F8 B 2026528 $57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4 « 1275«

CTP 12i6 S8 I KRV B UL RAER E O ERIP1ER

T R, KO, HROFT
LR R RER, 327 TR 110032
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Optimization, characterization, and evaluation of myocardium-targeting CTP-
modified tanshinone IIx micelles for cardioprotection
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Abstract: Objective To construct and optimize tanshinone IIa (TS IIa)-loaded micelles modified with a cardiomyocyte-targeting
peptide CTP (APWHLSSQYSRT) (CTP-Ms/TS 11a), optimize their formulation, and evaluate their physicochemical properties and
cardioprotective effects in vitro. Methods CTP-Ms/TS Ila were prepared using the film hydration method. A Box-Behnken response
surface design was applied to optimize formulation parameters (Soluplus concentration, TPGSio00 concentration, hydration
temperature) with encapsulation efficiency as the evaluation index. Particle size, { potential, and morphology of micelles were
characterized by dynamic light scattering and transmission electron microscopy (TEM). Critical micelle concentration (CMC) was
determined using pyrene as a probe, and storage and serum stability were assessed. Cellular uptake was investigated in H9c2
cardiomyocytes by flow cytometry and fluorescence microscopy. In an isoproterenol-induced H9¢2 injury model, intracellular reactive
oxygen species (ROS), mitochondrial membrane potential, cell viability, and apoptosis were evaluated by DCFH-DA, JC-1, calcein/PI
staining, and CCK-8 assays. Results The optimal preparation parameters were determined as: formulation volume 5 mL, Soluplus

concentration 12 g/L, TPGSio00 concentration 5 g/L, and hydration temperature 40 ‘C. The CTP-Ms/TS Ila prepared under these
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conditions (with membrane materials including TS I1a, Soluplus, TPGS1000, DSPE-PEG2000, and DSPE-PEG2000-CTP) achieved a high
EE of (90.64 £ 1.01)% (n=3). The micelles exhibited a particle size of (89.30 + 0.76) nm, a { potential of (—0.033 = 0.150) mV, and a
critical micelle concentration of 42.8 ng/mL, with good stability. Compared with non-targeted micelles, CTP-Ms/TS Ila exhibited

significantly enhanced uptake in H9¢2 cells, more effective ROS scavenging, restoration of mitochondrial membrane potential, and

improved cell survival. Conclusion CTP-Ms/TS IIa with stable physicochemical properties were successfully prepared, and their

cardiac-targeting and cardioprotective potential were verified by in vitro experiments. This work provides a new experimental basis

and potential delivery strategy for the application of TS Ila in the prevention and treatment of cardiovascular diseases.

Key words: tanshinone IIa; cardiomyocyte targeting; targeted drug delivery; Box-Behnken response surface methodology; micelles;

cardiomyocyte-targeting peptide; critical micelle concentration

FHZWE N2 h R RIS e o,
F P2 11a (tanshinone I1a, TS 1Ia) fEANH FE
TEPEERAR, PRIOLR Z PR BUR SO ME R
PERITIAE) 20 IR AR, S A
CIBGibOR R SN EREpEEl o IV R E o R LNz R e L FT
AR LU E S OIEDIRE, 72 E O LR
(hypertrophic cardiomyopathy, HCM) FJ75 77 H FE B
RN NN TP R = T | PN 7 SV SRR B
BRT 2 RoCH IR R AR /K VM S B D IR A
M2 sh=Z HEUEFENE 5 51 K S A R WL,
TR FIRHE, TR R SRR R 40K 2
RGOV EERNE . Horh, PR AR
) “1z-58" G EE . BKTENAZ TEL B K
TERS SIS A SFEXEEIEZY); 2RKIER
Z. 1% (polyethylene glycol, PEG) {t7h5¢ | FEdE
SEAR 2 BO7K 7 Ok A AR R PR, 3t — Pl i A
AR BB ] B4R, AT SRR LE R AR A 2L
Rt e, WIRTHAYT IO IR R /L.
HAEEFEMLE, OWERPAK (CTP,
APWHLSSQYSRT) L IE S AT 4 57 P 25 O JUL4H
W RS2k, B R THEARAE O I S AL )35 5%
RN, BT, ARBFFUAR H BB g K CTP
BT 9K IR R, @O WD R 68 R 4
(CTP-Ms/TS 1a), LASZELFFZER 10a [ CoUL4H I
FENFEREEIL, AR “HROEE” BVRIT H BRI,

