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pharmacokinetics and evaluation of protective effects on acute liver injury
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Abstract: Objective To prepare maleimide-modified tetrahydropalmatine nanoparticles (MPP-THP-NPs) using maleimide-
poly(ethylene glycol)-poly(lactic-co-glycolic acid) copolymer (Mal-PEG-PLGA) as carrier, and investigate its oral bioavailability and
protective effects on acute liver injury. Methods Solvent evaporation method was employed to prepare MPP-THP-NPs. According

to results of single factor experiments, carrier to drug ratio, hydration time, and volume ratio of water phase to organic phase selected
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were acted as main influencing factors, the overall desirability (OD) was used as evaluation index, Box-Behnken response surface
design method was used to optimize its prescription process. Encapsulation efficiency, drug loading, particle size and { potential were
determined. Transmission electron microscopy (TEM) was used to observe the micro-appearance of MPP-THP-NPs, X-ray powder
diffraction (XRPD) method was used to analyze the crystal form, and the dialysis method was used to investigate the in vitro drug
release behavior of MPP-THP-NPs freeze-dried powder in simulated gastrointestinal fluids. According to the optimal process of MPP-
THP-NPs, tetrahydropalmatine nanoparticles (PP-THP-NPs) were prepared by using methoxy polyethylene glycol-poly (lactic acid-
co-geolic acid) (PEG-PLGA). TMP, PP-THP-NPs, and MPP-THP-NPs were given at a dose of 30 mg-kg™! (calculated by THP), the
blood concentration of THP was determined, the relative bioavailability of MPP-THP-NPs was also calculated. The model of acute
liver injury was established, the effects of MPP-THP-NPs on the spleen coefficient, liver coefficient, levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), malondialdehyde (MDA), and superoxide dismutase (SOD) of serum in rats were
investigated. Hematoxylin-eosin (HE) staining was used to evaluate the pathological changes in rat liver tissue. Results The optimal
prescription process of MPP-THP-NPs was as follows: carrier to drug ratio was 12.8 : 1.0, hydration time was 45 min, and volume ratio
of water phase to organic phase was 10.6 : 1.0. MPP-THP-NPs shared average encapsulation efficiency of (91.80 =+ 1.37) %, drug loading
of (6.66 £ 0.19) %, particle size of (58.51 +4.19) nm and { potential was (—18.83 =2.21) mV. MPP-THP-NPs were spherical or elliptical
in shape, cumulative dissolution rate of MPP-THP-NPs was enhanced to 86.79% in 16 h, and the characteristics of sustained-release were
obvious. Pharmacokinetic results showed that oral bioavailability of MPP-THP-NPs were increased to 4.08 times, and its enhancement
degree was greater than that of PP-THP-NPs. Compared with THP group (30 mg-kg ™), liver index, spleen index, ALT, AST, and MDA of
MPP-THP-NPs (30 mg-kg™') group extremely significantly decreased (P < 0.01), and SOD was extremely significantly increased (P <
0.01), these effects were better than that of THP and PP-THP-NPs group (P < 0.05, 0.01). HE staining results of liver tissue showed that
the pathological injury of rat liver in the high-dose group of MPP-THP-NPs was significantly reduced. Conclusion MPP-THP-NPs
greatly enhanced the oral bioavailability of THP, and enhanced the effect of THP on improving acute liver injury.
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9 2001 30 1001 84.12 3.95 96.91 0.424
10 15:1 45 1001 90.18 5.66 60.84 0.938
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Fig. 2 Response surface plot of independent factors and OD values

M mE ., MAGRMPRE, H% 2517 WK
ETHE OD . 45538 3 #it MPP-THP-NPs “F-3%)
fE R, H2hE. KM OD H2H1 N (91.80+
1.37) %. (6.66%£0.19) %. (58.51%+4.19) nm Al
0.948+0.06, STRiIME OD 1 (0.952) NZB%, S
W OD B A A 22 —0.42%, 1t B 1% 5022 A5 20 Tt
PR 4F, BRI FE L. MPP-THP-NPs fif%
34 B L 3-A, “F) PDILE Y 0.10340.09; “F¥
CHAN (-18.83+£2.21) mV, WA 3-B.
2.6 TEM V£

