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nanosuspensions based on “combined drug-excipient”

GUO Yali', DONG Xiaohan?, LI Yangjie?

1. Zhengzhou Health College, Zhengzhou 450064, China

2. Zhengzhou Institute of Technology, Zhengzhou 450041, China

3. Xinjiang University of Science & Technology, Kuerle 841010, China

Abstract: Objective To prepare tea saponin-acacetin nanosuspensions (Ts-Aca-NPs) using tea saponin as stabilizer, and investigate
its relative oral bioavailability and therapeutic effects on hyperlipidemia model rats. Methods High pressure homogenization method
was used to prepare Ts-Aca-NPs. The concentration of tea saponin, homogenization pressure, and homogenization times were selected
as the main influencing factors, single factor experiments combined with Box-Behnken response surface design method (BBD-RSM)

were used to optimize the optimal prescription process of Ts-Aca-NPs. Particle size, PDI value and { potential of Ts-Aca-NPs were
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determined. Microscopic morphology was observed by scanning electron microscope (SEM). Crystal form was analyzed by X-ray
powder diffraction (XRPD). Dialysis method was used to investigate the drug release behavior of Ts-Aca-NPs in pH 2.0, pH 6.8
phosphate buffer and water. Acacetin and Ts-Aca-NPs were administered orally (50 mg-kg™, calculated by acacetin), blood drug
concentration was determined, and the relative oral bioavailability was investigated. hyperlipidemia rats model was established, and
studied the effects of Ts-Aca-NPs on the body weight, liver coefficient, total cholesterol (TC), triglyides (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum aspartate aminotransferase (AST) and alanine aminotransferase
(ALT). Results Optimal prescription process of Ts-Aca-NPs: the concentration of tea saponin was 0.13%, homogenization pressure was
95 Mpa, and homogenization times was ten. Particle size, PDI and { potential of Ts-Aca-NPs were (301.81 £4.74) nm, 0.103 + 0.003 and
(—23.17 £ 1.19) mV, respectively. The morphology of Ts-Aca-NPs was irregular nanoparticles. Acacetin existed as crystalline form in
the lyophilized powder of Ts-Aca-NPs, and the crystallinity of acacetin decreased slightly. Ts-Aca-NPs significantly increased the
solubility of acacetin in different pH phosphate buffer, and the cumulative dissolution of Ts-Aca-NPs in pH 2.0, pH 6.8 phosphate
buffer and water were more than 90% in 12 h. Compared with acacetin, The #12 of Ts-Aca-NPs was enhanced to (3.09 + 0.42) h,
AUCo-: was increased to (1 294.81 + 243.06) ng-mL"!*h, and relative oral bioavailability was enhanced to 6.03 times. Compared with
model group, high-dose of Ts-Aca-NPs (50 mg-kg™') could effectively decreased body weight, liver coefficient, TC, TG, LDL-C,
ALT and AST (P < 0.05, 0.01), and significantly increased HDL-C (P < 0.05), and its therapeutic effects was better than that of
acacetin (50 mg-kg). Conclusion Ts-Aca-NPs significantly improved the solubility and dissolution of acacetin, and effectively
promoted bioavailability and hypolipidemic effects of acacetin in vivo.

Key words: acacetin; tea saponin; nanosuspensions; Box-Behnken response surface design method; bioavailability, hypolipidemic
effects
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H CEMRE RS s BN 0,054 0104 0.50.
1.00. 5.00. 10.00 pg-mL™', % “2.2.1” Wi F ik
K, LA Aca FEIKEE (X) WHETHIAR (YD) #E47[H]
H, #AEIAGE: Y=26.789 4 X+1.142 3, r=
0.999 9, Z&M:JEFE 0.05~10.00 ug-mL™'.
225 HEMHHEE L Aca XTHEMIAW. Ts-Aca-
NPs 3 i AR 2 R EFNAW, il “2.2.17
TR &R S5 R I 1, Aca fhifIg RS2 4%)%
T, Ltk REF.
22,6 MiEmEEEL BB EWKE 0.05. 1.00.
10.00 pg-mL™" P0G, 43l “2.2.17 TR
ZAFREN, Aca WETHIFY RSD 40514 0.89%. 0.23%
026% (n=6), KNG E R
2.2.7 BHEMEE  H Ts-Aca-NPs JREW, %
“2.2.3” TiJTiEHI4% 6 13 Ts-Aca-NPs fEis fhia i,



. 2236 - F48EFE8H 2025F8 A %¥r34ak £ Drug Evaluation Research  Vol. 48 No.8  August 2025
Aca #®1 TREBEFNENE (x s, n=3)

.‘ Table 1 Effects of different types of stabilizers

f“. (x £s, n=3)

Il BoeERl Tk /nm PDI {8 ¢ HA/mV
. 18 A HPMC  1014.1948523 0.649+0.067 —22.794+1.09

B SDS 7425247116  0.5284+0.058 —18.744+0.97
- - PVPK30  817.874£66.05 0496+0.045 —19.0641.05
— ¢ P188 9124645894 0.517+0.041 -14.16+1.19
o 2 4 6 s 10 12 1 Ts 3716943017 011340017 —21.944133
t/min

