IR KENA . (HEE THP-PC-SD 5124 [1kE:
RIEEHE R, WHHAERESREZL, 5 XRPD
T 25 R — 5.

& 6 THP (A). #3IEEA% (B) #1 THP-PC-SD (C) HY
SEM [

Fig. 6 SEM of THP (A), physical mixture (B) and
THP-PC-SD (C)

2.7 THP-PC-NPs K H & TF##IH & KRR

2.7.1 THP-PC-NPs MHZGE TRl  m kB
i 4 THP-PC-NPs. HX 80 mg (1] PVP K30 & @1
100 mL Z& /K d GREEN 45 C), 53HL 40 mg 1
THP-PC #8508 T 3 mL Jo/K 2.8, /KA 5 VUM
TR R e 7% K% 10 min GREEE AN 45 C). BE
WL T8 40 MPa 64F FIEHEm 5 Ik, T
80 MPa &1 FEFA )G 8 UK, k4T 100 MPa 5%
R 8 Uk, BifF THP-PC-NPs VR & . I
AN 5% HEERE, WA, E T, T-40 CEIK
TUKFE IR 1 d, RIEE TAGR TR T H T,
EN75 THP-PC-NPs ¥ T4 -

2.7.2 KRR ¢ EEALDIE  HUE & THP-PC-NPs
TR, ZAWKRRE 50 £, BT REEAChINFGH ¢
AN (=31.26+1.93) mV, WE 7; FHkifzhl
(184.57£10.41) nm, UK 8. HUi& & THP-PC-NPs
MK R, WS- PR K 2 (242.90+
15.63) nm, ¢ HAAH (-28.05+1.69) mV.

-100 0 100
¢ L /mV

7 THP-PC-NPs ) § BB
Fig. 7 € potential of THP-PC-NPs

/\\\'
1 10 100 1000 10 000
LR /mm
B8 THP-PC-NPs £i1253 %
Fig. 8 Particle distribution of THP-PC-NPs

2.7.3 SEM W% H{ THP-PC-NPs J& &K 100 pL,
IINZEK 3 mLVRA], B 2~3 d ins Sk b,
H SR T 7154 2 min, BT SEM M A
A, SR IE 9, THP-PC-NPs £2KERH.

B9 THP-PC-NPs 4 SEM [&|
Fig.9 SEM of THP-PC-NPs

2.8 THP-PC-OP Hu#l&

S R H I B R IR 2 A A T A2 1
JTZ R KR, BB IR ST
S H AR KA, R, ASEI FUR A R =
H i) % THP-PC-OP. EFEMHL 100 mg ) THP-
PC, ST 10 mL 8 =B Hh, EI43 THP-PC
T
29 AHENESE

H{ THP. THP-PC. THP-PC-SD Fl THP-PC-NPs
GTANEE, ff THP &2 30 mg, RAZEMMK
Hl R IREWR, BTENSH, SR TFATHE 6
fro FEHAFUN 900 mL ZE4E/K, 15 R 853 51
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N 37 ‘CA1 100 t/min, T 0. 0.25. 0.5, 1. 2. 3.
4, 6. 8. 10, 12, 18, 24 h HUFE 3 mL, 7Bt
MK 3 mL. FFEMZE 0.22 um FLFLIERE T, BF
HPLC W52 THP iR EE, THHE &0 A B A
R, SR IE 10, THP JREIZY 24 h REREHBCE N
49.18%, THP-PC TEANIT ] 55 RV RCR S T
THP J5R} 24, 24 h BRUETBE A 69.47%, H—E M
R HAER . ¥ THP-PC il % i THP-PC-SD J5 ¥
AR BEIER, 8 h (1) RFUA H 2L E] 96.02%.
1M THP-PC-NPs 7£ 4 h Z2AHE HEIEE] 95.67%, K&
AR 5EEE . THP-PC-OP J& — Pl 7, #AH
HERIMNE R DL

100 7

80

RS
M 60
:
Qé 40
Bk I —+— THP-PC
20 4 —=— THP
THP-PC-SD
—»— THP-PC-NPs
0 . — ————
0 4 8 12 16 20 24

t/h
10 TRE#HmANALRZ (X£s,n=6)

