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Abstract: [ Objective] To investigate the effects of hydroxycamptothecin liposomes (LHCPT) on myocardial fibrosis
in rats with heart failure by regulating the sphingosine kinase 1 (SphK1)/sphingosine—1-phosphate (S1P) signaling path-
way. [ Methods] SD rats were divided into control group, model group, hydroxycamptothecin (HCPT) group, LHCPT
group, captopril group, and LHCPT+K6PC—5 (SphK1 activator) group, with 12 rats in each group. The heart failure rat

models in all groups except the control group were established by intraperitoneal injection of doxorubicin and then the cor-
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responding drugs were given once a day. After four weeks, we applied color Doppler ulirasound to detect left ventricular
end systolic diameter (LVESD), left ventricular end diastolic diameter (LVEDD) , and left ventricular ejection fraction
(LVEF) in rats; HE and Masson staining for myocardial pathological damage and myocardial fibrosis in rats, respective-
ly; ELISA method for the levels of tumor necrosis factor—a (TNF-a) and interleukin-6 (IL—6) in rat myocardial tissues ;
qRT—-PCR for the expression of transforming growth factor-B1 (TGF-B1), type I collagen (Collagen I), and type Il colla-
gen (Collagen II) in rat myocardial tissues; Western blot for the expression of SphK1 and S1P proteins in rat myocardial
tissues. [ Results] Compared with the control group, the model group showed severe myocardial pathological damage and
myocardial fibrosis, increased LVESD, LVEDD, levels of TNF-a and IL-6, expression of TGF-f1, Collagen I, Colla-
gen Il , SphK1, SIP and decreased LVEF (P<0.05). Compared with the model group, the HCPT group, LHCPT group
and captopril group showed alleviated myocardial pathological damage and myocardial fibrosis, decreased LVESD,
LVEDD, levels of TNF-a and 1L—-6, expression of TGF-f1, Collagen I, Collagen III, SphK1, S1P and increased LVEF
(P<0.05). Compared with the LHCPT group, the LHCPT+K6PC-5 group showed aggravated myocardial pathological dam-
age and myocardial fibrosis, increased LVESD, LVEDD), levels of TNF-a and IL-6, expression of TGF-1, Collagen I,
Collagen Ill , SphK1, S1P and decreased LVEF (P<0.05).[ Conclusion] LHCPT may inhibit myocardial fibrosis in heart
failure rats by inhibiting the SphK1/S1P signaling pathway.

Key words: hydroxycamptothecin liposomes (LHCPT) ; heart failure; sphingosine kinase 1 (SphK1 )/sphingosine—
I-phosphate (S1P) signaling pathway ; myocardial fibrosis
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Table 1 mRNA primer sequences of TGF—-f1, Collagen I and Collagen II1

Gene name Forward primer (F)

Reverse primer (R)

GAPDH CATTCTTCCACCTTTGAT CTGTAGCCATATTCATTGT
TGF-B1 ATGGTGGACCGCAACAAC ACAGCAATGGGGGTTCTG
Collagen 1 GACCTAGACAGAGATGAACT AATACACCACACGATACAAC
Collagen IIT CGATGAGATTATGACTTC ATTACAGAATACCTTGATAG

TGF-BI: transforming growth factor—1.
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Table 2 Effects of different concentrations of HCPT
on LVESD, LVEDD and LVEF in rats
(x =5, n=12)

Groups LVESD/cm LVEDD/em  LVEF/%
0 mg/kg HCPT ~ 0.22+0.01  0.48+0.04 76.65+3.06
0.25 mg/kg HCPT 0.21x0.02  0.50£0.03 78.12%3.11
0.50 mg/kg HCPT  0.210.01  0.49+0.03  77.26+2.98
0.75 mg/kg HCPT 0.22+0.02  0.50+0.04 78.06+3.01
1.00 mg/kg HCPT 0.20+0.01  0.48+0.03  76.65+3.02
1.25 mg/kg HCPT 0.36£0.03" 0.65+0.05" 61.62+2.54"
1.50 mg/kg HCPT 0.47+0.04" 0.81+0.03" 49.95+2.55"

HCPT: hydroxycamptothecin; LVESD: left ventricular end
systolic diameter; LVEDD: left ventricular end diastolic diameter;
LVEF: left ventricular ejection fractions. Compared with 0 mg/kg
HCPT, "P<0.05.