1 Ts-Aca-NPs H@iAi& (A). Aca MM (B) =
ERER (C) &iRAI HPLC
Fig.1 HPLC spectrum of Ts-Aca-NPs sample solution (A),

acacetin reference substance (B) and blank suspension (C)

solutions
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G Ts-Aca-NPs JRENE ¢ BAFEMMA, Wl
Ts-Aca-NPs [1] { A7 .
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X} Ts-Aca-NPs ¥if2. PDI 2 § HEALFISZmT, 4558 W
x1.
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K421 PDI B IAEX B/, FIRES Ts Il SRR
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Table 2 Effects of Ts mass fraction (X x5, n=3)

Ts iz

e Rift/nm PDI ¢ Hfi/mv
0.05 9469315890 041840037 —1445£143
010 4627545122 024740023  —18.96%1.29
015 355413677  0.119£0016  —23.27+1.29
020  367.18+41.86  0.1804£0.028  —22.60%0.97
025 4148244508 022440033  —20.78%135

BEHE Ts a3 H0% I Ts-Aca-NPs ¥if2F1 PDI
H AN S, TRERZ Ts & 7 SRR,
FaEBURE 2, S Ts-Aca-NPs KR ik B A A
¥125). Ts FiEHud mH R RFE R, ARTR
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M55 Ts-Aca-NPs #i42 1 PDI fHIE K, ¢ HLAZ46%}
fH R, WL Ts FifE /00 Ts-Aca-NPs 52K,
4 Ts R E 3 HON 0.15%HF Ts-Aca-NPs #7421 PDI {H
FEXTELAN, ¢ HALLE AR RO, #UES82PAR L5
$0.15% A0, XF0.10%~0.20%HE4 7484k -
243 HFEFESE [EE Ts RESHCN 0.15%,
BIFRIRECN 8 W, F “2.17 T K Jj %44 Ts-Aca-
NPs, HEA[E Y /1% Ts-Aca-NPs 48, PDI
Je ¢ ARSI . 45 R IR 3.
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S AN E N =k =y s ) s S i



FE48EESH 2025F8 H

4¥38at A Drug Evaluation Research

Vol. 48 No. 8 August 2025 © 2237 -

*®3 BIRENMENE (X Es, n=3)

Table 3 Effects of homogeneous pressure (X s, n=3)

x4 BFUREBIEM (X s, n=3)
Table 4 Effects of homogeneous times (X s, n=3)

fﬁj{i Hif2/mm PDI ¢ A7/mvV
60  39275+38.11 0273+0.020 —20.79+1.20
80  388.23+34.54  0.138+£0.018 —23.77+1.02
100 349.60+39.08  0.123+0.021 —24.87+0.97
120 38741%3394  0.145+0.019 —23.01%+1.13
140  424.87+4126  0240+0.028 —19.84+1.02

RALRERA L, S8 Ts-Aca-NPs Fifeie K, HI
— PR ZEN R Sy K e REsZe Ts fE Ts-
Aca-NPs R B, FeoEtE R EE, ML Ts-Aca-
NPs Fi42 41 PDI {34 B R AR K, (AN 44 5% A3 B2 i
. 2N Ts-Aca-NPs £ g M A R F S 116171,
FWBIFE JI%E Ts-Aca-NPs 435 KM, 4R
J& 7174 100 MPa I Ts-Aca-NPs $i 421 PDI {EAH %}
BN, C AL E AR AR, UG 2 AR i 7
100 MPa Ay, *F 80~120 MPa #4711k
244 HxEKEL FEE Ts ESEHN
0.15%, 45 % /174 100 Mpa, % “2.17 T K J5 1%
% Ts-Aca-NPs, % EX A [F] 1) LR BU6 Ts-Aca-NPs Fif
1%+ PDI J ¢ HAALIRZm, 255 IR 4.
Ts-Aca-NPs $if% M PDI BB 25 B 4
IS NS, AR i BRI 5
W 7 ¥R, {# Ts-Aca-NPs ¥i42 M1 PDI {H 5 K;
(R BOL 2 i il Ts-Aca-NPs ¥ ] 55357 5
£, FEKAE . PDIEIG KU, H ¢ WA EXHEAR

B FifZ/mm PDI ¢ Hh/mv
5 5158745634 030940040 —18.99+0.86
8 3562244071 013040023  —24.01+1.11
10 301.74%3476  0.113+0.015 23964124
12 3689043707  0.165+0.018  —22.144120
15 407.52440.13 022440026 —1843+146

fi%, R, RIBFIRET Ts-Aca-NPs
AR, 43 XA 10 KB Ts-Aca-NPs fi
A PDI AEARX BN, W SR DA RIREL 10
Hty, SRR 8~12 T AL .
2.5 BBD-RSM fii{t Ts-Aca-NPs &b 5T E
251 RIEIFLER  Ts-Aca-NPs b7 &%
BRI, Ts RESE (XD BFESN (X)) )R
TE (X)) M RIE R A&, %4F Ts-Aca-NPs
Kifs (Y A PDIA (Y2 7 ilfERNEARE, H3K
F3RLAE A1 PDI HIH /MY Ts-Aca-NPs 477 T2,
PARLAE AN PDI A FAAPEIH—{E (OD) #HT k. m
THif2A PDI (RIS EE, WHERELREN
0.5. 4 BBD-RSM #47 3 (A& 3 7K 3Lt 17 ik
SESG, X Ts-Aca-NPs &bJ7 T2 THAL, SEERRIZR
KPS Wik KRN S,