H{ MPP-THP-NPs V&), INZE/K R 30 £i%,
RN, 1% IRAGLt, B 30 CHRT T
b IRy, TIES B T4 MPP-THP-NPs
JESR (X15000). 455 WK 4, MPP-THP-NPs 413

A
0.1 1.0 10.0 100.0 1000.0 10 000.0
HiE/nm
B
-100 0 100 200
CHAf/mV

3 MPP-THP-NPs (%2 (A) #1¢ AL (B)
Fig. 3 Particle size (A) and { potential (B) of MPP-THP-
NPs
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- 100 nm

E 4 MPP-THP-NPs TEM
Fig.4 TEM image of MPP-THP-NPs

5T B TE o

2.7 MPP-THP-NPs FT#HIE R R B RE
ME

271 HTHEIHI% B MPP-THP-NPs JR &L
0.45 pum FFLIERESET, EBIE B A 7 FiE R
10000) JEhnzifb/KEE, MA 5%H #&E, —60 C
ABACIR VKA T4 3d, SEEIEZSAE T 3d, B
H EJ15 MPP-THP-NPs % %7 . MPP-THP-NPs 4T
MM, EiERIEE RL, HArFt,
i A0 LI 5 2k 7K 52 % J5 il 3 MPP-THP-NPs
P AR, AR bR, PDIEM C AL
9 (88.9110.96) %. (6.431+0.13) %. (66.71=%
4.59) nm. 0.119£0.13 f1 (-17.60%+1.69) mV.

5 MPP-THP-NPs EE#& (A). FTF# (B) MKkER
& (C) BItEmIrL
Fig. 5 Appearance of MPP-THP-NPs suspension (A),
freeze-dried powder (B) and dissolved by water (C)

2.7.2  MPP-THP-NPs ¥ Ui R e B
MPP-THP-NPs J& £ & THP & & (M) . L MPP-
THP-NPs A4tk Z%, WxE THP &&
(M), ZEREIR, 3 it MPP-THP-NPs /4 T-¥3°F-)
TUERAN (0.7940.08) %, 1B MPP-THP-NPs

TR T T E AT

ViBEE= (Mi—M) /M
2.7.3 MPP-THP-NPs {4 18 A1 i gt B 10 Il 5
Bt & THP J7 B} 2581 MPP-THP-NPs % -85 73 7 &
FalithK, #AE 15 min OEEE UGS, &
25 CHHIREZ#EY 2d,8000 r-min™ .0 5 min,
W3S E THP ¥R . 4585w, THP Jik
24 F1 MPP-THP-NPs % - #1155 40 0 N
(274.76+3.18). (1689.75+9.07) pg-mL~!, MPP-
THP-NPs #T-#1F THP (B FE MRS T 6.15 £i%.
2.8 MPP-THP-NPs ‘5T R B R

XRPD MAAZAE: FHHEEEAN 4" min™!, MJE
(260) 5 3°~45", KFHFEA Cu-Ko 4. HL THP J5E
2y, THHE (MPP MBS HEREORG, LS
MPP-THP-NPs % T4 —20 . #EIREY (L5
MPP-THP-NPs % ¥ —%0) Fl MPP-THP-NPs % T
prid s T EN, W 6. THP 7E 5.9°, 7.9°,
11.8°, 12.8° 13.5°%54b tH BURFAE A 200G, IX SERAE
i R LE Y FVR-S ) XRPD G 5] W, i
THP FAS AR KA, H58E A B T B . MPP-THP-
NPs % T XRPD &3 THP FRE 5 B 063509 2%,