Fig. 10 Release curves of different samples (X £ S, n = 6)
2.10 ORRZAhEFELE
2.10.1 X% 7% B THP. THP-PC. THP-PC-SD.
THP-PC-NPs ¥y Ki& &, INER 0.5% CMC-Na ¥
VB HIHE B, THP-PC-OP m E4EHEH 4%, B
SD K 30 R, BN A S H, ZEE 12hHATH
K, #RBRARREHAT ig 4525 (30 mg/kg).
SPAIFE 0. 0.254 0.5, 0.75+ 1. 2. 3. 4. 6. 8. 10,
12 h ARAE f5 i ik AEXIIZ) 0.3 mL, E40BE3EE 519
ZEHFEAHE O F1, SERIT 3000 r/min 540 3min,
SYEUMAE R, —15 CUKFE A FERAT -
2,102 ICRAE S ARE SRR HE S A0 IS
B, FRHHEERHI R 600 ng/mL, 1FNANRER.
W HY I A i 100 pl, AN BRI S0 uL A1 1 mL
LG CEARFRBUN 0.05%H 1R ), %+, iR JiE 2 min,
F 5000 r/min &0 8 min, HCEHUAH, 40 CHSK
TR, N 100 L B R E 30 s &, T 5000
r/min &0 S min, FEFEENE .
2.10.3 MR HE A bRAENZE  HX 2.0 pg/mL i) THP
X R VA, R I R G ) RO R B i N
1000 500, 250. 100. 20 ng/mL, 43%JHX 100 uL,

I B LA A FRVETR 50 ul, 40 CHRAIMERE
W 155% I, 73 M ZS H LK 100 pL, & BER A1,
BI4S THP I 22506 FE VA . %] “2.10.27 T T
B, JEREDE . DL THP JREIREE (X NRALER,

THP 5 FERAFRIETARLL (V) APAER, 5
& Y=0.042 6 X—2.450 1, r=0.9926, Frblitis
N 20~2 000 ng/mL.

2.10.4  JiiRSEEEE HUAS ISR L I 2O6T RE R I
WRESBERE, Z5RIE 11, M TS R A T
THP KWARIE, BUbLEEEsE. B 20, 500,

2000 ng/mL [ 20 JE SISV, IESLHRE 6 IR, 57
ATt5AS THP 5 WARIERAR LR RSD 7051y
9.97%- 6.31%- 9.17%, FILHWEEE R . 7o
AFELENE 6 d, BERWGE 1K, 7t 543 THP
5 ARG T AR ELAE ) RSD 235159 10.88%. 7.18%.
9.96%, PRI kS 25 B BT . B THP JEURIZG ig 48
25 1 h IRAES, 73T 04 3. 64 12, 18, 24h
BEFEGE THP 5 WARIERIARELE, TH5EAS HER
RSD 4 6.49%, 1t B MLRAE f AR Y R IF . HX 20,
500, 2000 ng/mL ¥ M35 HE S, 32 HPLC U2

A
SYTE AR
THP

B
EPEEAARY

t/min

B 11 ZAME A). DRIBRFR B) MMRER
(C) #J HPLC

Fig. 11 HPLC of blank plasma (A), plasma reference
solution (B) and plasma sample (C)
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FVETHAR, THEETHAI AR, i A\ LR B S br
M2 7 R EIAS IR, JH5 TC ) o 2RI FE AR

TR ERE N 94.06% (n=9), RSD {H N
7.93%, W ULHERRE R . DR T ) ER R ik
I 3% A FE AT T L3RR S b THP 13 & 005E
2.10.5 ZjBheEgh 433 E THP. THP-PC.

THP-PC-SD. THP-PC-OP #il THP-PC-NPs 7£ %/~
] s ) M2 VR T, 245-I) T 26 LIl 120 DAS 2.0 # 44
BINAE S AP 28 P8 dE, FEADFSHLS

W3 3. THP-PC ) tmax 5 THP JEEIZAH ST
22, fH tiay Cmaxs AUCo~; F1 AUC -2 HH

2.0
—e— THP
~ —=— THP-PC
@ 1.4 THP-PC-OP
6313 —— THP-PC-SD
E,{ —s%— THP-PC-NPs
® 081 f
]
5 4
0.2 - 4f#
0 3 6 9 12
th

E 12 Z5-Bfiizk (XxS,n=6)

Fig. 12 Drug concentration-time curves (X £ S, n = 6)

®3 EEDAHFESH (XLs,n=6)
Table 3 Main pharmacokinetic parameters (X £ S, n = 6)

ZH Li¥ys THP Jk}2) THP-PC THP-PC-SD THP-PC-NPs THP-PC-OP
finax h 1.0640.31 1.11£0.28 0.74£0.21" 0.70£0.23* 1.5640.36*
tn h 2.6140.54 3.72£0.69" 3.34£0.57" 3.96+£0.61" 4.4440.68*
Chnax ng-mL™! 557.64£61.24  741.76192.32" 1388.05+148.67°" 1704.33£253.64™* 1 147.16+148.98"#