Amin= (Mmax— M;)/(Mmax — Mmin)
Miv Minax F1 Muin 55 B J9RI42 . PDI SEPIE . B A A
MHE

OD=0.5Xdmin (Y1) +0.5Xdmin (¥2)

#&5 BBD-RSM SLBREZEKF. T RER
Table 5 Experimental factors levels, design and results of BBD-RSM

F5 X1/% Xo/MPa  X3/IR Yi/nm Y> oD | BF% Xi/% Xo/MPa X3/{k  Yi/nm Y2 OD
1 0.10(=1)  100(0) 8(-1) 36842 0308 0.157 10 0.15 120 8 351.73  0.174 0.560
2 0.20(1) 120(1) 10(0) 35734 0.177 0.526 11 0.10 120 10 404.54 0.265 0.104
3 0.15(0) 100 10 307.11  0.101  0.948 12 0.15 120 12 360.89 0.208 0.434
4 0.15 80(-1) 8 380.87 0.208 0.340 13 0.15 100 10 312.57 0.107 0.908
5 0.15 100 10 296.25 0.111 0.976 14 0.10 100 12 353.32  0.216 0.451
6 0.20 100 12(1) 356.64 0.293  0.249 15 0.10 80 10 362.14 0.204 0.438
7 0.15 100 10 304.69 0.114 0.929 16 0.20 100 8 358.56 0.185 0.501
8 0.15 100 10 31421 0.103 0.910 17 0.20 80 10 377.69 0.196 0.384
9 0.15 80 12 343.52  0.154 0.648

252 MAWAES5H %N A Design Expert  X2—023 X%, B X1\ Xou Xo RELERE R/ NAT A,

V11.1.2.0 MLt T4, 18 OD {E/ —
% tEATFEAN: Y=0.93+0.06 X;—0.02 X>+0.03
X3+0.12 X% —0.14 X1.X3—0.11 XoX3—0.36 X,2—0.21

H AR5 OD {HFMIRT A X >X3> X, 1A R2 Al
Rag? 5359108 0.986 9 A1 0.970 1, {5l SZhMiE SR
TMEYI A R . T ESITERIER 6, B P<
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&6 HEFHER
Table 6 Results of variance analysis
KIE PR HHEE ¥5 Fig Pia KI5 SFIA HEEE #5 F1iH P
ot 1.29 9 0.14 5872 <0.0001 | Xi? 0.56 1 0.56 22837 <0.000 1
Xi 0.03 1 0.03 13.36 0.008 1 | X2 0.18 1 0.18 7459  <<0.000 1
¢} 425%1073 1 425X10°% 174 02281 | X3 0.22 1 0.22 9225 <<0.0001
X 6.29%1073 1 629X10° 258 01520 | Rz 0.02 7 244X107
XiXe 0.06 1 0.06 2336 0.0019 | ZVTi 0.01 3 460X107 5.67 0.063 6
XX 0.07 1 0.07 30.58 00009 | 4ifmz 325X107 4 8.12X10™*
XoX5 0.05 1 0.05 19.29 0.0032 | SHEZE 1.30 16

0.000 1, BAMEEMZR, WIEBAGE X K
LT P=0.063 6>0.05, JoREMZR, UEBAMER
P B AE R R . BUEEA Y XL XX, XiXGs
XX X2 XA X2 B EWEEZESR (P<0.0D).
K H Design Expert V11.1.2.0 2l Xiv Xon X3
XF OD {HR =4 & (& 2), OD {Hpf#E 74t 2
R 219 I R HLe N 58 KBS, Ui OD fA7E i

0.98:
0.76'
Q ‘
§0.55.,
0.33
0.111

100

KAE, K H Box-Behnken i B [H7£fL 4L Ts-Aca-NPs
Wb 75 T8 RTTATI . ¥ & Ts-Aca-NPs [ OD {f e/
oRARAL B AR, BUETEFEN 0~1, 3 Ts-Aca-NPs i
FEAETT N Ts R HUN 0.13% YIFRIE J1 o 94.28
MPa, $IRIXECH 9.77 ¥k, OD {H>N 1.000. NfET
SEPRERAE, HIBUEJREEN 95.00 MPa, 35K EL
RN 10 Ko

120

X>/MPa

100

g 0.10

80 0.10 Xo/MPa

B2 Xiv X2v Xs % OD {ESZN0HNE R E E
Fig. 2 Response surface plot of X1, X2 and X3 on OD value

2.6 Ts-Aca-NPs &£ FIEIE

IR G AT T2 AT H % 3 #it Ts-Aca-
NPs, 59K 7. 115G Ts-Aca-NPs “FIRiE N
(301.81+4.74) nm, PDI{E} 0.103+0.003, { HfL
N (=23.17£1.19) mV, WK 3, EEZHT Ts 4
Ty B A R R OS], W BT Ts-Aca-NPs
R G2 BRI —E R, RT3k R
FaE . THEAISLEER OD fH M 0.969+0.03, 5%
AL OD {H (1.000) W35 23, RSD N 2.94%,
TIF BE TR R S R A B AR S R 4T