187 THP 7 MPP-THP-NPs 1% T-¥ 1 fn &S 0] fE 4648
MPP-THP-NPs %% +-#}
A 1 AAA _l

)
WELR S A A
= AR ‘ n‘ ” l A
A

‘v
L S
0 10

40 50

30
20 O

6 XRPD %R
Fig. 6 Results of XRPD

2.9 MPP-THP-NPs 5 F#iaE M £5

29.1 fEfifaetE%E B MPP-THP-NPs 4T}
CEET VMR BEEEEAE GREAVEE 758
30 ‘CH165%), T 0. 1. 2. 3. 6 NHEE, 251
W MPP-THP-NPs Ty ZiE 5 TR . G
R RALFNEARRE . 455K (3% 6), MPP-THP-NPs
BT 6 NMHE, UIFERIEANER, BN
2%; CLEZREE T, EIRT 85%; KifRmgAIE K,
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xo6 MEGFREMIEER (x5, n=3)
Table 6 Experimental results of stability (x s, n=3)
BUREIT R0/~ A VIR 2% WEHE/% $i42/nm AR /(ug-mL ")
0 0.71%0.12 89.671+1.04 60.191+4.88 1 682.091+12.07
1 0.64£0.17 90.10%£0.78 61.731+5.04 1 694.55+17.32
2 0.92£0.09 89.27+1.26 59.74£3.86 1 687.50+10.78
3 1.29£0.14 89.42+1.33 64.091+4.15 1 689.83 +14.64
6 1.37%0.18 88.731+0.98 65.85+4.90 1678.96+10.17

{EATS/NT 100 nm; I AR 2R WL N %, KB MPP-
THP-NPs ¥ 1 R 47
2.9.2  TERHE Ml St fe e e 5

(1) PP-THP-NPs % T# il #5: =% “2.53”7
TN MPP-THP-NPs 2 14b 77 T.25, ¥ MPP %t
29 PP il £ A i R B 44K kLB PP-THP-NPs, M43
PP-THP-NPs “F-¥JfudHR ., #25&. kifs. PDI{H.
C AL AN (87.43+11.25) %, (6.32+£0.21) %.
(43.55+4.07)nm. 0.094+0.07. (—20.52+1.79)mV.
% “2.7.17 TR R #% PP-THP-NPs % 147 -

(2) GHFEMES R R UPOREW K AEAR
LB FifE & PDI {2 bl 2 A0, #PAkifE & PDI
AR K LL e PP-THP-NPs Al MPP-THP-NPs
sEfyRasE . 435 HL PP-THP-NPs. MPP-THP-NPs

A - -
1600 =% 1.2
~=PDI F 1.0
1200 A
g r0.8
= S
@ i L g
}‘; 800 = 0.6
= F 0.4
400 =
L = 0.2
04 = = = = = )
0 05 10 15 20 40 6.0

5 PP-THP-NPs $i% HL#5

B

HFifE/mm

*P<0.01; 5 PP-THP-NPs PDI 18 L%

YK 300 mg BT 1000 mL B E W T, (37.0+
0.2) ‘CEA 75 rmin ' 454, 77 0.5, 1.0, 1.5, 2.0h
IUFE SmL, BURE G LR & o m R, T
4.6 h 73 [FEEURE o 4351 it PP-THP-NPs F1 MPP-
THP-NPs k{241 PDI {8, 455 WK 7.

W& I} 7] () % K , PP-THP-NPs 1 MPP-THP-NPs
FiizBE 2 14K, 5 PP-THP-NPs }i4%4H k., MPP-THP-
NPs 7E 0.5+ 1.0~ 1.5, 2.0 1 4.0 h AR E T
(P<0.01); 5 PP-THP-NPsPDI {E AL, MPP-THP-
NPs 7£ 1 h EHBEMHE FE (P<0.05), f£ 1.5, 2.0,
4.0 F16.0 h BA MR EME FFF(P<0.01), 1B MPP-
THP-NPs 1 — 5 W [i] P &5 ¥ #2515 T PP-THP-
NPs, A fit.5 MPP-THP-NPs % [ 2 R Ik W0 e [ #12
BERZSAZRE . B HE R SRR A R0,

16007 — gy # 0.7
—=-PDI F 0.6
1200 L os
L 04 =
800 - g
0.3
400 02
& L 0.1
0 = F O

0 0.

1.5
t/h

20 4.0

#P<0.05 *P<0.01

**P <0.01 vs particle size of PP-THP-NPs; *P < 0.05 *P <0.01 vs PDI value of PP-THP-NPs

&7 PP-THP-NPs (A) 1 MPP-THP-NPs (B) HUfaEMER (x £s5, n=3)
Fig.7 Stablitity study of PP-THP-NPs (A) and MPP-THP-NPs (B) (X s, n=3)