5, LHCPT 41 R34 A 21 K R LVESD \LVEDD [#
% , LVEF J} & (P<0.001) ; 5 LHCPT 4 It #¢ ,
LHCPT+K6PC-5 4 K fl LVESD. LVEDD F} & ,
LVEF [&{% (P<0.001,%4)
23 LHCPTX&AKXROANABALRFBERG KT
g2 Az opA

HE G 245 5 R, X B4l K B0 LT 2 HE 51
FEF 0 WLIR] J5T 8] BTG A8 1 4 i 322 1 5 AR 2H K B
B O WLZH B A7 A S 35388 10 %) S A 40 A= 5 S
RIZH 4, HCPT 4H \LHCPT 2 RHEEH) 2H A Bc UL
N AV EA A TG ;5 LHCPT 41 He# , LHCPT+
K6PC—5 41 K B0 LA SO B 477 2, DL 1A

Masson YL (25 WA RN R T 208 o, 6 41
KB L WU SR T R B L 8, 252 A S22 3 L
(F=214.476,P<0.001) . ZH 8] b3 s < 5 %)
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Table 3 Effects of different concentrations of
LHCPT on LVESD, LVEDD and LVEF in rats
(x 5, n=12)

Groups LVESD/em LVEDD/em  LVEF/%
0 mg/kg LHCPT ~ 0.21£0.02 0.460.03 75.58+3.15
0.25 mg/kg LHCPT 0.220.02 0.47£0.04 76.13+3.14
0.50 mg/kg LHCPT 0.20:0.01 0.48+0.04 74.95+3.05
0.75 mg/kg LHCPT 0.21+0.02 0.47+0.03 75.83+3.12
1.00 mg/kg LHCPT 0.22+0.01 0.46+0.03 76.05+3.11
1.25 mg/kg LHCPT 0.38+0.02" 0.66+0.04" 60.67+2.59"
1.50 mg/kg LHCPT 0.49+0.03" 0.79+0.06" 52.53+2.88"

LHCPT: hydroxycamptothecin liposomes; LVESD: left ven-
tricular end systolic diameter; LVEDD: left ventricular end diastol-
ic diameter; LVEF: left ventricular ejection fractions. Compared

with 0 mg/kg LHCPT, "P<0.05.

R4 BHKXROINEEISIRLVESD.LVEDD,
LVEF L L%
Table 4 Comparison of changes of LVESD,
LVEDD and LVEF in cardiac function indexes

of rats in each group

(% + 5, n=12)
Groups LVESD/ecm LVEDD/em  LVEF/%
Control 0.22+0.01  0.49+0.04 77.36+3.19
Model 0.70+0.06" 0.77+0.06" 38.85+1.73"
HCPT 0.57+0.04” 0.64+0.05* 49.96+2.42”
LHCPT 0.29+0.02* 0.53+0.04*" 68.85+3.25”%

Captopril 0.26+0.02>* 0.54+0.04** 69.93+3.28”%
LHCPT+K6PC-5 0.53+0.04” 0.67+0.05" 55.56+2.77%

HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin
liposomes; LVESD: left ventricular end systolic diameter;
LVEDD: left ventricular end diastolic diameter; LVEF: left ven-
tricular ejection fractions. Compared with control group, l)P<0.05;
compared with Model group, P < 0.05; compared with HCPT
group, > P < 0.05; compared with LHCPT group, * P < 0.05.

