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Abstract: Objective To prepare osthole thiolated nanomicelles (Ost-SH-NMs) and evaluate its oral pharmacokinetic characteristics
and protective effects against doxorubicin-induced myocardial injury in rats. Methods The formulation process of Ost-SH-NMs was
optimized using single-factor experiments combined with Box-Behnken design-response surface methodology. Transmission electron
microscopy was used to observe the microstructure of Ost-SH-NMs, while X-ray powder diffraction was employed to analyze the
crystalline state of the drug. The solubility of free osthole and Ost-SH-NMs was measured and compared, and drug release behavior
was evaluated by in vitro dialysis. Free osthole and Ost-SH-NMs were ig administered to SD rats, and blood concentrations at different

time points were determined to calculate key pharmacokinetic parameters. A rat model of myocardial injury was established via
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intraperitoneal injection of doxorubicin. Rats were divided into groups and treated orally with either free osthole or Ost-SH-NMs. Left
ventricular ejection fraction (LVEF), left ventricular fractional shortening (LVFS), and serum levels of creatine kinase (CK), lactate
dehydrogenase (LDH), CK-MB, superoxide dismutase (SOD), and malondialdehyde (MDA) were measured. Histopathological
changes and fibrosis were assessed using hematoxylin-eosin (HE) and Masson staining. Results The optimal preparation formula for
Ost-SH-NMs was obtained: A ratio of distearoylphosphatidylethanolamine-polyethylene glycol 2000-thiol (DSPE-PEG2000-SH) to
osthole of 10.3 : 1.0, an aqueous phase volume of 19.5 mL, and a hydration time of 1.9 h. The optimized Ost-SH-NMs exhibited
encapsulation efficiency, drug loading, sedimentation rate, particle size, and zeta potential of (87.60 £ 0.92)%, (7.83 £ 0.07)%, (4.17 +
0.22)%, (66.95 £ 3.87) nm, and (—22.07 + 0.82) mV, respectively. Microscopic observation revealed that Ost-SH-NMs had a nearly
spherical morphology, and osthole existed in an amorphous state within the nanomicelles. Ost-SH-NMs significantly enhanced the
water solubility of osthole, achieving a cumulative drug release of up to 87.19% over 12 h. Pharmacokinetic results showed that Ost-
SH-NMs increased the relative bioavailability of osthole after oral administration by 4.64-fold. In pharmacodynamic studies, compared
with the group receiving free osthole at the same dose (60 mg-kg), the Ost-SH-NMs group showed significantly higher LVEF, LVFS,
and SOD levels (P <0.01), and significantly lower LDH, CK, CK-MB, and MDA levels (P <0.01). Moreover, Ost-SH-NMs effectively
alleviated inflammatory infiltration and collagen deposition in myocardial tissue, demonstrating stronger cardioprotective effects
compared to free osthole. Conclusion Ost-SH-NMs significantly improve the oral absorption efficiency of osthole and exhibit

significant protective effects against doxorubicin-induced myocardial injury in rats, indicating promising potential for further

development.
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Fig.1 HPLC spectrum of osthole reference substance (A),
Ost-SH-NMs sample (B), and blank sample (C)
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Table 1 Effects of DSPE-PEG2000-SH to osthole amounts ratio (x s, n=3)
DSPE-PEG2000-SH 5t R 1 R H & tb (RESESTS BYE/% VLR /%
6.1 61.131+0.94 8.721+0.04 22.58+1.52
8.1 71.784+0.83 7.75%£0.12 14.9240.94
1021 83.54+0.64 7.511+0.06 5.611+0.18
121 84.35+1.40 6.55+0.06 4.231+0.09
141 85.66+1.29 5.69+0.08 3.64+0.20
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Table 2 Effects of hydration volume (X £s, n=3)

KAEML  BEER% RAEE%  DIEER%
10 70024094 6382008 521061
15 74444033 6742009 5234043
20 82.75+0.86 7.45£0.04 5.19+0.61
25 76271062 6.90%+0.03 4.82+0.56
30 72324015 6.50£0.07 5.25+0.34
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Table 3 Effects of hydration time (X £s, n=3)