£7 RWFWIELER(X £5, n=3)
Table 7 Prescription verification result (x *s, n=3)
K FifE/mm PDI
1 302.46+6.11 0.102+0.090
2 296.77+4.86 0.101£0.070
3 306.19+5.94 0.106+0.060

A A\

100 10 000

—100 0 100 200

CHLAZ/mV
3 Ts-Aca-NPs fif25% (A) FEAL (B)
Fig. 3 Particle size distribution (A) and { potential (B) of
Ts-Aca-NPs

2.7 FAEEEENE
HY Ts-Aca-NPs JR &R, IMAZEIEKMRE 50 £i5
AR SRR L (R 3 ), T E%4 60s,
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BT T, KA 12 500 £5/5 W% Ts-Aca-
NPs oW SR . 455 WL 4, Ts-Aca-NPs 5 A I
M IR . F4 BT 1S 112 Ts-Aca-NPs T/
JEWIRIAE, TR EE QG 1) 2 Ts-Aca-NPs 7KAb4%,
A HL B W 52 B REAR /N T B G AR AR

E 4 Ts-Aca-NPs iR E

Fig. 4 SEM of Ts-Aca-NPs
2.8 Ts-Aca-NPs T RAHI & R ARRENE
2.8.1 HTMORIHIE KGR EI Ts-Aca-NPs TR
= 20 mL, IIAFLHE (BESECN 4%), 1R,
T 2 mL /R TUME, BT-40 ClBRIRK
i, 3d JEBUH LRI E T30 CAE TS, #hE
B2, 3d eI, BIfS Ts-Aca-NPs i
THro 5% Ts-Aca-NPs &b 5 53 HIFREL Ts FIFLHE,
A ) % 25 R TR

Aca JFRIZ5VRE . Ts-Aca-NPs JEE . Ts-

Aca-NPs %143 & Ts-Aca-NPs % T-¥ 515G 40
WLES, FAZRE AT E B K EAE LY, 1M Ts-
Aca-NPs VB 2K M Ts-Aca-NPs T S8 G FEN 2
P IRGS . Ts-Aca-NPs & T4 2Z18/K 218 G
kIR N (348.96+10.13) nm, PDI Ny 0.127+
0.014, CHA N (—20.85+1.04) mV.
2.8.2 Ts-Aca-NPs VRT# a5 illeE kL
Ts-Aca-NPs 5 T¥yAKZ) 10 mg (M), BT 100 mL
I, IMNREEACLHE @ /K=3 1 1% 80mL,
HEE 15 min FHEE, AH, INEEHERIER, #

5 Aca’BEiRR (A). Ts-Aca-NPs BREi& (B). FT#
(C) FZEIBKER (D) 5P
Fig.5 Appearance of acacetin suspension (A), Ts-Aca-NPs
suspension (B), lyophilized powder (C) and lyophilized
powder sample redissolved by water (D)
SJEME Aca FriE (Ma), T Ts-Aca-NPs T4
FREDE. diR SR, 3t Ts-Aca-NPs % T4
FESHCN (1.43£0.03) %,
JEE 5 = Mo/ M)

2.83 EMEIE BDULE Aca JFRIZG. MEIRS
Y [Aca+ 7 ATHr (LI [A] Ts-Aca-NPs #4547 ]
A Ts-Aca-NPs T4 & T =M, 120 mL 248
IRAFIREN, LL 300 WA 20 min, JEEHABI AT LB
CRRIDTIE . %, BEEMER 25 CHREG &L,
LA 40 rmin! 3% 3 do BUREWT 10 000 r'min !
£ 10 min, ERETFEZRTRK PIEARIE . 0 Al
pH 2.0, 4.5, 6.0. 6.8 7.4 B EhZErk (PBS),
RV G B ot R BB E , 45 R AR 8. WBEHIR &
YIHE—ERERE B3R 1 Aca IVAAREE, WHES Ts 1Y
WA R, B EIEEEIR. 5 Aca HiLL, Ts-
Aca-NPs U T-RH# iR B R 21 n (P<0.01), HEN
Ts-Aca-NPs HKFEC T Aca Fide A KL,
2.9 EEMTHROISEE (FT-IR) 247

X Ts-Aca-NPs V&K 20 mL, B A LA,
HARM % “2.8.17 WUF#AE, % Ts-Aca-NPs 7
A, LAFEBR Ts-Aca-NPs Tk FLBEXT FT-IR 43

*8 AMENELR (X Ls, n=3)

Table 8 Results of solubility determination (X s, n=3)

TARIE/(ug-'mL™)

FE i
K pH2.0 pH 4.5 pH 6.0 pH 6.8 pH 7.4
Aca 23.4440.13 9.1840.21 18.0240.20 26.034+0.26 25.70£0.18 20.89+0.14
WFRAY)  26.79£0.18 11.26+0.24 21.11£0.27 30.56+£0.34 28.461+0.22 25.561+0.18
Ts-Aca-NPs  452.5346.66"  409.85+7.13"  444.50+7.17"  479.43+8.03"  470.12+6.16™  260.06+£7.74™

5 Aca lE#: "P<0.01.
P <0.01 vs Aca.
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Hrivsem . e RRIRECh 16, YL 100.0, 735
FN4.0. B Aca. Ts. WEIRAY) (Aca 5 Ts LLfF
[A] Ts-Aca-NPs) F Ts-Aca-NPs #3 Ki& &, 4 EH
12 100 AN EALBRAIT B R 4000 B s el 1
K 6.