A Fb g, AR 2 R R0 AL MSE Dot T AR 4 BT v (P
<0.001) ; S H# , HCPT 40 .LHCPT 4 , K 4E
1R ZH A RO WS T R A3 BB IR (P < 0.001) 5 5
HCPT 2 Lb ¢, LHCPT 4 R 4638 F1 2 K B0 WL
J 1 R 3 B P (P<<0.001) ; 5 LHCPT 41 [b %%,

LHCPT+K6PC~5 4H K Fl.Us UK B it AR B0+ i (P
<0.001), WE 1B FIZk 5,

Control Model HCPT

=)
(=]
(o]
X
25}
T
LHCPT Captopril LHCPT+K6PC-5
Control Model HCPT
S
(=]
o
X
=
2
&
=
\ B

LHCPT Captopril LHCPT+KG6PC-5

A: HE staining of myocardial tissue in each group of rats; B:
Masson staining of myocardial tissue in each group of rats. HCPT: hy-
droxycamptothecin; LHCPT: hydroxycamptothecin liposomes. X200
1 FHEXBROMMALH HE FEF Masson LR E

Fig.1 HE staining and Masson staining of myocardial

tissue of rats in each group

2.4 LHCPTX&AKXROAMABLH TNF-a.IL-6
KB R0

MR R T 20T e s, 6 KBGO L4l
TNF-a IL-6 KV A, 22 5 A Ge it 3 L (F=
890.790,471.465,P<0.001) . 21 18] 5 % L4 W
55X HRA b A AT KRR LA 4 TNF - T~
6 /K F-FH 15 (P<<0.001) ; SH AL L4, HCPT 41 |
LHCPT 21 . R 463 ) 4H K B0 WL 2L TNF-a
IL-6 /K F [ ik (P<0.001) ; 5 HCPT 41 It %% ,
LHCPT @ R 4638 F 20 K B0 LZH 2L TNF- o
1L-6 7K *F F& 1k (P<<0.001) ; 5 LHCPT 41 It % ,
LHCPT+K6PC-5 41 K fl 41 41 TNF-a , 1L-6 7K *F-
THE (P<0.001,%6)
25 LHCPT X & A KB /OAARTR TGF-B1.
Collagen I .Collagen Il mRNA 33 HI2%0E

BRI R 200 B, 6 4K Fb L4
TGF-B1 . Collagen I, Collagen IIl mRNA ik L%,
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Table 5 Comparison of myocardial collagen area

fraction in all groups (% + s, n=6)

Myocardial collagen area

Groups a7
Control 0.61+0.01
Model 1.92+0.09"
HCPT 1.36+0.12”
LHCPT 0.89+0.04°"
Captopril 0.88+0.06
LHCPT+K6PC-5 1.18+0.09"

HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin
liposomes. Compared with control group, "P<0.05; compared with
Model group, P < 0.05; compared with HCPT group, P <
0.05; compared with LHCPT group, *’ P < 0.05.

x6 BHKXROUALRH TNF-o IL-6 7K FEZU LB
Table 6 Comparison of the levels of TNF-« and IL—-

6 in myocardial tissue of rats in each group

(¥ s, n=6)
Groups TNF-o/(pg/mL)  IL-6/(pg/mL)
Control 32.25+2.03 68.22+2.79
Model 246.67+9.88" 179.93+6.25"
HCPT 166.54+7.61” 143.37+5.88”
LHCPT 94.46+3.95”Y 85.55+3.77"Y
Captopril 93.39+3.87”Y 84.92+3.817

LHCPT+K6PC-5 126.67+5.33" 151.52+6.78"

HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin
liposomes; 1L-6: interleukin—-6; TNF-a: tumor necrosis factor—
. Compared with control group, "P<0.05; compared with Model
group, 2P < 0.05; compared with HCPT group, *’ P < 0.05; com-
pared with LHCPT group, * P < 0.05.

Z A YT X (F=309.847,180.349,168.341, P
<0.001) . 410H PGP HLAS 07 - 500 IR A b s, A
BUZH RO LA LR TGF-B1 . Collagen 1, Collagen
III mRNA 235 715 (P<<0.001) 3 5 46 B 2 [h 8%
HCPT 4 .LHCPT 4 . R HE A1) 21 K 0 L2 21
TGF-BI . Collagen I .Collagen Il mRNA 3% ik AL (P
<0.001) ;55 HCPT 41 [L &%, LHCPT 41 . R 453 F) 41
KB OB TGF-B1 | Collagen I . Collagen IIT
mRNA % ik &AL (P<0.001) ; 5 LHCPT 4 It %% ,
LHCPT+K6PC-5 4 KL+ TGF-B1 . Collagen I
Collagen Il mRNA £i5FHE (P<0.001;%£ 7).