KRG/ AER%  EAR%  TIER%
1.0 71.85+0.81  6.45+£0.08  6.68+0.77
L5 75.01-0.85  6.86+£0.05  5.01%0.22
2.0 84.04+£0.93 7404008 4724041
25 76.20£0.76  6.88+£0.03  9.11%0.78
3.0 72.67£1.32  6.50£0.07  13.6241.09
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Table 4 Effects of ultrasonic time (X *s, n=3)
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9 85.81+£0.61 7.63£0.07  4.21%0.81
12 87.04£091 7.794£0.06  4.98+0.71
15 83.69+£0.90 7.50£0.05  5.75%0.82
18 8220+1.04 7294008  8.65+0.49
21 76.02+0.81  6.994+0.08 12524093
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0.053 X, —0.093 X3+ 0.079 XX — 0.046 XXz —
0.081 X2X3—0.43 X12—0.25 X2 —0.34 X32, H R2=
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0.01).
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#&5 BBD-RSM ZHFEFRKTE., WItRLEE
Table 5 BBD-RSM factor level, test design and results
5 X XmL  Xh W% Y% Y¥% ODME | F5 X Xml Xh W% H% Y% ODfE
1 10 2 1(0) 20 (0) 2.0(0) 86.14 774 448 0.892 10 101 20 20 86.66 759 442 0878
2 g.1(-1) 20 2.5(1) 7069 777 1367 0 11 121 25 20 7937 612 437 0341
3 12:1() 15(-1) 20 7555 615 415 0304 12 1001 25 1.5 7485 6.73 6.88 0408
4 10:1 20 2.0 8783 790 452 0948 13 10 01 15 25 7519  6.76 819 039%
5 8.1 25(1) 2.0 7007 763 1194 0 14 8.1 20 15 7304 814 1337 0174
6 10:1 20 2.0 8596 772 463 0.881 15 121 20 25 7844 595 659 0
7 10:1 20 2.0 8791 787 465 0940 16 101 15 15 7348 657 694 0337
8 12:1 20 15(-1) 7968 614 422 0359 17 8.1 15 20 7269 789 1208 0279
9 10:1 25 2.5 7374 638 13.03 0.140
x6 HENDHER
Table 6 Results of variance analysis
GIH PR HeEE %y PR P | TH PR fdE W Ffi Pff
B 1.89 9 021 6720 <<0.0001 | Xi? 0.78 1 0.78 25091  <0.0001
Xi 0.04 1 0.04 12.14 0.0102 | X2? 0.25 1 0.25 81.01 <<0.0001
X2 0.02 1 0.02 723 00311 | X3 0.50 1 0.50 15833  <<0.000 1
X3 0.07 1 0.07 22.18 0.0022 | 7% 0.02 7 3.13X1073
XiXa  0.03 1 0.03 7.98 0.0256 | FHI 0.02 3 5.79X1073 5.14 0.073 8
X3 8.60X1073 1 8.60X1073 2.75 0.1411 | iz  451X1073 4 1.13X1073
X2X; 0.03 1 0.03 8.48 0.0226 | &A1 1.91 16
0.95] 0.95] 095
m 0.721 @ 0.721 @ 0.75
Q 048 ~048 20.56]
O 0.241 ©0.24; 'ff;if;;:';:;:z,:‘ j © 0361
0 0 "' 0.16
s | 25 5 25 |
20 - 12 Xy/h 2.0 01 2 " . 25
Xo/mL 158 : 1 10)'(11 158:1 ).(l X3/h* 1515 ’ 20 Xo/mL
E2 £EZx OD ERNREE

Fig. 2 Response surface images of each factor on OD value

JeTtmE AR S . 1E$ OD (& XEME AL
H¥r, 33| Ost-SH-NMs fHfE4b 77 T &N DSPE-
PEG2000-SH S5#/R TR HE N 103 1 1.0, 7KAH
A 19.5mL, /KERIE 1.9h, 7ESE T T OD
B KAE N 0.958.

2,64 LZHUE -FATHI# 3 4t Ost-SH-NMs, Il
SELE R 7, 52Fr OD EHIIE N 0.944 5T OD
{ELAH X ZE A N —1.46%, [R5 37 PR B30 2 A 20 T
SRR . Ost-SH-NMs PR, #2558, It
PR, Rife. PDIEAI Zeta LA 2054 (87.60+
0.92) %. (7.83+0.07) %. (4.17+0.22) %. (66.95+
3.87) nm. (0.085£0.007) 1 (—22.074£0.82) mV.

