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Effect and underlying mechanism of L-carnitine improving myocardial systolic

dysfunction in sepsis mice

WANG Zhihual, ZHOU Yuanqun®?, XIANG Xinming®>, ZHANG Qianwei’, OUYANG Xingnan®*, ZHANG Jie?, LI
Tao”, TIAN Linqiangl , LIU Liangming® 1Department of Surgery, the Third Affiliated Hospital of Xinxiang Medical
University, Xinxiang, Henan; *National Key Laboratory of Trauma and Chemical Poisoning, Research Laboratory of
War Trauma, Shock and Blood Transfusion, Daping Hospital, Army Medical University, Chongqing, China

[Abstract] Objective To explore the protective effect of L-carnitine on myocardial systolic
dysfunction in sepsis and its underlying mechanism. Methods A mouse sepsis model was established by
cecal ligation and puncture (CLP). Ten-week-old male SPF-grade C57BL/6 mice (body weight 20~30 g) were
randomly divided into 5 groups vie random number table: Sham group, Sepsis group, L-carnitine group,
L-carnitine+Etomoxir (Eto) group, and Eto group. Echocardiography assessed cardiac function, ELISA
measured serum creatine kinase isoenzyme MB (CK-MB) levels, and 72-hour survival rates were recorded to
evaluate L-carnitine’ s effects on cardiac function. Cardiomyocytes were isolated, and a cell microtensiometer
was used to detect cardiomyocyte contractile function and calcium transients. Myocardial tissues were
collected from each group, and ELISA was used to determine the contents of triglyceride (TG), free fatty acid
(FFA), and adenosine triphosphate (ATP). An in wvitro sepsis model was constructed by stimulating HL-1
cardiomyocytes with lipopolysaccharide (LPS) for 12 hours, which was divided into 5 groups: control (CTRL)
group, LPS group, L-carnitine group, L-carnitine + Eto group, and Eto group. ELISA was used to detect the
contents of TG, FFA, and ATP as well as the activity of carnitine palmitoyltransferase 1A (CPT1A) in
cardiomyocytes. A cellular energy metabolism analysis system was employed to measure fatty acid oxidation
capacity, and Western blot was used to detect the protein expression of CPT1A in cardiomyocytes. BODIPY -
FL-C16 (green fluorescently labeled palmitic acid) was utilized to detect the distribution of fatty acids in the
cytoplasm and mitochondria via immunofluorescence technology, thereby observing the ability of cells to
transport fatty acids into mitochondria. Results Compared with the Sham group, cardiac function was
significantly impaired in the Sepsis group, as evidenced by decreased ejection fraction and mean arterial
pressure (P<0. 05), along with elevated levels of the cardiac injury marker CK-MB (P<0. 05). Treatment with
L-carnitine significantly improved myocardial function, restored blood pressure in septic mice, and increased
their survival rate from 12. 50% to 81. 25% (P<0. 05). Compared with the Sham group, the contractile function
and calcium transients of acutely isolated single cardiomyocytes were significantly reduced in the Sepsis group
(P<0.05), while L-carnitine treatment remarkably restored the contractile function and calcium release
capacity of septic cardiomyocytes (P<0. 05). Both in vivo and in vitro experiments showed that TG and FFA
levels were significantly increased (P<0.05), and ATP levels was significantly decreased (P<0.05) in the
Sepsis and LPS groups—effects significantly reversed by L-carnitine treatment. Compared with the CTRL
group, the basal oxidation rate and maximum oxidation capacity of fatty acids in cardiomyocytes of the LPS
group were significantly reduced (P<0.05), and L-carnitine treatment notably improved these indicators.
Compared with the CTRL group, the expression and activity of CPT1A in cardiomyocytes of the LPS group
were significantly decreased (P<0. 05), while L-carnitine treatment significantly increased the expression and
activity of CPT1A (P<0. 05). In LPS group cardiomyocytes, green fluorescently labeled palmitic acid primarily
formed numerous granular/clumpy aggregates in the cytoplasm with minimal mitochondrial colocalization. In
the L-carnitine group, the green fluorescent granules in the cytoplasm of cardiomyocytes were smaller, and
colocalization with mitochondria was increased. However, the L-carnitine + Eto group exhibited similar
phenomena to the LPS group. In addition, both in vivo and in vitro experiments demonstrated that treatment
with the CPT1A inhibitor Eto reversed the effect of L-carnitine. Compared with the L-carnitine group, the ATP
content in the L-carnitine + Eto group was significantly decreased (P<0.05), while the FFA content was
significantly increased (P<0. 05). Conclusion L-carnitine facilitates fatty acid entry into mitochondria for
B -oxidation via a CPT1A-dependent mechanism, thereby ameliorating fatty acid oxidation dysfunction in
septic cardiomyocytes and improving myocardial contractile function.