76 Ts [ FT-IR AR, 3412.17 e ! fE SR04
Ts JIEANEIRENIE, 2928.26. 2844.71. 1401.85cm™
BRI R T Ts L. P H IR RENIE . 7F
Aca FT-IR Eifd1, 3 193.29 cm™! J2& Aca B2 JE{d
Wiz, (EMELR AW FT-IR B 7oy i g 2)i%
I (3193.32cm™), {HTE Ts-Aca-NPs ff] FT-IR &3
R, HEN Aca BYRIETTRES Ts T2 im kA
TEBREER .

Ts-Aca-NPs
EIREY)
319332 Ts
4 P A
341217 5 gpg 262 ST 1401.85 Aca

3193.29

4000 3600 3200 2800 2400 2000 1600 1200 800 400
v/iem™!

6 FT-IR gh%

Fig. 6 FT-IR curves

2.10 Ts-Aca-NPs KT #EEHR
X SR ARATH (XRPD) 444 Cu-Ka 4, 9
FEE Y 4" min!, AR (0) 9 3°~45" Bl Aca
[k 2. Ts. FLbE. PEHEA YA Ts-Aca-NPs 45T
P& T XRPD $34, 458K 7. Aca JERIZTE
6.5°% 9.5°, 10.1°, 12.8°y 14.3° % HPURHE S H0E, 78
Ts-Aca-NPs % T4 XRPD F/5n] W23, FH Aca
1E Ts-Aca-NPs TRy fn B R kA . SRR

WPS
YIEREY)

FLpE

| "

0 10 20 30 40 50
26(°)

[E7 XRPD %
Fig. 7 Results of XRPD

YR, Aca fE Ts-Aca-NPs % T8 i i B s N
B, TTRe5 b5 ARk B A R
2.11 Ts-Aca-NPs KT AINEAITAER

Y Aca JFBIZ5H1 Ts-Aca-NPs {4 Ti & &, H
Aca F &4 20mg, A0 SmL Z&EK (B 1%
SDS), #AFENLE GREAHX /T 8 000,
' HL 1000 mL ZE187K (F 1% SDS) gl <,
BTHEMG, iz EEAE (37.010.5) C, #if
WHEAN 75 rmin’!, 734H0F 0. 0.50. 0.75. 1.00.
1.50. 2.00. 4.00. 6.00. 8.00. 12.00 h HUFE 5 mL,
FEAMI 5 mL 218K (& 1% SDS), £ 0.45 um JE
JEE I J5 I 2 Aca JiUERIRSE o [FVE 772 Aca JiR
ELZ4A Ts-Aca-NPs Tk 7E pH 2.0 & pH 6.8 PBS
(% 1% SDS) M i 2447 )9, 455 LKl 8. Aca
JFRL 2576 7R /K . pH 2.0 X pH 6.8 PBS 12h RFE
RIS, Ts-Aca-NPs M K2R T Aca TEA A i
B2, 12 h BRBVRERIIE 90%L |, w]
Ae5 Ts-Aca-NPs KR T Aca WAMRIE. BFACHKL
1REE R F A K,

100

~+AcapH 2.0 PBS

= Aca 7KK

—+Aca pH 6.8 PBS
—<Ts-Aca-NPs pH 2.0 PBS
- Ts-Aca-NPs K&
-o-Ts-Aca-NPs pH 6.8 PBS

80 |

60

FHVREICE Y%

t/h
8 Aca f Ts-Aca-NPs {RSMNEREILZ (X £5, n=3)
Fig. 8 Release curve in vitro of acacetin and Ts-Aca-NPs
(x £s, n=3)
212 Ts-Aca-NPs AT#HIREMER
B Ts-Aca-NPs ¥k 8% & T ok 4,
10 CUKFAT A, BCE 0. 1. 2. 3. 6 MHEUE,
1B kA% PDIEAN ¢ BT, 45 R ILEK 9, S5
R 9 Ts-Aca-NPs EZF#MiaEM (X X5, n=3)
Table 9 Stability of lyophilized powder of Ts-Aca-NPs

(x x5, n=3)
g fj\ﬁg Hi4E/mm PDI 1§ ¢ HAL/mV
0 350.194+844 0.1244+0.013  —2225+1.14
1 354.181+10.71 0.128+0.010  —21.7440.90
2 349.601+7.69 0.122+0.009  —23.16+145
3 367.79+11.14 0.143+0.014 —2287%1.17
6 3852341275 0.157+0.018  —22.5340.89
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H R TR BRI L, 25 6 N A PERA A BT K,
{475/ 400 nm; PDI{EA AR, EA/MF 0.2,
TR — A R 4T ¢ rA 4ax (B 0 I B o g,
(Al Ts-Aca-NPs ¥R F#37E 10 CUKFHitfE 6 ™ H
FRoetRIF. BAR Ts HERT4EFF Ts-Aca-NPs &
e, HIERATREET Ts @it ki 2 e
CELFEF AR . 2 AALRE S P EEY B A5, R A
B A & B Pl M SEE RS, WA
RARTH T Ts-Aca-NPs (R £ Fa g 1t o

2.13 ORRZASHEFEMAR

2131 5% RA ZORBAX Cis
(100 mmX2.1 mm, 1.8 pm) ik:; W Na
5-0.1%H R =25 © 75; #FEEN SpuL; HEREN
0.2 mL-min's A58 30 “C . {3 A FLIBE 55 HL 25 (ESTD
PAE S RN R, AR 550 °C, BT
WHLE 4500V, SAACN 241 kPa, S HTES X
A m/z 675.28—~513.09 (R, FEEET) M omiz
283.11—268.01 (Aca).