F=7 WIERWEZER (X X5, n=3)

Table 7 Results of verification test (x s, n=3)

Lk WEEY  HHERE%  UVIEFR%  ODME
Wt 87.40%057 7831006 4.17£025 0.941
HoH 87.0840.98 7.841+005 4231025 0.934
W34t 88324091 7.82+0.12 4.10£022 0958

Ost-SH-NMs #7121 Zeta HLA7 ILE 3,
2.7 TEM W28 Ost-SH-NMs Fh 57

HY Ost-SH-NMs J &3 100 uL %% 5 mL 4lifk
K, KB AR IR 3 min JEEUH, BRFEH 1.5%
BEESTREN (pH 6.5) Yuft, BT J5E T TEM M
Ost-SH-NMs W75, 255 WL 4. Ost-SH-NMs
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1 10 100 1 000 10 000

Rt /mm

-200  -100 0 ‘ 100 200
Zeta A7 /mV

3 Ost-SH-NMs K253 7 H0 Zeta BLAL
Fig.3 Particle size distribution and Zeta potential
diagram of Ost-SH-NMs

El 4 Ost-SH-NMs ;E&i% TEM & (X13 000)
Fig. 4 TEM diagram of Ost-SH-NMs suspension (x13 000)

IIEUE R AT, TESUEMERIE . BTl TEM Ffi
I FRET 2 TR RIS RE, i TEM WS I fL
B/INT RGN BIRLAZ
2.8 Ost-SH-NMs @&

% DSPE-PEG2000-SH 5 ¢ JK T & H & Lt
10.3 © 1.0 H&WEIRAEY, ERRIRA. 5
Ost-SH-NMs V&, NI EEET. K
XRPD 7243 HIXT e R ¥ % - DSPE-PEG2000-SH. 4
IR AW Ost-SH-NMs ¥4 T4 K HEAT i B 84T
A QOO TEH N 3°~457, FHHEE N 4 -min!,
SR 5. MR T RTE 5~ 35 WA Z FFIERT S
I, DSPE-PEG2000-SH 1X7E 19.6°. 22.8"Hi#i 2 4b
RIS . P)BRVE S 4) XRPD EIHEI A 2 F AT
R BN, SATHEN B A, RFRIK TR
s R R AR K. Ost-SH-NMs ¥y K ff] XRPD &3t
FF{V I DSPE-PEG2000-SH HIfiTHf &, dER T HRAT
PR, PR H T REFAS N TEE TEARAS

Ost-SH-NMs

A | Jl, WJ \ \ YR EY)

DSPE-PEG2000-SH

LIS N

0 10 20 30 40 50
20/()

5 HHES XRPD 4R
Fig.5 XRPD results of each sample

2.9 Ost-SH-NMs FT#l& . iafiE RIAINES
ME

29.1 Ost-SH-NMs #Fifil# T Ost-SH-NMs &
BTN 4%FU6E, EREET-40 CRUKIRIKAE
ik 3 d, BEEIFEAN-25 CHTHUAT, 2 d J5HIE
Ost-SH-NMs % T-¥} . Ost-SH-NMs JREH 514 T-HE
IR 6. VTR 2R A I aER, TR,
Ktz PDIMH K Zeta HIALZMH (85.914+1.04) %.
(423£0.17) % (72.06£5.02) nm. 0.08940.007.
(=22.15£0.77) mV. ST HIRERAHEL, HT¥
HRERR LR EEER .

El 6 Ost-SH-NMs (A). T4 (B) Fabk &Rt
(©) 53
Fig. 6 Appearance of Ost-SH-NMs (A), lyophilized
powder (B) and reconstitute sample by distilled water (C)

292 HRERNE BUdERAKTFRSNET
10mLpH 2.0.4.0.5.5.6.8.7.4 MR 22 % (PBS)
H, F 25 C/KIAHLL 600 r-min~! {7145 FE 48 h,

FLL 10 000 r-min~! B0 10 min, AR B AR KPR
TR VE, B BRI K RE A . [k
J5E Ost-SH-NMs 7£ pH 2.0~7.4 PBS AR,
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SERIE 7. WERT RIS pH PBS AL A
58~6.2 pg'mL™', Ost-SH-NMs NE& % 954~
102.8 ug'mL™!, A Ost-SH-NMs AJ ¥ 35 38 e R
TR IR