AUCo~ ngh-mL™ 156823+148.61 2674.93+282.70" 6447.18+627.96"* 7629.81+721.16"* 6 615.044589.03""#
AUCo-» ngh-mL™' 1624.17+159.08 2812.62+301.56™ 6591.43+681.42"# 7728.64+772.08"# 6 756.08+703.58 "

5 THP ¥ : *P<<0.05 *P<0.01; L THP-PC Lb#: #P<<0.05 #P<<0.01

*P<0.05 *P<0.01vs THP;*P<0.05 *P<0.01 vs THP-PC

P E AR, X AR R A 170 £, R
EFEE B4R T THP R k. THP-PC-SD.
THP-PC-NPs fll THP-PC-OP ] twmax~ Ciaxs AUCo-
Al AUCy- 5 THP B¢ THP-PC #H Lb 554 & 2 1 5l i)
BEMZER (P<0.05. 0.01), AEITNRET
BRI, 5 THP JERIZjMH L, THP-PC-SD.
THP-PC-NPs Il THP-PC-OP X A= 4 FH B 43 5l $12
HZE 4.11, 4.86. 4.22 fi5, HA THP-PC-NPs #27F
R AE X 3 K
3 g

BIEAZ 552 1 477 (SRR R SR
P PUSRmEEE) . & IRE (20~70 C). Wi/l
& (100~300 mg). &K (2~6 h) ZEX}
THP-PC EAZ MM, RKIFKH DS E A
RIEFIN S 6 a8 m, A ReE H T DU &—
BT, W THP S B R A B m ia a1 A
F THP-PC FIHE K

P SCHERARED,  FTFIEA] (WOl 2% 254
L5 I P 23 i ] 5 it vl ] 2 ) ) P s e AR
s, R HuE 2 &R, R A%,
ENEZS 2y W S, o] 6 5 PR et v B % B ) S B
BiaemimiiR iz e, dmiamE AR, 4

VSR T ORI R ELL 111 4581
—ilt, BEEHEAER, SEREL, EMEHE
T RIS B RN 2, 7R B0 s FH 2 AT AL
DRI, aZ el flie P B oo T 2 P o] % B[] Dy 32 B2
B Rl &, X Box-Behnken Wi N T yEMAL T
THP-PC 477 1.2, B-E&%4:00 100%. 1HHE R
~, THP H#ffRMPImR RN 11 1.04. XRPD
W95 %ox, THP 7E THP-PC LLTGERLIRASTELE, F
T P& RV tHEE S AR R

THP-PC s&—FhEEEMIIL, G2 AME, WAt
FiE— ¥ HH) % i THP-PC-SD. THP-PC-OP J%
THP-PC-NPs #T-¥1. RIMNAH SR ER, THP-PC
AN R8N 9E1%, {2 THP-PC-SD A1 THP-PC-NPs
WRAERE T THP MME H, BEA 205 R KM .

FUR S » THP-PC AP BESE i & 1.70 £%,
AIREZ T THP I tH A 3 — e R RE 4 s PR AIK
T B pIER AR E RS T T K I &R
. (kB mER I EERS 2 E - . (HEEIRE &
MIEEROR, (RISHIERAR, HMoBEE &%
TEAKARIR B Hr ] B A R AR ES TS, TRl A= 0 F 4
ERAESZ . # % THP-PC-SD J& 44 F 42
A 411 1%, AT es2 T 5 i THP-PC-SD J& THP



FED 20226F7H $53% B 148 Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 14

#4315

YRATE & BLIRASAEAE . THP-PC HISE KM J 43 Btk
RER G INTRRSNE R a7 REUE
HEELERT . THP-PC-NPs i3t — B30 AR FH B 1
% 486 %, AHEEHT THP-PC-NPs 740l & T
PC M1 NPs il FHHHOR LAY, 8898 7 THP (1)
R SCRE T B8N T 2595 B iE k. K
T s R R R R AN K ) AR R WSO ATL
SE08200 WG S i AR . THP-PC-OP A4
JERE R A 4.22 %, MR TR S A Kh
Gy RAERRES, ST, RERBAER, X
DL 77 48 25 J5 4 THP-PC 5 K ARG S, #9hn
¥ THP-PC Fa5E 1% ; THP-PC-OP [R5 7E B iz i
HER T AT RESTE AL AR AE28300, AT ff AR
YR FH = T THP-PC. Ak, THP-PC-SD.
THP-PC-NPs Al THP-PC-OP 3 nJ it — 5 (& i
THP-PC RN, A58 THP il 50t A de 4t 1
AWM EM S TR
RBAR FHGHHFERAREEHZF R
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