2.10 REBRIEREIMNELIT HRIELER

I THP J5K}%j, PP-THP-NPs. MPP-THP-NPs
TRy (THP #4285 10mg), JI 3 mL AL B R
1RIREW, HRRFENTET RN iREN
10 000D, “FATHil4% 6 £ KA 1 000 mL B0 B 1
JIRETBNY B, AR 73 908 75 rmin ! A1 (37.01+
0.2) C, F0.50. 0.75. 1.00 1.50. 2.00h BUFf 5mL,

FHAN TR, B 5 mLo HURE 78 55 S RIUE RSO i
BHONBELZT, T 3. 4. 6. 8. 120 16 h [AJEEL
FEFEAMIIREZG AN % 5SHURE 3 mL 5 8 000 r-min™!
#0 Smin, % “2.2.17 WUJ7VENE THP & &, 45
R ILE 8. MPP-THP-NPs I PP-THP-NPs 7E 16h 2
TR IR 43 N 80.66%F1 86.79%, 5 THP L,

PRl KR 2] 2B 2 By 1, H MPP-THP-NPs
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1001

80+

L

5 —THP
% 601 -=-PP-THP-NPs
fom MPP-THP-NPs
W
K 401
B

204 41

0 2 4 6 8 10 12 14 16
t/h
8 INBRIABMZIILLER (X £s, n=6)
Fig. 8 Comparison of drug release curves in vitro
(x £s, n=6)

SR RAFER T PP-THP-NPs.

2.11 HEIFEHR

2.11.1 S236 7% HUTHP J5R[Z4. PP-THP-NPs.

MPP-THP-NPs % T-¥pi& &, KM 0.5%[ CMC-Na
ERIECH ig Wi, THP FUEIKREYN 4mg-mL'. B
18 Rud 251 SD KR, BN 3 4, 70l ig
#5245 (THP %18 30 mg-kg™") 61, THP 44> )T 0.
0.25. 0.75. 1.50. 2.00. 2.50. 3.00. 4.00. 6.00.

8.00 h KRR HRHE 5 ik AHUIMZ) 0.25 mL, PFIix4
10 h i L2598 FE CAR T it 26 R, BiAS P ML .
MFEEFHIRAE, LL 3500 min~ .0 3 min, FH
FEREONEESESABOE, BT-15 CIK
FEPRAT o PRI FARIE AT I 25 5, PP-THP-NPs ZH 3% i1
10 h BRI £, MPP-THP-NPs 04450 10 h #1 16 h B
I 5

2.11.2 PN AR VA VR TG ) R I AR T TR o
i 5 PR B 1 i S 200 e, P P e A o) Rl T VR
91200 ng-mL™' I AAREEIR . B A & 100 L,
MO 3 mL ZBEf. 50 L WAREEFT 1 mol-L™! )
NaOH W 50 pLl), 53 jie 5 min. 8500 r-min™!
B0 Smin, EEZETFABLE Y, T 37 CER
AR, I 100 uL H S RE 5 A B A

2.11.3 % i % KH Phenomenex Cis
(4mmX2mm, 5um) BTifE. Perkin Elmer Cis
(100 mmX2.1 mm, 1.9 um) a4, FaHENL
5-0.01% FF ERER /K VAW (50 © 50); FEIE 30 °C; 1k
FURE 0.2mL-min's #EFESRIEE 4 C; FEFEAM
SuL. HMIZHE (ESD &, 1E&E Pl W5
JEN 5.0 kv HH# T XN 2 H I B A B
(MRM); BYIEIRE N 350 C; SN 206 kPa;

KBS 1-%5F 73 5N miz 356.6—~321.1 (THP) Fl m/z
348.4—>308.3 ([ JEZZLIH) -

2114 SRR FEL KERE THP &E&, HE
A ML B 2 5004 1500+ 500, 100, 20 10 ng-mL™!
(A% I IRV, 0 B 100 pl 426118 “2.11.27 35T il
#2500, 1500, 500. 100, 20. 10ng-mL™' (A
AT IR YA 600 ng-mLD) ISR S (5
MR VAW, % “2.11.37 TR 24F5E, LL THP i
EIRE (X0 NRAAER, HESRA0E THP Wi L
(V) NPARR, LA TFEN Y=0.0339 X—2.046 9,
r=0.994 8, Z&MEVEM 10~2 500 ng'mL 1,

2115 LEMEFEL BURRTAME. i
mn (B AFR, THP L&A N 500 ng'mL™) ALK
FEafi (MPP-THP-NPs 4372 16 h) ¥ 4% “2.11.3”
TRIGE . 4550 9, THP A i SE L0 hH R 51 i
143524 2.4 min 1 42 min, &JEMERLF.