BT RS, AWK R K A1 ) &
CTP-Ms/TS 11, Jfid Box-Behnken ¥ it-Mi R vk
(Box-Behnken design-response surface method, BBD-
RSM) AL KBEAL T 280 [ R L )& C NIk IZ-23R 1R
LIETE-58 & —BEER L I (Soluplus) Ji K
Y4 E BRIIRIER SR £ B 1000 (TPGSi000) JFi 5
W KR ] RGERAERAI RIS € FAL.
15 - AR & (ceritical micelle concentration, CMC )
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(reactive oxygen species, ROS) J5FRAE 11 M Zehifk
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MR (R i3 AR AR KQ3200E A
FUIEYERs, BAIIR 150 W, TAESR 40 kHz,
Rl i A A IR A W] s RES2CS BUfieit 28 K45,
B SR A ER) s Litesizer 500 FUBOGHUR KL
FEA, BRI R (RED GRAH .
1.2 Zam5id

FFBH 1A XIS (T109795, J3Hrtie g, i
B =98%) FHE K (C104165, i &4 $=99%,
Cow) 7 N'E iR % (isoproterenol, Iso, L1044859).
4',6- X Pk A 2- 2K B W) W ( 4,6-diamidinyl-2-
phenylindole, DAPI, D106471), _igFTH: T A4k F}
F AR A FR A1 Soluplus (TZS35), & L H KA
F]: TPGS1000(57668) 75 57 2 /5 57 2 V6 (MAO110
JREIRE: HHER G 10 kUmL, MREE R
10 mg/mL), KIEXCEEARGR AR ; —hEE
ok 1 i T £ e -5R 0 1 2000-C TP ZE 46 75 2 i
AR IR 7645 (DSPE-PEGa000-CTP) ; pH
7.4 WEER MR (PBS). ROS iR 7 &
(CA1410). LR A M B Akt & (M8650)
CCK-8 7l & (CA1210), b ZEFEERHTARL
T); 0.25%EE AR (25200114), FE[EH Gibeo A ;
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245} 2.0 mg; DSPE-PEGa000 15 DSPE-PEG2000-CTP
PR SN 2.0mg. Hil& T2WT: MR
i [ 52 B 2B 11a. DSPE-PEGaoo 2 DSPE-
PEG2000-CTP, LA K ARYE 3 K2 3 /K- Faeai s it i
5E 1145 2 FA & Soluplus 5 TPGSio00, L Ti&E & H
b Tl 28 AN FIRUR ZEBRIE A, ERRTE R
BIs1E . BEJE, N 5SmLPBS, T4 e /KILEE
T AL A B KA iV . TSR TR A E
J&i, 18 0.22 pm FRFLIERESEE, WERIEW, HIfS.
K AR FEI 5 R S AP S 0 1. 75 H
RH (blank-Ms), I DSPE-PEG2000-CTP
S A R (Ms/TS 1a), KPS Ua B3 &
TR MRICRE R (Cou-Ms).
2.2 CTP-Ms/TS Il &b 51tk
22,1 FHEBIRERE & HL1.00 mL blank-Ms
BT 5 mL fREEIRT, IMADERE, &85
R ERZZE, REGEET 4 CEIRTT, %
222 AR B 1.00 mL CTP-Ms/TS
Ua FERE T S mL ERAESF, IIANEEHEE,
A G EREZE, RAFET 4 CEOLAR
17, &H.
223 XTHRAERIGH] & AERRECH PSR 1. XF
PR BE, FRERIEN 0.10 g/L. PAMLEERIK
R B R B R TAEWR, FREIRE 55008 0.5,
1.0, 2.0, 4.0. 8.0. 10.0mg/L. T EHRIIE 4 C
NEEOGIRAE, A
2.2.4 HPLC il 204 SR AR RIS =y 0RAH
A48, Bk~ Ultimate XB-Cig (250 mm X 4.6
mm, Spm); PLAME-/K (851 15) Niahtl; AR
i 1.0 mL/min; #:E 30 °C; MK 270 nm;
BEFER 20 pL; SR T XRS5 CTP-Ms/TS
T PRt V3 R 5 P LI 1
225 LREMEFEE KBS U 0SSR T
WA AR, 7 B EIEKER abr, &
DB 1. Bl BAsE e T4, HIEREEIEN, &
B ITER IR AR R PHS A 000 E BA R 4T
() JE 1k
22.6 LMEXRRFELE W “2247 WUF G
XF42.2. 37 IR R B PSR 1A 5 HE b AL 4T
PARFNPHSHR Ta XoF RE Sl V0 110 0 A P A R A A
(XD, XFRIFETIRUNAALEFR (V). ZeihilbrdEih £,
HATERYERNE, 154 FIHTFE Y=159 159.00 X+
304.95, R2=0.997 5. &5 5REK W, PFSHA a1 0.5~