120 ~

*% ok kk Kk
100 A *:/-i—\l_/i—-—l
801 TR
60 - —+—Ost-SH-NMs

40 1

WMRIE/(ug-mL™)

20 4

’ 0 1 2 3 4 5 6 7 8
pH{H
HigR T RIERZ L : "P<0.01.
P <0.01 vs osthole drug substance.
7 BHLRBARENEER (X s, n=3)
Fig. 7 Solubility determined results of each sample (x £
s n=3)
293 RAMBEZIEOLLE. B IR 3 JERL 25
Ost-SH-NMs #THhds, B T#EMHEN S FiE
N 2500 MIEMTRS Y, (HlER TR S 2SN 10 mg,
JIA 4mLpH2.0PBS (& 0.5%SDS), FLEENTLE
P i I e TR B AN 1.0 L pH
2.0 PBS (% 0.5% SDS), #3434 75 r-min!,
MAFEE (37+£1) °C, F0.50. 0.75. 1.00. 1.50.
2.00 h A 5mL, FFEAMIISEE 2 BB . FE)G
BB/ E N 1.0 LpH 6.8 PBS(4 0.5% SDS),
ST 3y 4. 64 8. 12h [ENEEUFEIFANG . FFF 5

L 10 000 rmin~! B5.0» 10 min, K HPLC Ml%E &
&, S4RIWKE 8. 12 h i, WIKRTFRERZSE Ost-
SH-NMs 1) SRRV 73518 23.64%. 87.19%, K
B Ost-SH-NMs ] {2 2F e K+ 2% IR T8

100 1

80 y
- IR THR
= —#-Ost-SH-NMs
¥ 60 -
=
o
=T
B
20 A
0 T T T T T T
0 2 4 6 8 10 12

8 HEFRTFZE Ost-SH-NMs 4RI hLk
(x=*s, n=3)
Fig. 8 Release profiles in vitro of osthole and Ost-SH-NMs
(x £s, n=3)

2.10 Ost-SH-NMs & F# Mg Fia g 1t

HUH ) 45 1) Ost-SH-NMs T8y (576 PH Ak
D, A K E e BE 2R, TIRERER. R
2. PDI{H AN Zeta HifZ. # Ost-SH-NMs 1% T-#; &
T35 C. 70%EREEAES, 55T 1. 2. 3. 6
HHRERREN € &g iEbr. 4R WK 8, 5% 0
HHEE, 56 MHBHEFA N, vikEFEAE
Tt KGR K, PDIHIEARRAS, Zeta AL
SHEA BT FR, EYLEEEEER (P>0.05), &
B Ost-SH-NMs ¥ T-¥p e e 14 R 4F

#*8 BREMMIRER (x X5, n=3)
Table 8 Results of stability study (x *s, n=3)

B )/ A AR /% VLR 1% Fif%/mm PDI {H Zeta HLA7/mV

0 85.72+1.07 4.15%0.10 72.38+4.46 0.083+0.007 —22.90£0.68

1 85.801+0.94 4.1340.13 73.18+5.09 0.091+0.009 -23.09+0.90

2 85.13+1.16 4.07%0.16 72.90+5.98 0.084+0.007 -22.92+1.01

3 84.861+0.89 4.2440.09 74.56+4.71 0.079+0.008 —23.04+0.95

6 83.954+0.92 436%0.15 74.73+6.02 0.083+0.008 —22.75%£1.13
2.11 HBEIFEHAR IRFRID) ig %) SE RIS R, 73l T4
2011 SEI T E o RBIEK T RA Ost-SH-  245)5 0.25. 0.50. 1.00. 1.50+ 2.00. 3.00. 6.00. 8.00.

NMs i&@&, %80T 4 mLCMC-Na /KiE®R (&
3 0.5%) . BIfREWR, T ig #T 10 min AL
filo B 12 A SD K&, BENL 7 N IR T2 AT Ost-
SH-NMs 4, HEHMERMERF, % 60 mg-kg™! (Llig