A

B THP EnEEan

C THP
SYIE AR

0 2 t/min 4 60 2 t/min 4 6
B9 zZAMmK (A, MEMBHAR (RAFRE B). M
RHMFR (FWIR C) B UPLC-MS/MS &ik[E
Fig. 9 UPLC-MS/MS chromatograms of blank plasma
(A), plasma reference solution (including internal standard,
B) and plasma sample solution (including internal
standard, C)

2.11.6 FEtEEgE WK EERE A 500 ng-mL!
) THP IMLRFE S, VRN DRAET—15CIK
o, BT 37 COKBHRETRR 6 X, FRRIUE
100 pL 4% “2.11.27 TR A ER A3 B (05, Il e
THP FINFRIERIAR, 1545 THP 2K ER RSD
N 6.69% (n=6); HUMMKFEMIEMRT 0. 3. 6+ 9.
12, 24 h Ml GREEFEEE S8 25 CH45%),
e THP FANARIETHFL, HHAS THP REKRER
RSD N 4.16% (n=6), FMHEEM KL,
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2,117 FEEREES HUTHP FUEIREEAN 10 (0. RIS HEIR 2 AR 1, BR8] (fma) PN

500 (). 2500 ng-mL! (&) MR (B W
BRI THP AN RRIETE R, 458 EoR
THP &R ER RSD EHIKIKN 4.16%. 5.03%A
2.22% (n=6); HEHIMRK 6d, FFRIMA 1%, ME
THP RN RSD EHIKIKN 3.76% 1.96%F
3.09% (n=6), FKIHMNKH K%L R,
2.11.8  FREURISCRRNIE AN % B 10, 500
2 500 ng'mL"' [ THP IMLKFER GYETEIRE R
600 ng-mL™" RS, % “2.11.27 A3 5 E
WETAY (45 43S A If2E 100 uL, 39 4y, B
AN JESELHRAME “2.11.27 TR AR, i\ THP
o RS VRRY 1 i SR 400, IR € 2 min, f#f THP #%
AR E N 102 500, 2 500 ng'mL™!, [HJE3L
BT IR A 600 ng-mL!, BEREN E I THAR (B,
KA 4/B HHEARIEZ, SR SR8 1y @i
HIRFEE THP KN FRHEEEIEE 73508 94.11%.
91.68%- 96.07%- 93.71%. HUFR &K E A 10, 500.
2 500 ng-mL~! [ THP XJHESIAR (& =K E
N 600ng-mL~" R, WEEm (¢, BA
B/C HHHEE RN . A&, H. B ERE THP & A
JeE 3 21 B8 21k 5T 28R 4 N 96.19% + 100.24%
95.84%. 101.08%. FHHi% }7i% THP Al A JE S LLHH
A RS e sy, HAR AR o

2119 ZghiEsE R KA 3PO7 BAFAR R RS
THEVEX 2B AT A0 2], SR SPSS 19.0 Hf4:

W () RAAEZECEDARLS, BIERE (Crad)
RIZG-I5F 28 R IRIFR (AUC) Gt B0 R A ST R
A AGE, 2RI 10, ZiBhiEai RNER 7.

5 THP #Lt, PP-THP-NPs [ Cuax 300 3.19
%, tmax IEJG A (2.1630.37) h, t1p EKE (4.43+
0.59) h, FHXFEARAEYIRIHEERS N 2.72 £% . MPP-
THP-NPs [ tmax 15 & (3.194£0.74) h, t1p K E
(6.57%0.81) h, Cmax 3450 3.32 £%, X ORAEDY)
FIFH R8T 4.08 f%. 5 PP-THP-NPs #Htt, MPP-
THP-NPs [f) fmax~ f12+ MRT+ AUCo-n AUCo-33) 5
FHHK (P<0.05. 0.01), ¥t MPP-THP-NPs [/l
B FAT NRAE T RS, HRRISCRE 3 &
i FEE B K

20007 —-THP
PP-THP-NPs
1600 J’ -=)PP-THP-NPs
; |
oo 1200 A
=
®
L 8004
H 400

t/h

& 10 Z5-BiphEk (x s, n=6)