A FHE 1y |
B FHZH 1, |

S S e
t/min
El1 S U RMBR (A) F CTP-Ms/TS 1a ik
Al (B) B HPLC
Fig.1 HPLC chromatograms of tanshinone Il reference
substance solution (A) and CTP-Ms/TS Ila test sample
solution (B)

10.0 mg/L Z&1 ¢ R R 1F .
227 BORBEBRNE 255 kT EET
B RN E . RHE RS (Sephadex G-50)
IS, 4iA HPLC ¥EHTINE . B CTP-MS/TS 1A
e ARV 0.5 mL & 5 mL s, FEEE 2, i 0.45
m PFLIEIE, AR IEVR, A ATV Sy
WHEHIEWR 0.5 mL B T Sephadex G-50 B AT TR #E
BN 0.5 mLPBS ZZlde it 1 I, & Huelim, H
BEERZE SmL, i 0.45 um MFLIERE, UCHEIE,
B RE VA . 1R “2.2.47 T iSRS
T, SR A FT SV P2 A T AR,
SRt EaEE,

B % =R FF S a5 B AT AT FF S 1A &
2.2.8 KbUTRIE 7R AR GESCHR RS R TS
FFEAE F, ABFFTIER Soluplus FiEIRE (X)),
TPGSi000 JAEWE (X)) HKMWEE () NAL
i, HIVEXIE2 58 X 6~18 g/L. X2 2~8 g/L.
X5 20~60 C. UJISHE TaBEE (V) AN
5, K H Design-Expert 8.0.6.1 % A4 7 M 3 [ 55 784
HFATG M. LA EATA SEIR A 7R [ 8 LA TR
SmL [4bJ7 RS N 3EAT o HARSZES 2 HE S5 e 45
W2 1. FIF] Design-Expert 8.0.6.1 #AEHL & 7 FE 40
T: Y=91.33+820 X1+8.74 X,+0.48 X3—12.28
XXo+12.52 X1X3—1.51 XoX3—17.90 X2—7.08 X2 —
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Table 1 Experimental design and encapsulation efficiency results

5 Xi(gLl™h) X/(gLl™) X/C Y% |IF5 X(gL™) X/(gLl™") X3/C Y% |JF5 Xi/(gL™") Xal(gL™") X3/C Y%
1 18(+1) 2(-1) 40(0) 7532| 7 6 5 60 4256 13 18 5 60 86.57
2 12(0) 2 60 (+1) 71.78| 8 12 2 20 (-1) 65.66| 14 12 5 40 92.63
312 50) 40 9282 9 6 5 20 68.77| 15 12 5 40 89.17
4 6(-1) 2 40 3691 10 6 8(+1) 40 81.95| 16 18 8 40 7124
5 12 5 40 91.71| 11 12 8 60 83.24| 17 18 5 20 62.69
6 12 5 40 90.33| 12 12 8 20 83.17

8.29 X5?. AR F{HIL 68.78, XN “Prob>F” w2 HESWER

esINs AL 0.01% MR YT BENLIE S, 150 I A Y Bk Table 2 ANOVA results

B m R, A ERNALEL R, e FERE PR AmE B F P

HER, #A P<0.0001, AEWEEME, FE X- 1EEAY 4407.95 9 489.77 68.78 <<0.000 1

Xou X]XZ\XIX:;\X]Z\ X22\ )('32 %E%Iﬁ (P<0.001), X1 538.41 1 538.41 75.61 <<0.0001

oI T A SR S 2, R R2—0.988 8, FL T X 611.28 1 611.28 85.84 <<0.000 1

R*=0.852 6 5% R2=0.974 4 I Z(EHT A FE ﬁXz 60;?2 1 60;?2 Sgif <32§3f

'Z[‘Ej ‘(#&u%ﬁ<9'zj‘jm%§ﬁ’i@)j L XX 627.25 1 627.25 88.09 <<0.000 1

RS HLA AR, PG ) 5AREIIERL. Ht oXs 9.15 1 015 129 02943

T, AZ SR AR R AR A S Rl AR AL B 3 AN P 134849 1 134849 18937 <0.000 1

R R, (EiE T 18 F BB 23 4t CTP-Ms/TS X2 21112 1 21112 29.65 <0.0010

I Kb T RTAT M . T7 2250 BTt R LR 2. X3 28926 1 28926  40.62 <0.000 4

{F] Design-Expert 8.0.6.1 2% KR o g 49.85 7 7.12
(61 147 == 2 ) 7 T R A e 2R I, DLW KA 40.13 3 1338 550  0.0665
a2 9.72 4 2.43