10.00. 12.00 h ZHRHE 5 &K AEXM 0.25 mL, HidE
AR S A 3 500 romin! B0 3 min, B3 A ERAT o
2,112 BRI RS ) B MFE AR 3 fd FH HF
HIREIKE N 500 ng-mL FF R Eyf I8 S a W, 1
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BRI o A 2 BRI 5 R R P o) TR it v R
(500 ng'mL™1) %% 100 pL E L8 H, A 2 mL
NG, %, e 5 min. 10000 rmin! 250 10 min,
iR SRR e AT . B RIS, BT, TRl
I HEE 100 uL, %%, @75 Smin, ¥AHE 1 min,
10 000 r-min! B.C» 10 min, HU_EIS WA E .
2.11.3 IR0 R IR O ) SeAn e i 2 DL
1 ML S 1) PR - 2 T B R B 43324 1200 600+
300, 150 100, 20 ng-mL~" {2 5F IR A, 2505
=100 uL B T EOES, 1A 100 uL PRI
FEABVAT (500ng-mL™1), % “2.11.27 T K Jikit
P HFENE . DIBIR TR S5 MR muEmR L (v
RNMPAERR . BEPRF ZRIRFE (XD A AL bR AT 25 7]
I, B E 5 Y=0.002 4 X—0.040 3, »=0.997 8,
LR 20~1 200 ng'mL's

2114 LREMEZE WEAMEKER. WKTFR
JREIRFEN 20 ng-mL 1 L5 HE AT FH B
BN 500 ng'-mL 1) Al Ost-SH-NMs ig12 h Ifii 3¢
e (PHE M RN 500 ng'mL™"), %
“22.17 BUN G KT, BEEILE 9, KIKT
FOMPE B Wy o i e IR I R

Py
|

| A

|

” KT % B

I
L c
0 é 4 l‘ﬁ ;3 10 ;2 14 ]IG

f/min

9 MM (A). MENBRAR B) FZEHMER
(C) B9 HPLC &
Fig. 9 HPLC spectrum of plasma sample (A), plasma

reference substance (B) and blank plasma (C)

2115 WHEEEL DS HMREH R &IKE
4394 1200, 300+ 20 ng-mL~" B K i W (P
Ry W N 500 ng mLD), ESEHERE 6 7k, dE
RF = APy g A L RSD 40 5108 3.13%.
4.03%- 4.16% (n=6), RIIUIHEE L RIF.
211.6 HEMFELR HUREKREN 300 ng'mL™!
JREEFESD PFR i SR E R 500 ng'-mL™D), il &
6 AL AT, AR IR FFRIKEE RSD N
7.04% (n=6), RMUTTEELEMERLIT.

2117 FEMEHEE  HUREWREN 300ng -mL ! i

FERES (PHE B R SR N 500 ng'mL™D, 45T
0. 2. 4. 8. 12, 24 h ME Mg IR 2 APF R Byl i
L IR TR FUEIKSE RSD N 5.46% (n=6),
R MIRFE AR M R 47

2.11.8  FEHURICR AL RN B 58 Ui SR
3518 1200 () 300 ()L 20ng-mL™! (fiK) Jii
B (PHE B SR E N 500 ng'mL™), #%
“201.27 TR 7k £ TR A, e IR TR
AP B B T AR (415 HUAS LK 100 pL, $42.11.27
TR iR ERARHRIE , I ME PR T 2 A i 1y 5o HEd
aiG R, AR TR ES IR 12004 300,

20ng'mL™!, FHEE B ER SN 500 ng-mL!,
EMEIR TR AP B A (42, THE&E. .
JoT B R P T A A i P R BRI R (41/42)
I35 96.77% 95.19%. 103.20%, )5z Fy B Al
9 102.16%. BUERTRBEEWRET 1200, 300,
20 ng-mL " X ST GOANE 2R, FH R B ot sk
FE24 500 ng-mL™), 58 b R - 2 AP B e T
B4, EmE. B R ERER T =
N (A2/43) 53518 101.04%- 103.83%. 96.69%,
R R R AL N 101.45% 0 7] Wi% 7 VESR B E] s 2%
s R R ARR /N o

2119 ZigtEsi R WK TR A Ost-SH-NMs 3]
2R LK 10, 1 DAS 2.0 Btk s S A 6 Hdis
I3HT, BEPR T2 Ost-SH-NMs T H 24552 24 st 1
WK 9. SpRTRERZAH, Ost-SH-NMs ik
W] (tmax) SEMEZERS (P<<0.05), P (4)
W B PR (P<0.01), WEIRIE (Cuax)~ 2T HIZE
NTHFACAUC)- Fl AUCo-o ) B RE HEIE IN(P<<0.01),