Fig. 10 Plasma concentration-time curves (x *£s, n==6)

=71 FEANFSH (X s, n=6)

Table 7 Main pharmacokinetic parameters (X s, n=6)

S AL THP PP-THP-NPs MPP-THP-NPs
fmax h 1.4840.28 2.16+0.37° 3.19£0.74%
tin h 2.6340.39 4.4340.59* 6.57+0.81°
MRT h 3.02+0.63 529+1.67" 77248215
Crnax ng-mL"! 458.68 +83.87 1 463.07+471.26™ 1524.06419.82"
AUCo- h-ng- mL™! 1542.19+312.34 4192.41+874.95™ 6 298.67+1024.51*"*
AUCos h-ng- mL™! 1 628.35+326.07 4315224917.61* 6520.94+1067.03"#

5 THP tb#:: "P<0.05 ™P<0.01; 5 PP-THP-NPs tb4%: *P<0.05.
*P<0.05 **P<0.01vs THP; *P < 0.05 vs PP-THP-NPs.

2.12 2MFmGRIPERMR

2121 BERECH] SRA 0.9%S AR VARG 1 o
WEEN 30 mgmL™! X A EREFEMyE SR, IAECEL
. KH 0.5% CMC-Na & ECH] THP. N-Z
k% 2. PP-THP-NPs £l MPP-THP-NPs ] ig ¥ -
2122 KR Y) BUEEE SD KE 48 R, 41 H

R (0.5% CMC-Na #30) XHEZH (0.5% CMC-
Na D N-CIEERR (BHEZ, 150 mgkg™)
ZH021, THP (30 mg-kg ') 21 . PP-THP-NPs(30 mg-kg 1)
H J% MPP-THP-NPs fi% /1 /=57 &#:(10.20.30 mg-kg ')
4, %4 SD KERIMERESF, &R 1200 I ig
KU VIR, HHETd. BT RGEY 330G, MIRA
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ip 0.9%FALANTA W, HARK AL ip X £ W=
W (300 mg-kg™ ') U2, JE Sk R a g .
6 h J5 ip 2.5%/% L EL Z AR SD KR, ek K
BT &, 7E B RIOTRAS T 99 ik R R f 30k
FTARAE, R AR, 0.9% &AL NIE W
HE, B TR ERTRIAS, MAE. &4H
43 BGER o FFIE L GUR I T 4% 2 K HEE, Ais
], ST, KSR WK IE AR, I
T ARE-PL (HE) Yett, ok i Bt [ 5 0 52
JH2H 235 BEAR S -

2.12.3 JHNEFRECRIE TR BB 5 RAEIIE.
JIE AR i ) T BT I i R T AR i, S5 R
B 11, S0 RRALAR EL, A5 20 BT A i 50 e A 45 %

Pt SR (P<<0.01), FHARERLA ShH )T
R 52 2 S A . SRR LL, KA
FA) JEF O 48 R BT 8 B0 B M s B M R
B (P<<0.05+ 0.01), 3R HAK AR AN AESS 2146 2%
PR ER . 5 THP ZHAHLL, PP-THP-NPs 4Tk
TRECH B R HUA BETE TR (P<<0.05), BEE
YA 2R N, MPP-THP-NPs 2H K 53T W45 £
MR A 2 N %, RILVHAEME M. 5 PP-
THP-NPs #HAHLt, MPP-THP-NPs =75 & 2H AT i f
FOMNE R B8 B TR (P<<0.05), XW[RES
MPP-THP-NPs BA 5 AR FH B A K

P M 250 = A 4 5%

UL g 2 = P I /4 o

9+ - 0.8 - 4
84 0.7 4
7 0.6
64
0.5
o s HWANE VA AR
Z_JE 4 , QJ«_E 04 4
= T SR =
E B 03
= 31 ':;_. R
28 BN 0.2 1
141 b 0.1
NE BN , P = = N — = = =
SR ARE N2k THP PP-THP- 10 20 30 X RRN-Z B THP PP-THP- 10 20 30
BB NPs MPP-THP-NPs/(mg-kg ") e R NPs MPP-THP-NPs/(mg kg ")
SxtRR4LbE: TP<0.01; SEAAILLE: "P<0.05 #P<0.01; 5 THP 4lLLH: AP<0.05 **P<0.01; ‘5 PP-THP-NPs 41LL#: €P<<0.05.
**P<0.01 vs control group; P <0.05 *P<0.01 vs model group; 2P <0.05 2P <0.01 vs THP group; *P < 0.05 vs PP-THP-NPs group.
Bl 11 BEKRBARFIEEBFEEER (X L5, n=06)