Soluplus FiEIWKE (X1). TPGSi000 A EKE (X2) =
MEE  4457.79 16

SARMRE (X)) SRR EERNZEAEM, 4R

W 20 0 EIFRBEAT BT, ARG SEPRIRAEIS DL, TPGSioo0 BIEIKE 5 g/L, /KALIESE 40 'C. DSPE-

BRAERIAETT N Soluplus FIEIKIE 12 g/L, PEG2000-CTP 2 mg, DSPE-PEGag02mg, FFZ:0 11a
=t =3 R B S — T
90 | —1—

e A
7. X

N () KT 28 xeL BT 285 KL

=

Y%

X3/C

15
Xi/(gL™h) Xi/(gL™h) X/(gL™)

B2 xi5x X15X. X5 XHREERMRREEERZMM = EY N EENSFSKE

Fig. 2 Three-dimensional response surface plots and contour maps illustrating interaction effects of formulation factors

interaction between X1 and X2, X1 and X3, X> and X3 on micelle encapsulation efficiency




F8 B 2026528 $57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4 « 1279 «

2mg, WJ7ENSmL.
229 IESER N T UEHF A B R B &
CTP-Ms/TS 115 &b 5 A BE, 4% IR0 3 ik
CTP-Ms/TS llao FFill5E CTP-Ms/TS 11a B LE 2,

GERY N 91.78%. 89.87%- 90.26%, ¥k F
N (90.64+1.01) % (n=3), STMIME 91.33%H
i, RAFTEFERIL T T EE.
2210 JRHRIFARMME s I7FAT 6 &
3 #it CTP-Ms/TS 1Ix IR (HHik 5 mL). [l 5@ 4b s
%: Soluplus Dﬁ%/i&}ﬁ 12 g/L\ TPGS1000 Dﬁ%ﬂ&)ﬁ
5 g/L\ DSPE-PEG2000-CTP 2.0 mg- DSPE-PEG2000 2.0
mg, FFSHi 1a2.0mg. KR EIE KL%
¥ BRI T T, 8T BRI TR oE B
JE5, BIA 5 mL PBS T 40 CHF/KIL, £ 0.22 um
ALUERE e, BA5. DU AROHE R Z R, 3 it
CTP-Ms/TS a RS E L BAKIKA 2.022%.
1.980%- 1.989%, “V¥J#ZiE A (1.99740.022) %
(n=3), GREW, ZTEEEML, BLERE.

AR =R A 2T B/ R T
2211 G541 K GraphPad Prism 9.0 #4
HATHEAE, FrEHIENX £s £ox. ZAMEL
BRABEETZESH (One-way ANOVA), FFif
35 7 247 Bonferroni BY, Dunnett 12: 55 /5 £ & LK
PR ZELIE) LR ARSI RE A ¢ A . LL P<<0.05 N2
S EB R EE
2.3 CTP-Ms/TS s BYERSMEM
231 KRS M RETHAIIE R EOLHU R
FEAC B HEU (dynamic light scattering, DLS)
W, T 25 CFlE CTP-Ms/TS I, iAo H
17 M2 BEREL (polydispersity index, PDD; [FAL
Wig Cofr. PrEFEMmIH 0.22 pm FALIERE T
Ja 3 UCHATIE . iR ILE] 3, CTP-Ms/TS 114 F°F
PIkifE N (89.30+£0.76) nm, PDI N 0.122+0.012
(E 3-A), R KRN AT —, HARRREAS MR
ARERE, CTP-Ms/TSTIA 1 § AN (—0.033+
0.150) mV (E 3-B).
FEE (B 4-A) AT, EEFHSE A JLT

I WK, BB A T CTP-Ms/TS 1la A¥

TEY— AR VA, A0 B BOE HE I e B g R
Tai_/mﬁlf“ (K 4-B); TEM WM&t EIR, CTP-
Ms/TS Ila 2K (K 4-C), HE—BUESRgek g ik
IR IR
232 JRHM CMC ll5E  CTP-Ms/TS Il 1) CMC

|

0.1 1 000 10 000

B {I/Hm
*200 -1 00 200
S EE‘U/mV

3 CTP-Ms/TS Ia FRIES (A) F1 LAY (B)
Fig. 3 Particle size distribution (A) and  potential
distribution (B) of CTP-Ms/TS I1a

' G
& o

4 CTP-Ms/TS a5l (A) RTIARIMR L&
JeB854, B) #1 TEM & (C)
Fig. 4 Appearance (A), Tyndall effect ( red laser
illumination, B) and TEM diagram (C) of CTP-Ms/TS 11a