[Key words | sepsis; myocardial contractile dysfunction; fatty acid oxidation; L-carnitine; carnitine

palmitoyltransferase 1A

Supported by the Key Program of the National Natural Science Foundation of China (82430082) and the Youth Program of the National Natural Science
Foundation of China (82402549 ). Corresponding authors: LIU Liangming, E-mail : Imliu62@tmmu. edu. cn; TIAN Lingiang, E-mail: wstiansenzhi@126. com



2632 Bl A5 22 R R 27241, 2025, 47(21)

http ://aammt. tmmu. edu. cn

e 7 E 2 PRl i 20 R O I B | R Y e R A
v A D R R A R M B £ TR
o JHEEERE T B O I ) B R B 2 Ik 2 0 S8 d ™
EIIE AR , HIRIE AR A 709%~90% > . 0 WL 45 2
FIE I 15 2 JHe B 5 AH G0 JUL ) E %1% (sepsis-associated
myocardial dysfunction, SIMD) 4% .C> ¢ AiF F 52 i) 7 J5
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PRI TR, A W5 & B, L-carnitine & Jik 4% i 2 b
(lipopolysaccharide , LPS) 175 S (14 M F5E /)N B2 ME 1 4
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T 10 JE i CSTBLA6 /N B (IR 5 2 20~30 g) H Fifi
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i A Tk %% %% i 1A (carnitine palmitoyltransferase 1A,
CPTIA) i ¥ A5 1 57) & W A %6 3 5 2% 7 5 BSA
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KOH #45 pH=7. 2; T AL IR A BC il : T4 15 [ 40 mL.
IT 75 Ji¢ Ji il 24 mg \BSA 40 mg.
1.4 JMREFEERH &
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1.7 #mlds R o F CK-MB K-F
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#% Amplex Red H il = Be k7] & . Amplex Red Ui 25

I A 3R 8 L ATTP G 7] 65 U B 5 T CPT 1A
T P ARG T 3 751 & I 2 0 LAl S R TG FFA L ATP & i
FCPTIA W& E,

111 e st KMo AT & Gl 5 Iy BR B ALRE

AP HL-1.0 WLAH M , Y5 20 B il 5 BE 58 609% ~T75%
Bf, HEAT 25 Ab 2R, 434 S Ak B TR 1. 10, 4 B8 XF
o el 1 A A s ) 6 15 B 5 0 g Ay 1 2R A R T
T AIUET— K B A AR R T 7 3 T 4 Sk I BRI A
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A: Echocardiographic assessment of cardiac function in mice; B: Statistical analysis of echocardiographic parameters (left

ventricular ejection fraction, LVEF) in mice (n=8); C: Mean arterial pressure (MAP) measurements in mice; D: Serum

CK-MB levels in mice measured by ELISA (n=4); E: Survival curve of septic mice (n=16). a: P<0. 05, compared with the

Sham;b:P<0. 05, compared with the Sepsis
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Figure 1 Improvement of L-carnitine on myocardial function in sepsis(¥+s)
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A: Sarcomere length changes in acutely isolated single cardiomyocytes under continuous electrical stimulation; B: Sarcomere

contraction amplitude in acutely isolated single cardiomyocytes; C: Maximum sarcomere shortening velocity in acutely isolated

single cardiomyocytes; D: Maximum sarcomere relaxation velocity in acutely isolated single cardiomyocytes; E: Intracellular

calcium fluorescence intensity changes in acutely isolated single cardiomyocytes under continuous electrical stimulation; F:

Calcium transient amplitude in acutely isolated single cardiomyocytes. a: P<0. 05, compared with the Sham; b: P<0.05,

compared with the Sepsis
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Figure 2 Improvement of L-carnitine on contraction and calcium transients of acutely isolated cardiomyocytes

from septic mice (n=8, x+s)



2636

Wi 525 KRR, 2025,47(21)

http ://aammt. tmmu. edu. cn

L-carnitine B i 45 Pt LPS 15 5 1) FFA [ TG 3 Jin 1 ATP
TEFR(E4) . FRgE L, L-carnitine fEA 205
LM FEAE TS S 00O LAH I FFA 5% 40 A0 A1) 1 2h BE B A,
PR HRE R LR .