*x7 BAHAKXBOIAEL S TGF-B1.Collagen I.Colla-
gen [Il mRNA FRiX 3 L5
Table 7 Comparison of mRNA expressions of 7TGF—-
B1, Collagen I and Collagen [I] in myocardial tissue of

rats in each group X +s, n=6

TGF-B1 Collagen I Collagen Il

Groups
mRNA mRNA mRNA

Control 1.00£0.00  1.00+0.00  1.00+0.00
Model 2.84+0.13" 2.39+0.12" 2.11+0.10"
HCPT 2.21+0.117  1.88+0.11” 1.65+0.08”
LHCPT 1.42+0.08”% 1.33+0.07** 1.21+0.06>"
Captopril 1.43+0.09” 1.31+0.08** 1.20+0.07*

LHCPT+K6PC-5 2.18+0.10” 1.91+0.12" 1.72+0.11"

HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin
liposomes; TGF-BI: transforming growth factor— 1. Compared
with control group, ""P<0.05; compared with Model group, P <
0.05; compared with HCPT group, * P < 0.05; compared with
LHCPT group, ¥ P < 0.05.

2.6 LHCPTX‘]’%QHjCLWL\HRQH_EEF SphK1/S1P
FEEEBHEXEARIENFM

PR 2240 Hr o, 6 4K RO L4 4
SphK1.SIP AR, ZRA G ¥ E X (F=
318.245,332.537,P<0.001) . ZL[E] P b3 7
50 BRAH LA, SR 2 Bl JILZH 2 v SphKT . STP
AR ETHE (P<0.001) ; 54 BI 4 o4, HCPT
4 LHCPT 41 R+ 41 K R0 414 SphKT
SIP % 4 2 ik MK (P<0.001) ; 5 HCPT 41 [ 4%,
LHCPT 41 R HEH A 41K R0 L4 21 SphK1 . S1P
M #£ K AL (P<0.001) 5 5 LHCPT 4 %,
LHCPT+K6PC-5 2l K Fl 41 21 SphK1 . S1P £ 13
ETHE (P<0.001; 182 .38) .

3 3tk

FEABETE Y, FRATT B S o M 1 S BT 8 R 1)
Ty Ae g v R BB TR, 25 SR i, 50
Fe A, A58 2H K Bl LVESD . LVEDD J} & , LVEF [#
%, O WL 8005 3 40 B 41 de e ™ o, R B0 ) o
Uy KRR R BT o o0 1 B 5 RAEA L,
JRAE LIV 1 54T AN B S 9 i A0 i LT (A TNF -
1L-6) 1 4335 A3 B 115 5T 22 5 i 240 Jf S5 4 A s 51
7S L AU FR SO AT G A, S BT L IR
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HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin lipo-
somes; SphK 1: sphingosine kinase 1; SIP: sphingosine~1-phosphate.
B2 Western blot #: il X 5RO L2 4R 71 SphK1.S1P & H
Fix
Fig. 2 Western blot analysis of SphK1 and S1P protein

expression in rat myocardium

*8 FBAKXROIALRS SphK1.SIPEBRIEEW
L
Table 8 Comparison of SphK1 and S1P protein

expression in myocardial tissue of rats in each group

(x s, n=6)
Groups SphK1/GAPDH  S1P/GAPDH
Control 0.46+0.03 0.21+0.02
Model 2.15+0.12" 1.56+0.11"
HCPT 1.54+0.10” 0.93+0.08”
LHCPT 0.76+0.06>* 0.41+0.03**
Captopril 0.75:0.06*”  0.42+0.04>
LHCPT+K6PC-5 1.33+0.11% 0.86+0.07*

HCPT: hydroxycamptothecin; LHCPT: hydroxycamptothecin
liposomes; SphK1: sphingosine kinase 1; S1P: sphingosine—1-
phosphate. Compared with control group, "P<0.05; compared with
Model group, >P < 0.05; compared with HCPT group, * P <
0.05; compared with LHCPT group, ' P < 0.05.

