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[ Abstract] Background lLevocarnitine palys an important role in mitochondrial energy metabolism, but whether

it possesses protective effects on aging heart is unclear.Objective A natural aging animal model was constructed with 24
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month—old rats fed naturally to study the protective effect of levocarnitine on the natural aging model rats, and its molecular
mechanism was further analyzed.Methods A total of 30 three—month—old male SPF rats were selected from January 2017 to
June 2019.Rats naturally raised to 4 months old in standard feeding environment were used as young control group (n=10) .Rats
naturally raised to 24 months old in standard feeding environment were randomly divided into the levocarnitine group ( n=10)

and the elderly control group (n=10) .Rats in the levocarnitine group were given levocarnitine 300 mg*kg™'*d™', and the rats
in the elderly control group were given the same volume of 0.9% sodium chloride solution, and they were all fed for 4 weeks.
The indexes of cardiac systolic and diastolic function (including LVEDD, LVESD, LVEDV, LVESV, LVEF, LVFS) ,

serum MDA level, SOD activity, mitochondrial ultrastructure, levels of myocardial tissue ATP, p—AMPK, CPT-1 of rats
LVEDD, LVESD, LVEDV and LVESV in the elderly control group were

larger than those in the young control group ( P<0.05) ; LVESD and LVESV in the levocarnitine group were smaller than those

were recorded and compared in each group.Results

in the young control group, and LVEF and LVFS were higher than those in the young control group ( P<0.05) ; LVEDD,
LVESD, LVEDV and LVESV in the levocarnitine group were smaller than those in the elderly control group, and LVFS was
higher than that in the elderly control group ( P<0.05) .The serum MDA level of the elderly control group was higher than that of
the young control group, and the SOD activity was lower than that of the young control group ( P<0.05) ; the serum MDA level
in the levocarnitine group was higher than that of the young control group ( P<0.05) ; the serum MDA level in the levocarnitine
group was lower than that in the elderly control group, and the SOD activity was greater than that in the elderly control group

(P<0.05) .Compared with the young control group, the elderly control group had different mitochondrial morphology, some
mitochondria swelled obviously, and multiple focal vacuoles appeared in the matrix.Compared with the elderly control group,
the mitochondrial volume of myocardial cells in the levocarnitine group was significantly reduced, and occasional vacuolar
degeneration was observed, and the mitochondrial crests were neatly and densely arranged.The myocardial tissue ATP level
of the elderly control group was lower than that of the young control group ( P<0.05) ; the myocardial tissue ATP level of the
levocarnitine group was higher than that of the elderly control group ( P<0.05) .The myocardial tissue p~AMPK and CPT-1
levels in the elderly control group were lower than those in the young control group ( P<0.05) ; the myocardial tissue p—~AMPK
and CPT-1 levels in the levocarnitine group were higher than those in the elderly control group ( P<0.05) .Conclusion
Levocarnitine can improve the cardiac function, enhance the antioxidant capacity, protect the mitochondrial structure and
increase the ATP production of the aging myocardium in the natural aging model rats.The mechanism may be related to the
upregulation of AMPK/CPT-1 signal pathway.

[Key words ] Aging; Levocarnitine; Rats; Heart; AMPK; CPT-1

.67.

W e [ Ak 2 IR, 3340 R O Ao LA |
PRUHZENR T A R0 AE AR TG R ) B
SRR O MR AL . R EEERNER, [F

AR ANME:

AFAABRRERRAREY, BRIEOARE

£

AR R A ET R RN, S R A 21 il
WRBIZ A 2 I, AT OIS R
R FEHLH], R IELE S A SR A B G (4
=
SRR, 22 R IRTT B SR KPR A 4
YER, TLLE IS TS o~Jun E AR iR (JNK) /P53/
TEEANK MW FIY (SASP ) {553 % 1 i) 52 K BUIR
Wil gtm e v e e i B L (R R R TT R AT LR
P A SR Z O NE S AT BB B 43FHLH] H R AT
I, AT E R FRR 24 A 8RB B R
EYIRL, BRI RIETT R O AR R
K HArFHL
1 MBEFEE
1.1 SEBGHA]  ARSZERHE] R 2017 4F 1 H—20194E6 H .
1.2 SEEEhY ARSI QR K #5058 3 P i
ARG ) P AT FT A Sh 9 S AR . AR SE G vk B 3 A
% SPF ZHEME R B 30 H, I F 1l AR R2E L s

KE TS IELEMAA R TAL, RIS IEE IR K
LM ERRTRFFELTT CIBA R E;
EFTRITERETIRSZARREEVRA LTS ES oy
%% (LVEF) . £ Fasgma® (LVFS) , &1
MM %5 7 A Bk =B (MDA ) K-F, ¥R
W ALEE (SOD ) Fh, #tdfm & E K RAARIT AL
J1, BB AR S LR A AR 45 My Fe 6 m 32 S L
ZEEBRIRE (ATP) 694 &, HAUH TS5 AL AR
1L —AMP 1R #i 49 % & % B (p-AMPK ) / P 4505 BL 4%

B 1 (CPT-1) 155 @8%H X, )
Do ARUEIRIME S — A& (220+1.5) C, B
(55+5) %, FIRBBOLLE. BIA K RAER A ok
FRE .

1.3 5 S5E ZERIETT i L Sigma 23 F AL,
4 JE 9% VL b B FR Ak ~AMP M 1 F9 25 1 il T
(p-AMPK) $LiAk. PREMUIR LS RS 1 (CPT-1) 4T
A#1 GAPDH $ifA 35 Abcam 2 FI4RHE; ST FITL




.68.