1200 - IR TR
-8-Ost-SH-NMs

1 000 A
800 1
600 4

400 A

253 /(ng-mL™")

200 4

0 T T T T T y
0 2 4 6 8 10 12

E 10 #EKF R Ost-SH-NMs M 255K B -Af (8] g 4%
(X =*s, n=6)
Fig. 10 Profiles of plasma concentration-time of osthole
and Ost-SH-NMs (X x5, n=6)
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R 9 WERTEF Ost-SH-NMs FEHAHNESH (X =5, n=06)
Table 9 Main pharmacokinetic parameters of osthole and Ost-SH-NMs ( x £s, n=6)

ZH LA IER T & Ost-SH-NMs
fmax h 0.961+0.27 1.634+0.39"
2 h 2.77£0.53 5.74+0.81"
Crmax ng-mL™! 425.73+84.12 992.46+283.70™
AUCo~ ng-mLh 1039.48+289.86 4 824.35+960.63"
AUCo- ng-mL-h 1084.41+303.36 5008.15+1 050.78"

SRy R ERZ L "P<0.05 TP<0.01.
"P<0.05 *P<0.01 vs osthole drug substance.

AEOT R AT A= P FH B v 22 4.64 £ o B Ost-
SH-NMs X #¢ R F 2 R 2 8 247 A= A R K #
My, ELIEIN T e PR T2 A PRI
2.12 MEBEBRFSOARGBRBENFRIPIERHAR
2121 [IERFFONMAGEA K EY. B SD
K, % 3mgkg ' A& ip &ER, B2 Kipl &,
HAE ip4 W KIKIES 240 J5, RN ZEEN %
R RIEATRRIE, AV ERE T S5 058 6 7 12 W0
KR e = FL R 4 26 (LVFS) A e O Z 5
5340 (LVEF) B, @R PORE. BREH. K
FER IR, A LVFS<50%, LVEF<50%[%]
KA O LR AR AL 018191
2122 SR SIOWTHRAL. B, Rt
I CRHMEZ], 20 mg-kg ™) 4RO R 72 (60 mg-kg )
UL AR (3% Ost-SH-NMs =77 8414 DSPE-
PEG2000-SH fiI &, 618 mg-kg ') }% Ost-SH-NMs ik
E7E (30, 60mgkg™) ZH. WHERAIFIRAIHLL T
SE 0.9%FAENE, HASHKFIESLSE 2
J, BR1IKR. RIRGHAEEE 120, BERAL
Tkt - 2K BREAT BRI, AN ERR ] 5 J 48T FHEE P 12 I
A5 KSR IhRES L LVEF M LVFS. BEzhfkR
I 1.0 mL, 3 000 r-min~' &> 3 min, HUMIEME
100

80 1

60 1 HIA

40 1

LVEF/%

20 1

0.
X B RIE R MR 30 60
WH TR

XA 7P<0.01;

LVFS/%

Ost-SH-NMs/(mg kg ™)

LDH. CK. CK-MB. SOD. MDA /K*F-. BUH /20
HOMAL, (FH 4% 2 RFREEE 24 h, BREL
B, “HIOREHAARE, A ET R, 20
1T HE A1 Masson Jt, TGz Rl FAE L

I3 PR O AR
2.12.3 OUIEESEC KA LVEF.LVFS

Mg R ILE 1. SxAMt, BAHOThRES
¥ LVEF. LVFS ¥t % (P<0.01), iEH]
B 55 215 O LA A A 2 e Dy d S . LAY 2 AH
b, BRTHRIESS, K424 LVEF. LVFS 4% 5
HMETHE (P<0.01), YIS IINEE T 0I6E
¥ SR FRAME, Ost-SH-NMs 17 =411
LVEF. LVFS #J&EW4E5 (P<0.05), [fi Ost-SH-
NMs E7&E4 LVEF. LVFS SR EM it m (P<
0.01), KILHFIEAH M.

2.124 1% LDH. CK. CK-MB. SOD F1 MDA 7K
FIESE R SRNE 10, SHHBAMEL, iR
LDH. CK. CK-MB. MDA & # M T+m (P<0.01),
SOD & FFE (P<<0.01), TEHIRERIZ A FOAL
AT E, T A AN R ATIRAER22, i
RIZHAHLL, FRERIHSN, #%45254 LDH. CK. CK-
MB #l MDA #3#¢ i& EMFEIK (P<<0.01), SOD %
100
801 # AN

] #EA
60 i

40 1

201

0 %me Bl R4E SEER BE 30 60

W] FE Ost-SH-NMs/(mg-kg )

ERERAE R #P<0.01; HRIKFRALE: 2P<0.05 44P<0.01.