2.13.2 SRR B Aca JERIZG . WFR AW (Aca
Skl U A5 [F) Ts-Aca-NPs % T-42) Fll Ts-Aca-NPs
TRARGEE, LRI 0.5%1 CMC-Na /K& R
il ig . HX 18 HARE IR SD KR, FEHL/T A Aca
2H . YIRSV Ts-Aca-NPs 21, &2 MEMES-2F,
ig FIEIIN 50 mg-kg! (LA Aca i) U, ZkpREE
J T HRAE 5 5 Bk AEIML, B & 45124 200 uL, Aca Al
YyHE AU 25 0.25. 0.50+ 0.75+ 1.00+ 1.50
2.00. 3.00. 4.00. 5.00. 6.00h. HIF Ts-Aca-NPs 21
1E 8 h BT A Rk HY Aca, # Ts-Aca-NPs ZHi5 00
8 h HUIM A%« 3000 r'min~! &5.0r 2 min, HUMIK RS H
B, EEERTRIRAT .

2.13.3 AR VA VR T AR B I 3R I R ) A%
26 AR =F 2 o0 BRI &, SR G T 1)
600 ng-mL~", YER ARSI o K MAFE 5 E T =R
FRVAR , 4 SRS 2% BT AT AR VAR 50 L 2 55 0
B, IO 15 mL S EE S, g 5 min 2
F843IR%], 6000 r-min~! B0 5 min JUEEH. B
FEEELE, BT 40 CEWALT, S8R,
BN 50 uL ZNE%EfEH A EH, FHIR 6 000 rmin!
B0 5 min BIASE V3 SE 58 1 AR 0 IILRARE A
2134 LMEXRARFELE  SHIMKHEH] Aca FiEIKSE
A 800+ 400, 200~ 100 50. 5ng-mL ! If 325 HE 5,
I3 IEL 50 pL, 8 “2.13.37 I R H14% 800, 400
200, 100, 50. 5 ng'mL™! GRFELTFREKREN

600 ng'mL ™) MAATIE GV, % “2.13.17 F Ak
Mo Lh Aca JREIRFE (XD ALK, FEEEH S Aca
WETAREL (V) AR, UETTFEN Y=0.004 1 X—
0.1426, r=0.9984, ZMIEH 5~800ng'mL'.
2135 LEMEFEE BT AMKER. Ts-Aca-NPs
MHFESIER Gig 8 h IFA] & L 26] JE S AR
(Aca FiEIKEN 5 ngmL™), 23H3% “2.13.17 I
NEMNE, SRWE, IEHIZELRERE.

B
R
Aca |
o 2 4 6 8 10 2 4 & 8 10
c
SRR
Aca
|
0o 2 4 6 8 10 2 4 6 8 1o
t/min t/min

9 ZHMK (A). MEHRZFR (ERHR B). MK
SHERmAR (EMFR, C) # UPLC-MS/MS & i&[E
Fig. 9 UPLC-MS/MS chromatograms of blank plasma (A),
plasma sample solution (including internal standard, B) and

plasma reference solution (including internal standard, C)

2.13.6 FREMEHEE HL Ts-Aca-NPs ig 3 h L%
FESRIE CEIEFEF), 9T 0. 20 4. 6. 8.
12,24 h M€ Aca KyREFEFIEIA, 1HHEAS Aca
R KT RSD N 6.76%, 3B I3 4 A i 1k
Rif.

2.13.7 FEEEEE B Aca FIEIRE N 5. 200,
800 ng-mL" MAATHE AR (FHEEE ), [FRN
SR 6 K, HRYE Aca KPR FETIEIM, 1154
Aca JiTEEE RSD H51 AN 7.11%- 5.60%1 5.28%
LR 6 d, BRI 1K, MR8 Aca KPR EEH
UETHAR, THHAS Aca UK E RSD {H21H 4.16%-
3.80%7F1 6.13%, FKIHHN. HIAKE%E R