K AR e ier g ar i e e, BRI AT

4 CTP-Ms/TS Ila B 47K IR BN 0.001~5 g/L
L2 ABEEE, RS AR S IR FE DN 0.6
umol/L [IEE, JREWT 25 C. WG T T4 12
h, PLORUESRET 78 RN TR R B /K X o B 5 7 5
SEHEETE Bl ORISR 1 RshE (1,
372 nm) 5% 3 RENE (15, 384 nm) PG IRE
FofE (/) FHLOZHEX IR AR R B (C) BT
HAER. CMC JE I E R 2 A2 X 52 A
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SEIGEE RN 5 fn, £iF5, CTP-Ms/TS 1l K
CMC y 42.8 mg/L, 1] DL G Jie a3k N A P IR F e
M B A1,

1.0 4

0.9 1

I/L

0.8 1

0.7 T T T r T - : r 3
-3.5 2.0 —0.5 1.0
1gC
5 CTP-Ms/TS IIs By CMC

Fig. 5 CMC of CTP-Ms/TS I1a

233 RIS K CTP-Ms/TS 1la
BT 4 CEOLRAELE 10%M64- M (fetal
bovine serum, FBS) ] PBS (pH7.4) 1, 37 CH#
A, %5 7d WHKZES PDI AL, S5 IL%K 3. 4
CH: FifEeh (89.80+1.20) nm 1S (91.90+
0.30) nm; FBS 4: #if2H (90.10+1.30) nm 3%
(93.20%0.02) nm. 2 4 7d PRLAZRIEIE <5 nm, PDI
TRE G, RILEERIUE, KPR TR
AR PRER I AR TR DR RE R B IR AR AR E M
T3 CTP-MS/TS I FRRTREMLR (X£s,n=3)
Table 3 CTP-Ms/TS Ila stability results (X £ s, n=3)
4 Ciy 10% FBS ) PBS (pH 7.4)
Hif%/nm PDI Fi4%/nm PDI
89.8021.20 0.079%0.019 90.10+1.30 0.065=-0.003
91.4040.50 0.08740.026 91.90+0.10  0.069=+0.002
91.5040.20 0.10040.023 92.100.01  0.07940.033
91.7040.05 0.10040.007 92.10+0.02  0.1010.007
91.8020.01 0.1090.024 92.2040.09 0.1010.017

91.80£0.02 0.113£0.006 93.10£0.05 0.107+0.023
91.90£0.30 0.1360.025 93.20%0.02 0.131+0.039

2.3.4  RRMRAMEREY R IE T 85PN
AR B ANEEIRAT A, BRI NS 5% 1L A4S
80 ) PBS ¥ AL 1 mL FIFFZ R TIa 5 08
TEVRFD CTP-Ms/TS Ua b, 2 N FHXT 707 i
A 8000~14 000 FIEHTREF, HRKHE T 20mL
BB . BRI R AE 37 *CL 100 r/min [
PEIRFIRY; . (EPURIS[A] A (84 16+ 24, 32, 40,
481 3 EURE 0.5 mL BEJBGH, I R 78 554 AH

t/d

~N O L AW NN~

WA R BAHIFIH B E 3 A PATRR. R
F HPLC VEMERE S FFSE Tl & &, HibE
) 7R £ IS 8] 55 ) 25 P R T B

PR AN = BRI 25 B 2 i 2

ZERANE 6 Fin. 1E 8 hisy, REEMNE ST
Z 1A BIES BRREIE A (25.17£7.95) %, 1M
CTP-Ms/TS A 204 (12.09+4.25) %; % 16h, Jif
S Ua 0 ZRRERIE R (53.541+7.40) %,
CTP-Ms/TSTIA 4Ny (16.54+3.26) %; 24h i, Jif
HAZE A W RERBEN (77.45£2.96) %,
CTP-Ms/TSIa 214y (23.33+526) %; 32h i, 2 41
[ BRI 5N (79.95+5.77) %1 (35.16+
532) %; % 48h, WEESFHSEH 1A B RBREHERE R
(82.374+5.05) %, CTP-Ms/TS Il 1) RAVEHCE
7 (62.02+691) %. LikgE R R, 5iFEFHSH
LA AHEE, CTP-Ms/TS Ila ££ 48 h PRI B 211 2%
B

100

-8 i S FHEE a
-8 CTP-Ms/TS I,

BBV Y%

0 L] L] ] I 1

0 10 20 30 40 50
t/h

B 6 EEASER A F1 CTP-Ms/TS Ia BORSNE R Z
(X+ts,n=3)
Fig. 6 In vitro release curves of free TS 11 and CTP-
Ms/TSIHIA (X +s,n=3)