DI A K, AT o Co LA R A1 2 7 5K ) e I
e AT 1 LZH S TNF-o IL-6 7K
AR AR R B R B LS TNF-a T~
6 7K B i TR AR, W0 T30 R B LR
FFAESAESN o 1 HCPT LHCPT 34 m] i K Lo AL
L IAE N, H LHCPT A 30 i R A T HCPT,
WA, D WLEFHEAL 50 ) R DIR OG . DAL
UL S Z ML AL R T 0 WA O, TGF-BIAE
g o TR LT ARG AR KR 7, AT e Collagen
I.Collagen HI)E B LA RUTAR , U M4 E 00 AILEF 4
ey kA SRR . APFRAI T O LA R
TGF-BI . Collagen I . Collagen III mRNA 3 ik 224k ,

5B R B K B LA 8L TGF-BI . Colla-
gen I Collagen IIT mRNA 3%k B I /& T XF I 4, 3%
W10 7 3 vl K RO LA L4 44k ™ 5 . 1 HCPT .
LHCPT 0] 41 i Ok 50 LA 2R 21 4 fk , L LHCPT
B3 1 5 SR T HCPT, 3% 1T GE 5 HCPT 14 i 5 4
FIAVA 5 F HCPT il B Ig Bk R AL S e T
HCPT 764 N 1 N Tig BR 4544, I8 28 T HCPT 7E 4R 4
P T FE , 237 LA I VB0RC IR AR 1 24 R B
[ i LHCPT 58 25 7 it A0 ILAH 2 #2140
WA RS AEACIER . RAEEFEH T g0
JyaE s AR RO LR AR G F 259 AR AT LA
ZEWAE Y, R B OR, KSR S
LHCPT X 0> 77 338 K B0 LA 228 2 A 1) 40 il A
22 5 0G24 38 X, #2758 LHCPT W] fg i h ol 35
O T EER K B WLET AL BV A E A 525

SphK 1/S1P {5 538 B 5 F 2 Bl #4145 3412 7
LT 2 5 MR | ARE 1 5 0 45 22 BB s 1) R A
JEO HRARE | O SphK1/S1P {5 53 B vl 12 i 1
KB FE T/ R EF4E L™ 5 BBk SphK 1 AT Jai
BRI PR A B AR RN BB AR LAY AR
7, LHCPT AT 410 4l .0 g %2 v K B0 L 4H 41
SphK1.S1P & 1 33k , #EW LHCPT AJ fiig i 2k 417
SphK 1/S1P {5 *5- 3 % 410 il .C> 7 3 985 K B0 WLET 4
6o N T RUEZAEN , A 5T AE LHCPT 78 H % %
fih R0 L SphK 176 77 K6PC—5 3k Fil.0» 1 50k
KB, 453 B, K6PC-5 1§ 55 T LHCPT %> J) 5%
vy K ELO WLEF AL A I /R T . UESE T LHCPT Af
FiE 38 2o 410 ] SphK 1/S1P 17 538 410 4 .0 ) 5 3 K
B LR 4idl . A A BF ST ARE , 765 I B
H SphK1/S1P Al 4y 5 TGF-B1 it 7= 2 s 78 i Mg
R M AERE /N B, S RS R AR Al ZUrb Y
SphK1/S1P 38 B 5 | [R] B2 48 40 e X 1L-6 11
TNF-a K F T2 . SR, LHCPT # ] SphK1/S1P
o T U 0 3 0 R R LT A Ak aod A v 1)
ERMLHE B K BN IL-6  TNF-a & TGF-BI 1
VA A TR SRR B

Zi bt ik, LHCPT v] A& 3 i #1) i SphK1/S1P
{5 538 B A A O ) 0 KB O WL 4Rk . 5%
DL g A4 N 2% 2 2 i il £ LHCPT, 6k e T 15 48
Jik i S HCPT &7 5f 1 245 4 2 mIE K L 259 1 H
AR ), P RE R I IR b ) s o i i rp o L
LT AEA IR YT AT Y S BRI
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