Fig. 11 Liver index and spleen index of each group of rats (x *s, n=6)

2.12.4 ALT. AST. MDA #1SOD fJille  H%4H
MEFES, 3 500 r-min~! B0 5 min, H_EJERT 4
H Zh A A AT ORI _H AN ALT A1 AST. BUFFAE /S
2225 0.2 g, N 0.9%FALEAH K, 10%AT4141%)
Wi, 3500r-min! B0y 15 min, AR E UL
5E MDA #1 SOD 7K, 455 W3k 8. HXIIEZHAHLEL,
FiRIZH ALT. AST A1 MDA /KA B EMT s (P<
0.01), 1M1 SOD 7K~ E T (P<0.0D), #R
X OB R 5 S SD K RUAFIE ™ E s, XER
PERFR A RHE 2 — ), SR AR, Bk MPP-THP-
NPs fikf &4 MDA TLRFEMWZERI, SHAH
ALT. AST Fl MDA ¥ &35 PEaiil B35 1% R R (P<
0.05.0.01), SOD it 35 1 Bl & 3 M 7+ (P<<0.05.
0.01), R\ SLHLAHAA ARG IR ER . 5
THP ZHAfEt, PP-THP-NPs 41 ALT. AST. MDA #1
SOD HAEEMZER (P<0.05. 0.01), £ PP-

THP-NPs 3458 | THP SPEMHG R 1EH; BE
MPP-THP-NPs 7l & 131 ALT. AST A MDA 1
bE2 FF%, SOD B3N, RIHFIRE . 5
PP-THP-NPs #HAHLL, MPP-THP-NPs 7577 41 1)
ALT. AST. MDA 1 SOD ¥JH A B EMEER (P<
0.05. 0.01), #H] MPP-THP-NPs =i 4545 {4
{E 4L T PP-THP-NPs.

2.12.5 & 2H K B B U v 5 g5 R A
120 X HRZHK S4B Ae BRI o,  HEZIRESE, R
LIRS A SEAH IR s AL ZH K BRI 2 2
ALK E IS, IEH 4R Sk, HESIZEL,
JFH 2 HE ;s N- B =R 4 HE 7 B
M, KA IR K JREAMIRIE, £ N- LB
RSB IE YT SR &3 THP A1 PP-THP-NPs £ — &
FRPE Bl 7 H A, (B ETS LA,
MPP-THP-NPs K. 1 w7 5 2H B A 4 2450 o i) 4
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#=8 KIUAKR ALT. AST. MDA 1 SOD &R (x £s, n=8)
Table 8 Results of ALT, AST, MDA and SOD of rats in each group (X s, n=8)

ZH 5 7l &/(mg-kg™") ALT/(U-L™) AST/(U-L MDA/(nmol-mg1) SOD/(U-mg™)
pupiis — 66.161+6.28 98.25+8.11 0.37+0.04 188.15+9.99
TR — 201.75+19.24™ 240.16+18.14™ 0.72+0.09" 109.12+8.13*
N-2.B e s — 78.28 +7.95% 117.90+9.66" 0.50+0.03% 153.77+£7.45%
THP 30 139.43+11.57% 155.83+11.19% 0.56+0.06" 126.46 +6.85"
PP-THP-NPs 30 108.89 = 8.237AA 128.02+10.73#44 0.47+0.08% 137.39+7.79%
MPP-THP-NPs 10 138.06+10.12# 162.75+ 14.05% 0.61+0.07 129.07 +8.03*

20 95.42+8.30"M& 133 448 5204 0.450.04% 144,18 47 827
30 80.11£6.95#40&& 113 3648 77480k 0.41 +0.05%40& 156.91 7 46#8a&

L “P<0.01; SRR *P<005 #P<0.01; 5 THP 4HHE: 2P<005 2P<001; 5 PP-THP-NPs ZHLUE: €P<<005 &4P<0.01.
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