2.3.5  JROREIRSMEL [F) PE P

(1) RCAREH AR A B4 BTPHZEE Dy AR
A6, PR A R OTO K EER
(Cow) 1ENTCHREARE LS Ta, LLIRHT AR
PR A S ECIB B S) o & JRETR ) 2 5 95 R “2.17 i

(2D 5GBTS I AT IUIE L« K H9c2 4H
JLEA 1.1 X105 ANALHE B, Feaf T 6 fLticd, HE
24 h J5¥ blank-Ms. Cou-Ms. CTP-Ms/Cou Ji %L
(KAl Cou BIZIKEIIA 3 pmol/L, LA blank-
Ms 1EXS I, B2 3 NEAL), k80 E 1h, DAPI
WEG G 15 min, A ZO6 B AEW 55 08 5 I
RN 7 FI3E 4 PR SEIRZERLEIR, o HRZH4n
MR WGkt BAHRFWESGEIE, 506
50 A blank-Ms<<Cou-Ms<<CTP-Ms/Cou, Wi
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Fig. 7 Representative pictures of H9c2 cells uptake

# 4 blank-Ms. Cou-Ms. CTP-Ms/Cou FIHEXI A58 E
(Xxs,n=3)
Table 4 Relative fluorescence intensity of blank-Ms, Cou-
Ms, CTP-Ms/Cou (X +s,n=3)

3 Cou/ AERT 9 i
(umol'L™Y) 5 B s Vil Ik
blank-Ms - 0 13.10£0.40
Cou-Ms 3 27.69+341 117.67%£9.61

CTP-Ms/Cou 3 48.71+£3.22" 232.33+11.02""
5 Cou-Ms 40 H0E:: *P<<0.01 **P<0.001.
“P<0.01 "™P<0.001 vs Cou-Ms group.

it CTP BRI IR, AT R E 38 0 H9e2 4 XT 241
BRI

(3) WA ACE R R EIUE L 4R
(RS [E EIR 59, HOe2 4UMTE & 23 g e vh i 95
1h 5, A PBS ¥ 3 &, JHEH 300 uLPBS &
2, SR GH M OGN 2 S A0S A1 Cou %6k
SEFEANPE 8 FIR 4 Fror. i aRgu MO e 45 1 5
eI TAWBE M S22 A — B, kPR AE CTP (&1
i RRT DA 2659 5 %5 5 7F H9e2 4 & L
2.3.6 if. SRR EASEES A HOc2 (LA LA
1.2X10* N/ALIE FEEMT 96 FLH, 37 C. 5%
CO 557 24 ho A 2HACIRINTT . XHHRALIDN IE & 5
FREE, BRI NN ISO (1 mmol/L, 48 h) FE 745
PR TSl 1. AR SR i N7 2
FFSHR Wa; Ms/TS 1a ALERRIZH LA B n A\ FE#E
MR CTP-Ms/TS la 4L ERE R 41 FEmd - on
A CTP EIEE MR RH (FHSE Ua WEH 2
umol/L). Z4¥I{EM] 24 h J5, K Calcein-AM/ PI

CTP-Ms/Cou
Cou-Ms
|
y ‘
/N
yr \ Blank-Ms
- \
—— Ty
1 10 100 1 000 10 000

FLI-H
8 MMM IREE

Fig. 8 Fluorescence intensity analyzed by flow cytometry

RUAAR T S B0 1 1P B e e 8 30 min, 7.
Bl F A ERERME T REREG. 6%
(Calcein-AM) ARiciF4iMe, £LE25¢5 (PD Friddt
YA, SeIGEE R 9 Fron, X HEAALE oy LT 4
NG N, FEANM LB A B ZH K AT
B, MR R ET R, PR B EE T R
s WS TSR U HACA IR A BT R %, BontFt
i Ua A5 B — 2 ONURIFYER; Ms/TS a1
TR A — DR, RIAROR 2 R v 4= 24
R, FTREIRNIIN T 2 v i CTP-Ms/TS
T FIACHN M R B A, FLR B AR T 07 2 S0 1A 41,
WESE CTP A2 AT i 35 38 9 PE2 I 1a 6O UL L)
AL RPN . E R AT LR 5.