2.13.8 FEEMEL L Aca EEIKE N 400 ng-mL™!
JRAERES, 2 AldE “2.13.37 SLIRAFERE N, HERE
WA, ARG Aca SR FEETIEMA, 1HHA Aca
FiEWE RSD 1N 9.44% (n=3), XWHEL M
Rt
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2.13.9 HRHUAIER BTN HE S B Aca BT EIK
FEN S5 (). 200 (). 800ng-mL™! () Fiiskt
AT BB B SERE T, $592.13.37 b HE ST 5E Aca
A EE IR (40; WEAMHEK 50 uL, A
INVE 2R NARAME “2.13.37 MBS, I Aca
TR SR, (IR 5. 200, 800 ng mL!
(BIEEFEET, MM (4, KA A/
SPREURSCER, SRERME. B mR IR
FEA R Aca FEEXEILE 7371104 103.15% 98.66% 1
101.47%, FEFEHRIEES 98.23%. I Aca
JREWE NS (). 200 (). 800 ng'mL™" (/&)
SRSV (BB ), BRI g A
(A3), KA Aofds HHEFRN . ZRER,
I B TEIR S Aca IS5 RN 43 51N 97.01%
95.84%7H1 96.13%, V%3 H RN A 96.11%.
DR G125 Aca FHEESEZE T I FR U ey, HL2E
JR B REEL /N o

2.13.10 Z53h#45 8 Aca. WEE S YA Ts-Aca-
NPs [25-iF 28 WL 10, R DAS 2.0 BAFEH
R RN 3 IS 2B S HO AT o, &
HEINE 10, 5 Aca fHLL, YIFRIREGIIN tmax B35 1

FEJG (P<<0.05), Cmax~ AUCo- Ml AUCo-of53 5 5535
Pem (P<0.05). 5 Aca MLk, P3RSV
“EWR R EEYE N 1.42 1%, UERH Ts I 520H Aca 23]
FATN, fE—ERRE BT Aca RAWRIL: Ts-
Aca-NPs ] f15+ fmaxs Cmaxs AUCon AUCo-35173
FEFERE (P<0.05. 0.01), [AK Ts-Aca-NPs 4
XTAEVIRIFHEE G 22 6.03 5. SYHRAPIMLL, Ts-
Aca-NPs [ t1p BA REMEZE R (P<0.05), 1M Crmax~
AUCo- Fl AUCo—f 12 ZPER N (P<0.01), it B
Ts-Aca-NPs H#f— B HE 0 Aca 1R PIIRIL

q —-Aca
800 = PEREY
~ ] -4-Ts-Aca-NPs
- |
g 600
&0 J
g
_ﬁ 4004
% 4
i 2001
=
0
0 2 4 ¢h 6 8

10 MZ5RE-FE/LZ (X X5, n=6)
Fig. 10 Profiles of plasma concentration-time
(g *s, n=6)

®10 FEAHNFEY (X Ls, n=6)

Table 10 Main pharmacokinetic parameters (x £s, n=6)

ZH Aca IRAEY) Ts-Aca-NPs
fmax/h 1.04£0.21 1.57+0.32" 0.77£0.17%
Cmax/(ng'mL™1) 106.94+21.14 212.88+59.13" 569.40+135.64™#%
tin/h 1.86+0.40 2.58+0.43" 3.0940.42"

214.57145.76
229.031+49.04

AUCo-/(ng-h-mL™)
AUCo-/(ng-h-mL™")

1294.814243.06™"#
1347.524+261.98"##

304.89+65.47
321.881+69.85"

5 Aca lb#2: "P<0.05 "P<0.01; 5¥EIREWLLE: *P<0.05 #P<0.01.

"P<0.05 *P<0.01 vs acacetin; P < 0.05 *P <0.01 vs physical mixture.

2.14 Ts-Aca-NPs {AAEIIBE1E A EMN

2.14.1 BEFEAE HLS6 K SD KR, FENL I XTI
(AR IE R TR ) 41 1 CRiR Tk FR) 2081,
TRy (BHMEZ, mfR TR IR + BT ey T
10 mg kg ) 4. Aca (EflETAEMAFRE + Aca 50 mg-kg ™)
H. Ts [ERFEEMAFE+Ts 110 mg-kg™ (Ts Z5257)
w25% Ts-Aca-NPs it Ts H&E, Aca i Ts
&N 6 13) 141, Ts-Aca-NPs {K7& (/g1
BHAFE 4 Aca 25 mg-kg™!) ZHA1 Ts-Aca-NPs &7 5
(IR RMAF: +Aca S0 mg-kg™) 4, L 74,
8 H. [EwEhE ig 442y, fRIESLIshYE ik
K, BB 6 R, BJa—IkG% 12h JEEE (A K

KD, B  HUNRAR R & o R S bt 520708 B
HEAT PRI, FEREREXML, 3 000 r-min~' 250> 2 min,
1 o 11 R P - 318 7 Wi g e S S S R ol = B e =X R a1
ACEAT I 5 MG A AR bR o IS AR BTN BR e i TE H
HFE, JEARIR TR K JEFR R . o 42
RILT 4% 2 KW, A, Uk, BKEZH
FIBEWHACHE, TIARR-HL (HE) Yett, WA
HPE L

2.14.2  KRAEFRED I R EEE  dRLK
THA TGS R & 2R BRI &, THE-P I i
. P E LIRS SRR 11, Sx IR
Eb, R SEO6 45 RN P AR & P S AP
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11 KBRAERENFRBTHER (X £s, n=3)
Table 11 Changes in body weight and liver coefficient in rats (X *£s, n=38)