**P < 0.01 vs control group; #P < 0.01 vs model group; 2P <0.05 *4P<0.01 vs osthole group.

E 11 &EAR LVEF M LVFS &8 (X x5, n=8)
Fig. 11 Results of LVEF and LVFS of rats in each group (X £s, n=38)
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%10 HLEAF LDH. CK. CK-MB. MDA. SOD K¥ (x *s, n=8)
Table 10 LDH, CK, CK-MB, MDA and SOD levels in each group (X *s, n=38)
45 FlE/(mgkg™) LDH/U-L™) CK/AUL™) CK-MB/(UL™")  MDA/nmolmL™")  SOD/U-mL™)
X g — 202.03+20.12 504.35+48.17 54873 +42.71 2054026 201.60+16.54
it — 4335244205 7575848503  848.13+54.63" 8.13+0.55™ 47474555
RHCEF 20 253774£21.07%  564.38+53.10%  594.45+80.40% 3.53+0.39% 183.13+13 37
RT3 60 364.85+54.03%  65243+68.07% 762405514 527+051% 108.88 4 12.59%
A 618 41508+18.924%  72085+7638% 839624902244 7.884+0.28 50.5345.144
Ost-SH-NMs 30 310.58£30.57%2  63507+58.93%  705.63+44.57* 5134048 114.07+8.89%
60 26557436398 5453545516 58385445754 3 67403944 168354 11.87#4

SRR P<0.01; SHAMILE: #P<0.01; SRTRALE: 2P<0.05 *P<0.01.
*P <0.01 vs control group; #P < 0.01 vs model group; 2P < 0.05 2P <0.01 vs osthole group.

EMHAE (P<0.0D), RS AHER LI &
OIVEMRECR SRR ZE . SivRTRAML,
Ost-SH-NMs 15754 CK. CK-MB. MDA. SOD
B EEMNZER (P>0.05), {H LDH /K FEEMETF
& (P<<0.05); Ost-SH-NMs /75841 LDH. CK.
CK-MB. MDA. SOD ¥l # 4 F % (P<0.01),
FIH R A S

2125 FAKRRONAL HE ftaghiR 455 0E
12, XHRAROUAMHET RS, TR, A2

s 2 T =
iy a8 Ost-SH-NMs 30 mg-kg™!

Y T

NMs =il 4L S R AADR R 5

B O IAMIIATE, FRo O LS FIBIR, JREAM
MR LG B . RAE R0 L4 A HE 51 TR
B, JOREAIMIR T I AR . MR T R KRR R
TR AT IR FEIL R A5 B — L IR, JRTT L
IR o SR CoLEH 207 B 0 (R RO
L AR R AN IR FE K S I I 4 -
B4 Ost-SH-NMs &3 27380, NSRS
TRAP R 2 30, R 7RI A OGME, HoHh Ost-SH-

Ost-SH-NMs 60 mg-kg

E 12 REKR HE FEBLER (X200
Fig. 12 HE staining results of rats in each group (x200)

2.12.6 FAH AR L Masson Jegh B 45 1 LK
13, XTRRA N 23514 6, HEPE%H
o PRI R LTS A, T AL RR R O B
TR . RIS RIAH O HG LR A4 DTR I S
s . R WA MR JE A TR R, R
JTRURAEBR o PRI O WLZ S0 LI S 4T T AR
MG SCEE R E . B Ost-SH-NMs £5 24 7| 53
I, DR IR A 4EDTAR B G ORY RCRBE 2 38, 3
PLUHFEAM ST, H Ost-SH-NMs w7l & 45 Rt
1) 2L g B A 0 LA I LB R

213 GtESH

KFH SPSS 24.0 AT 04T, HdfE LA
X Es RFEoR, WL IEA A I 5 25 551 Wi 4L 1)
FOBCR TR A ¢ AR50, 2 4018 FLBCR SR 3=
T 45381 (oneway ANOVA), #RJ51# ] Tukey’s i3
ITHERLR, P<0.05 HEA M A/ REER.
3 it

YR I A % 7 VA B AR R B
5 T S BOE SR 2324, 1T 43 6 Ost-SH-NMs il
BITEHAT T %52, SRR BUE AR
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13 £LHKR Masson SEBLER (X200)
Fig. 13 Masson staining results of each group of rats (x200)

BB e, X 0] BEAE RONEE IR T % 5 DSPE-
PEG2000-SH ¥JHEA—EREENE, 2 FMHAEMER
Uf, WG 5 Aoy TRE TR A g8 465 S8R e,
M TE K B b R T i 5 /6 A5 52 1) Ost-SH-NMs.