237 HRAAEFRNE  RH CCK-8VETHT %4524
Y% H9c2 Lo UL R PE o 220 e 45 257 &=
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Fig. 9 Representative images of live/dead staining of ISO-injured H9¢2 cells

x5 LARBENTOCREFEEENNER (X£s,n=3)
Table 5 Semi-quantitative analysis results of relative

fluorescence intensity of dead cells (X + s, n = 3)

51 W /(umol- L") AEXT 2 ek
pagicl - 3.20+1.63
iRt - 49.84+5.11
TiE S FH S 1a 2 30.93+3.12"
Ms/TS 1la 2 26.74+1.67"
CTP-Ms/TS Ila 2 19.434+1.51"*#
5B L ™ P<0.001; 5UH#ES TSR 1, 4 A #P<0.01.

P <0.001 vs model group; #P < 0.01 vs free tanshinone Il group.

[F“2.3.67 11, Fre ik 5 AL, UAEZi91 DMEM
BrIR N AS AN . dREERE % 48 h R LWL
FLIIAE 10% CCK-8 HI#r s 72 100 pL, &G
BE 2 h, BEFAMX 450 nm ABEROGE (4) {E.
ZERNFEK 6, TIGLE R —IPAESE CTP &1 ] 1Y 58
FHZR TLa X6 Co L2 AR P B ) £ A 3850

AMIAFIE R =A A sz

®6 B HI WREFEUELR (X+s,n=5)
Table 6 Viability determination results of H9¢2 cells in
each group (X +s,n=15)

HEE S A

20 51 WP /(umol-L1) YHAE S 2/ %
X i - 100.00+3.45
it - 55.04+4.11
TEE P21 1a 2 65.31+2.46
Ms/TS Ila 2 74.82+4.88
CTP-Ms/TS Ila 2 81.1247.73**#

SRR ™ P<0.001; HUFES SIS s A EE: #P<0.05.

P <0.001 vs model group; *P < 0.05 vs free tanshinone Il group.

Ms/TS II5 CTP-Ms/TS II5

2.3.8 AN ROS /KRS0 (DCFH-DA
geftyk) ¥ H9e2 4HAE LA 1.1 X 104 AN /FLI 2 T 2
T 96 FLIR, K575 24 ho 720 Kegh 2577 00A1“2.3.67
Wi ZiW7EH 24 h J5, FEE3E9R%, KH ROS K
) G R U B B D R e e, SR TR
RHMEE N RERIE . i g R 10 frox, Xt
FR AN AR F5 SR €5 G o AT 2 2360 5 e 5 FE I
ETE, PR EA PR S I A Ui P
A HEREHOE T, RUPHSEN Ua A5 B A ER
ROS IGE /1. Ms/TS Iy H &5 —2 T %, &
71 H R 24 R G0 24 G R o (EAE R
&, CTP-Ms/TS Ia 7% R B K TR (P<
0.001), . EET Ms/TS I, 41 (P<<0.05), {E5L CTP
BRI R AT R E S S S T 75OV A
ROS i&MRH . &N ILE 7.

2.3.9 BRAMKELRARBHEA (APm) BEJIVFHT
(JC-1 Jetiyh)  4UMALER 28255 A F “2.3.67 Ti
T ZWER 24h 5, 37 1IF, FRLORAR I B AT AS
AR & VLR 1 1 SRR e t, STEDFE1E 580
BAEE N RERG . 460t J-REM) Rt
IR AW IEH; SE0OE (J-HK) FRIR AP R,
FIH Image J 15 41/48 58 6 HUAA (Red/Green) LUE
B AV K. SSIRgs R 11 FI5E 8 B, X
HEIRFE L OREN, SRR A IR
PRI ZH 23 (¢ G 0 3 9,  Red/Green {H -5 X HE4H
AL 35 R BE (P<<0.001), F M ISO i Sk A ™
HENAL: USSR 1A 240 Red/Green 1H 1S A 1k
52, UESEPH S 1A A5 W] 73 H0 I BeoRAR 45145 s Ms/
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PRI FEETY W FHSEA T Ms/TS 15 CTP-Ms/TS Il

10 CTP-Ms/TS I 75 ISO S H9c2 4AAIA ROS KIS R K MEE H
Fig. 10 Representative images of efficacy of CTP-Ms/TS Ila in scavenging ROS in ISO-injured H9c2 cells

%7 XN ROSKEEE (X+s,n=3) TS I 40 Red/Green {Hit—H42TF, SRR AL

Table 7 Relative ROS quantification (X £ s, n=3) A EFFSEE A 2R F37 6 /7; CTP-Ms/

205 B (umol- L™y AR BE R TS 1A 21 Red/Green {853 & T 257 F 200 11, 4

xR - 23.8542.23 (P<<0.01), B CTP &Ml IR 2 3 18 50 P S i
1A - 62.13+2.55" T BE AL O UL R . 455 AWm F25E [1RE

WS 1A 2 53.26+2.49* 3 it
=+ * N
et : bty D LB A9 2R B AL TP, Horht HOM
~. S A h _— N Y — » 245 = s )
R AT VRO D RER RS AN S R PE A, TN E KA