AHUNELOAL . R RO A LU 2R A O IS s B
T 2H 27 T S S = it

14 SEESYH KT BAEPRER SRR T AR
TR 4 AR R (RN 350~400 ¢ ) 17BN 4F
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kD ReTE bR, IR 20 EEF KRR (LVEDD) |
e EWAE AR WINAE (LVESD) | 20 &Pk R I 2R
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M (LVER) | 20 mEZE % (LVES) .
1.52 i B (MDA ) /K, # & k¥ 1 Ak i
(SOD) Itk EGEEHAT, FM 40 me/kg AL HE I
ST 3% I U Z RIS AR B 208 32 sl kg E .
3 000 r/min &0 10 min ( F02FE42 10 em ), HRUMLG ;
i B MDA F1 SOD Kl 551 &5 15 BH 5 A 4% 28 K R i 75
MDA 7K, SOD &

153 SRR SCIRAE AT, AR,
BUB AN, BTBLLARHE ST 1~2 mm’; KA 0.9% Ffk
IR v AL S, TR R T 4% 1 [ E TR
H EE R T (% 15 000 ) WEEK FLC L4
YRR
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1.5.5 ODIHZ p-AMPK ., CPT-1 /K SEEE5 I,
IhBEA R, BB ARG, BTHGL AT 30~40 mg,
e B SCHk (3] 9 %, L GAPDH i & R, X H
Western blotting 1% K | % 2 K B0y WLZH 21 p-AMPK
CPT-1 /K-

1.6 Geits#Jik RJH SPSS 17.0 BAF #4185 .
TR, (x+5) R, ZU1RIEECRHRHE 5
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21 FHHOMEW. ke s L £4AH
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ZRAGIFE L (P<0.05) . ZAEX R4 LVEDD .,
LVESD. LVEDV., LVESV K T H X M4, ZRA
GiilFE L (P<0.05) 5 Z£RJEIT4 LVESD, LVESV
INTFHAERT B, LVEF, LVFS & TN B4, 2
SAHGIFE X (P<0.05) ; £ FKJEIT4 LVEDD,

LVESD. LVEVD, LVESV /NFE4EXF M4, LVFS 5T
EAENTIRA,, ZRA5IFE X (P<0.05, R 1) .

22 FYILHE MDA /K-, SOD 3G ¥ b &5 41l
MDA 7K SOD {EPE AR, 25 F A geit24 2 X( P<0.05 ),
SLAEXT BRI MDA 7P i3 TR AEXT B4, SOD i
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4250 mm x 4.6 mm, 5 pm) , HENER, WA TTHREC ISR AT 450N, 1 WS AR T
pH {8 6.5 Y 50 mmol/L BEFRFIZE il . KIS B0 E M ZbiRIEHES RS 30% (WA 1) .
F 1 SULOHEEE . EFiRIIGEEbR LI (3£, n=10)
Tabel 1 Comparison of systolic and diastolic function indexes in each group
215 LVEDD (mm) LVESD (mm) LVEDV (ml) LVESV (ml) LVEF (%) LVFS (%)
TFHAER IR 7.15+0.64 4.67+0.57 27031 = 54.84 102.75 = 30.09 62.18 +5.84 34.70 + 4.55
ZA N R 8.47 +0.59" 5.59+0.97" 393.45 + 60.32" 158.05  61.78" 60.89 +9.82 3433 +£7.04
ERIRITH 6.59 1.84 3.41+1.31% 241.80 + 135.12" 54.37 + 43.59" 77.67 + 8.84" 48.02 + 8.86™
F1{H 6.746 12.050 12.192 12.535 12.267
Pl 0.004 <0.001 <0.001 <0.001 <0.001
W GEAENMA LR, P<0.05; SEAEXIRL LE, "P<0.05; LVEDD= /& T AR MINAS, LVESD= 2203 I4i R MINAE, LVEDV=

Lo EEPIRARBIAR, LVESV= 20 E NG AKBIAF, LVEF= 50 S MAE0, LVFS= 22028 5 5l 48 R
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Figure 2 Electrophoretogram of p—AMPK and CPT-1 in myocardial tissue
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Figure 1 Mitochondrial ultrastructures in the cardiomyocytes of rats in each group

F2 AUUMNTE MDA JKF-. SOD iEHEHE (f+5, n=10)
Table 2 Comparison of serum MDA level and SOD activity in each group

2051 MDA ( nmol/ml) SOD ( U/ml)
FAEXT AL 6.4+0.9 167.8 £28.6
EAERT R 11.9+1.4 122.3 + 14.8"
ZERJEITH 83+ 1.0" 1752 +22.6"

Fi8 62.095 15.905

Pl <0.001 <0.001

e 54X IR B, P<0.05; 5 %A AT AL &
"P<0.05; MDA= N B, SOD= 4L fbt

R3 KAWL L ATP, p-AMPK, CPT-1 7K F L 4 ( x =5,
n=10)
Table 3 Comparison of the levels of p~AMPK and CPT-1 in myocardial

tissue in each group

2051 ATP (nglg) p-AMPK CPT-1
FAEXTEA 99.63+9.71 0.56 + 0.04 0.55 +0.04
BAEXTRA 5679 +11.84° 0.42 +0.02" 0.44 +0.02°
LAREITH 10189 £11.76" 0.55 £0.02" 0.54 +0.02"

Fi4 51.968 76.250 46.250

P1{E <0.001 <0.001 <0.001

He 5 HAES B4 R, P<0.05; 5 %464 1R,
"P<0.05; ATP= =HMRIRF, p~AMPK= W1k —AMP {51 14 2 1 s
CPT-1= REEIRIR AL RS 1
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