251 FE(mgkg!)  SERITURRPFIIATI R SRR T g T SEEIRFREV%
X g — 182.64+6.14 362.52+10.42 179.88+9.92 34940.65
ot — 176.98£5.28 443.70+11.98™ 266.72+13.52"  443+048"
R EAAtTT 10 184.16+6.08 384.06+13.25% 199.90+10.74%  3.70+£0.31%
Aca 50 18043 +5.44 391.17+9.98" 210.74+9.88" 4.1240.39*
Ts 110 183.33+5.10 413.68+12.61 230.35+10.61 4214032
Ts-Aca-NPs 25 177.69+4.98 388.83+12.19* 211.14+13.10*  3.92+0.26"

50 181.08+5.87 373.68+13.03* 192.60+10.19%  372+0.28%A

5 AR "P<0.01; SEBAILE: *P<0.05 #P<0.01; 5 Aca ZHHLEL: 2P<0.05.
**P <0.01 vs control group; P < 0.05 #P <0.01 vs model group; “P < 0.05 vs Aca group.

VI RO H B (P<0.01), R ENR
LA Nk AR &, B ARWETEILRE, FFEUT
R e 445 - SR ZHAR B, Aca 2H M Ts-Aca-NPs
i 7 B 2 S At RN P 2 5 B T E 1 EE R
BIRT 2505 B TR (P<<0.05. 0.01); Ts ZHsK
IOLE IR A B S 43 B AT I R B A
TBE, HERZFEZESR (P>0.05), £ Ts a4
PR S Zf AR MAERT ST K. 5 Aca 4
AHEL, Ts-Aca-NPs mifll s RECA B3 N (P<
0.05), M Ts-Aca-NPs nJi#t— L@t K. 5
Bl FEAR AV TZHAREL, Ts-Aca-NPs 74l Py s
R REOE B E 12 7 (P>0.05), W] Ts-Aca-NPs
A 5 B A AT TR TR AR

PR R = K R A

S35 44 7 = S0 48 SR S 24 R ik — S0 T AR BT
i

JFF 22 45 = T FOk Jo /4 o
2.14.3 RERIMIEFEAR LAHCE R TC.TG.LDL-
C.HDL-C 21 N I3 15 G0 8 B 24845, AST F1 ALT

AR EE AR . R NER 12, 5T,
FEAIZH TC. TG+ LDL-C. ALT. AST %W 5 24T
= (P<<0.01), HDL-C &.&M: FE (P<0.05), K
BRI R BRI AG S, FAESZ 4000, SRR AR L,
Ts 41 TC. TG. LDL-C. ALT 1 AST #— & |
F%, HDL-C f— st m, HLREEES (P>
0.05), VB Ts A —@iRImAs " HEH. 5 Aca
ZAHEE, Ts-Aca-NPs mfl &2 TC. TG, LDL-C.
HDL-C. ALT 1 AST ¥ BEMER (P<0.05), &
PATEZR 2577 AR 25 Ts-Aca-NPs AJHE55 Aca
I FHER, WEES Ts-Aca-NPs B 5 =2k
FIRE R Ts HHBRITTERA K. SPFEAAbTT2HAH
tt, Ts-Aca-NPs =7& 41 TC. TG, LDL-C. HDL-
C. ALT f1 AST # e & MER (P>0.05), FHH Ts-
Aca-NPs =il EH S5 HEAATTVR T AR AL, B
B AR A

2.14.4 FUAUNRATREREDI A R4 (B 11-A)
ANERATHEAN PR EES ) 25 . 3 L5 20 i 5 oK AL
TARFIZSIE; AU (B 11-B) gz KA —,

#z 12 KRMAERMEXEEE (x X5, n=8)

Table 12 Serum lipid levels and related enzyme activities of rats (x £s, n=38)

Tl LDL-C/ HDL-C/
20 TC/Ammol-L™?)  TG/(mmol-L™) ALT/U-L™) AST/(U-L™)
(mgkg™) (mmol-L™) (mmol-L™)
it — 1924033 098+0.17 0.59+0.14 1.65+0.19 53.66+6.15 82.16+13.15
Gt — 3.10£040" 2574020 126+021" 130+0.11" 8049+428™  12687+20.63"
FAFEAART T 10 229+021# 1.8340.11%# 0.68+0.13% 1.5340.14" 57.10+7.76%  95.14+18.14*
Aca 50 2714+029* 220+0.15" 0.90+0.14" 140+0.12 6525+592"  10328+16.28"
Ts 110 2924032 2344022 1.04+0.10 136+0.16 7094+625  10985+2277
Ts-Aca-NPs 25 2594027 209+0.16" 0.88+0.17* 144+0.15 6099+489%  9854+1425"
50 236+033%  1.85+0.19% 0.72+0.15% 1.51+0.10% 5437+687% 89601394

S5xHRAE: *P<0.01; SEMAHEK: *P<0.05 #P<001; 5 Aca ZHIL%E: 2P<0.05.

**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; 2P < 0.05 vs Aca group.
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B 1 ERAE (A). #REE (B). FHEMAMITAH (O €EREHE (D). Ts4H (E). Ts-Aca-NPs {RFIEH (F) 71 Ts-
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Fig. 11 Hepatic pathologic observation of control group (A), model group (B), atorvastatin group (C), quercetin group (D),

tea saponin group (E), low-dose Ts-Aca-NPs group (F) and high-dose Ts-Aca-NPs group (G) groups of rats (x200)
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