IP PR T2 AE Ost-SH-NMs 1 i i BUIR S AR N
TEBLRES, mTeh=z S REER, FITi5H
VAR SRR . fR 4 Ostwald-Freundlich 7%, 24
VIRLEERT B B AR FE A IR OKREIA,  Ost-SH-NMs Fi
AL 70 nm, KRN T MR 7 2= BRI, A
A2 AR A 20 WA i, 1T e 1 HORE AR
1T H. Ost-SH-NMs B2 F2 0 & PudiBe 251 (0~
3h) MZERZW (3~12h), Pl S
HRIR /N e /NRAR AT IR T R SR A N A
SRR, MR TR AEROR NN TEE TR, fhls
WAREAK. B HRER, FITHPudREZ), W3 h A&
FRREIE 60%. 3~12h BEZGHCRIFE T, 12h R
TR 87.19%, AT fe PR i O e R 7 25 B3
AR IR % 5 DSPE-PEG2000-SH 2 [] (1) & 5
FanEA R, XGRSO AR B B BT, TR
I H G2 RERFAIE .

Ost-SH-NMs [ tmax 2 35 14 4L J5 , 7] §E /& DSPE-
PEG2000-SH i nl 5 B E = E &
PR X i sk, 3907 Ost-SH-NMs 7E26 )2
(kB 0 Jeiis BRI TRI0G1T) AR HA K45 24 &
g, BRI ERER), Fifi Ost-SH-NMs A]
A LU E SN MVRIERR, AMUPEAK T BImiE A
THALEE . pH H 50 I K T 2= ARE e R mm, [FRIB 7R
Ost-SH-NMs [ PEG £:4# ( H DSPE-PEG2000-
SH #2415 MIKIGHER TR 1, BAKCRIEIR
THEMZ55)547 4. Ost-SH-NMs X AR A=

VIR A s, ATRE LR IRIE: H—, Ost-
SH-NMs 048 T We PR 728 8. B9 7 W A6 5 R
R H T, RMSER] T8I HAE B iE Fz
(180 B 770200, ks> 20 B R, A2 3t 15 Mg M UAC 5
H=, kAN, nEdgnissgitis. IRFURIK
g5 M Y SR R AR S R RO T, BRI T
TRBR LN W PR - 2 A4 A RS ) MR o 7 IR PR 353
FEERR, SRT 2N . #8 CiiE,
YRR T 2R EA S BUR . BEIRE S, 9rKIRE IR
SEASEUP'S v P EE 7 Suab A st /P N
1.65. 1.38. 2.59. 3.29 f&1-121, KT Ost-SH-NMs
i) 4.64 1.

DSPE-PEG2000-SH A £ %o 2K B Lo JUL45: 45 A I,
PR ER, T e AR Ost-SH-NMs B &340 1
I PR T 20O 57 K BRI RS E A : — 5T, Ost-
SH-NMs FRILH L RERR mUF T 4R R RAKR A 2L
259, S IYE Y7 %08 55— 77T Ost-SH-NMs
AR TR T 2 AR I, AT HG 5RO ULOR
PAEM . ABEFAVET Ost-SH-NMs 2513 1E T
B S

zi b, AW T Ost-SH-NMs 4t J5 T. Z 0
FU, Rt TAER T2 IR, B9 T e 2
Bl 5% 2% 75 S DR K BRI ERIE R, R
5T BT Ost-SH-NMs 3441 T e R 128 44 P IR A,
JESETENT Ost-SH-NMs 2 8 1t K KA 5 1 34707
28291, 57 bk Ost-SH-NMs 1 FHLE] . B4k A 77
s R KRR e MRS R A JE I A E e, ATk
—35 3 E Ost-SH-NMs il 7T % Kl

MBEFR HAGEHEARELEFZFR
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