5 CTP-Ms/TS Il ZH L : *P<<0.05 **P<<0.01 ***P<C0.001.
*P<0.05 "P<0.01 ""P<0.001vs CTP-Ms/TS Il group. e T AR . HCM Fr A% Codos BEURFAE R I 0o UL P

£

]

e 3 e iy o \
pagiict i) WS PFSH 11 Ms/TS I,

11 CTP-Ms/TS A ¥k & 1SO iFS HIc2 MHAELRIIF AVn IR T M LB ERE
Fig. 11 Representative confocal images of mitochondrial A¥m restoration by CTP-Ms/TS 114 in ISO-injured H9¢2 cells

S i B K P R A A2 1) B B A A S A R A 119200, TRITIRAL T B IRNS . fEEIE ARG, RS
A FA R OHUEE AL CTP B P20 A R B T ARV 3 80 A PR B R BR Y, R
(CTP-Ms/TS1a), i P FfR R AV RIE S0 Soluplus/TPGS 000 FIEERT “A%-587 SEMI A SZHL T
ik 2 KB, NEET RARTEMER O IR S sk, @it BBD-RSM flift, R %
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R8 A/FRNBELLENEESH (X+s,n=3)
Table 8 Quantitative analysis of red/green fluorescence

ratio(X+s,n=3)

215 W JE /(umol- L) HEXT 2 i
of HEL - 2.60+0.18
e - 0.77+0.06™*
RS FHZ I 1A 2 1.06+£0.017##
Ms/TS IIa 2 1.4440.05%#
CTP-Ms/TS Ila 2 1.6110.04###a0

EXHRALERS: " P<<0.001; SRR LLEL: ##P<0.001; S
FHSE M, 4R 24P<0.01.
**P <0.001 vs control group; *#P < 0.001 vs model group; 24P < 0.01

vs free tanshinone I group.

(90.64+1.01) %. Kif%d (89.30%0.76) nm AT
P ¢ AL (—0.033+0.150 mV) [IFRAEERE. %A
SR IR T RMRE I R RIAEF - Soluplus #2441
H B4, HHEE K @2 S A 1
H1ERE JIA R s TPGS1000 4EAE R E Bi/KBET -
n HERR L /KAE IG5 5 P S 1A SEBRES M 45
&, WEIRTTEZGERY, 40 CAILIRENRA S T H
HAEH) S5, A, 42.8 pg/mL ) CMC T F1A &
PaRa sz iy =37 L RO EAY vl e (1 Ve ek C =X VA
A R PR 2R 2 A AR e M, AR WL
K KAEAE 5 PEG 25 18] K& g 50N 1) iy ] 123241,
FHEE T SCHRFRIE 5 B L T oG VA I 1) 5@ 1
Zx1 T AR B NG JAA 55, AT 72K H ) Soluplus/
TPGSio00 R RIEE 2G5 R M il & T 20075
R sE A A

KT SAREOHE T KA CTP M-S E3)
BUIE) S0 . i8IS DSPE-PEGao0o-CTP K ¥ [ Fit A4 4
E TR KM, SCIEARDRe izt w4l
RE T BB s R—FER W, CTP BifiRE
BT HOc2 X R AR B U o i 1 H
RN, 5 SN i I 3 4 A i SR Bt — 2P I8
iE . 7F 1SO %5 S H9c2 Lol i f i ik A vy, CTP-
Ms/TS I I 525 ORAP RU8 . 2N ROS 15 FR:
CTP-Ms/TS 11 41 ROS /KPR 4 3 2 A%, H
THRR R R TR RRARTIRE AT : AV
ANES O i AR AT E =TI Eay kNI S R
A RIKE

TR, A ARSI R
TIE Lo JIE S ) 0R SR N 2GR0, ARSI LR
WA JG s TR, BIE T —B BT LT . 25
L FTIR, CTP-Ms/TS 11 383 44K fise 7 -5 4 1) K 1 B

[FVCTt, ok 7 PFZE Na B KIS 5 ) P XE R,
FEARANE S B2 25 OO LR [ S5 S R RN %3
g 24 R AR A AR A TS, AR
N HCM Z& LS IR 16T R BT IE #

Fl@AFAR FIAAEH ) FRTAEA BT R
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