A L-carnitine X B 5508 O LA B I8 5 iR 424k
52 W, DL R M 1R -BSA (Palmitate-BSA ) M i 9y , 46 il
HL-1 .0 L 40 M 25 k7 1 8 | R (oxygen consumption
rate, OCR) . 1F % XM (CTRL)4H ", Palmitate-BSA ZH
LR OCR 235 & T BSA 41 (P<0. 05, & 5A..D) , il A
Eto Jii 3£ i OCR {2 3 I (P<0. 05, & 5D) , AOCR K
(28. 75+4.32) pmol/min (& 5E) , H CTRL £H fiz K FF 1
fie 71 & FF i (P<0. 05, & 5F) (Eto &b HJ5 T R (P<
0. 05, & 5F) , 387 1E % U LA At T A5 %30 FH el 1

LPS 4#bFHZH 1, BSA 5 Palmitate-BSA 4H 3 OCR
Jo2z 5 (K 5B.D), Eto 51 ) AOCR ¥ (6. 76%2. 29)
pmol/min( K 5F) ; T LPS+L-carnitine ZH /7, Palmitate-
BSA 41 3E7 OCR 2.2 = T BSA 41 (I 5C..D) , Eto &b Bt

400- 6 000
a
3004 b _
—_ - -
- g 4000
2 200~ 2
5] = 2 000
i -
F 400~
0 0-
& & N\ A N
2 O G
(o’(\ %Q,Q 0‘$® 6(‘
N,

J&i AOCR 35 (21.48+4.29) pmol/min ( & 5E) , % ]
L-carnitine A] Yk & LPS 51475 21 it % A el ik 1) S840 R
UEAb, LPS 21 fie KT RE 1 BEAIK 25. 75%  ATP A L,
/b (P<0.05, & 5F. G) , L-carnitine A] i ¥ 2% fitt (P<
0.05, K 5F) . % |, L-carnitine i i3 /& 25 I8 5 Fg A £k
WA B LPS BT s 0 LA AR i i 48 Ak e i
2.4 L-carnitine i i CPT1A 4R #i b U4 B 5 IR &%
W3 L2 LR B BR B AL T e

B W 45 5 & B, CPTIA #110 l % Eto fE 36 %%
L-carnitine X LPS HI| .0 40 I 1) F5e KR K BE 7 AR
FPGEEAVE T, #2278 L-carnitine %0 JLAH S FAO fiE 119
EAEH S CPTIA G K. NHRSY L-carnitine 2035 i 25
E O JILAH I FAO R BIL A T B CPT1A Y 635
A . 2538 BoR , LPS A PR B A HL-1.0 AILAH g
CPT1A 33K FITE PE , M L-carnitine &b B E I 38 0 %
X — % (P<0. 05, K1 6A .B) . ffi /1 BODIPY-FL-C16

10 -
a
n b -
[e]
. £
£
o
'_
<C
1
& & ® & & ©
%Q) o’& [2) %Q) db‘
N N

A: Triglyceride (TG) content in myocardial tissue quantified by biochemical assay; B: Free fatty acid (FFA) content in

myocardial tissue quantified by biochemical assay; C: Adenosine triphosphate (ATP) content in myocardial tissue quantified by

biochemical assay. a: P<0. 05, compared with the Sham;b:P<0. 05, compared with the Sepsis
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Figure 3 Effect of L-carnitine on TG, FFA, and ATP levels in myocardial tissue from septic mice (n=8, x+s)
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A: Triglyceride (TG) content in HL-1 cardiomyocytes quantified by biochemical assay; B: Free fatty acid (FFA) content in

HL-1 cardiomyocytes quantified by biochemical assay; C: Adenosine triphosphate (ATP) content in HL-1 cardiomyocytes
quantified by biochemical assay. a:P<0. 05,compared with the CTRL;b: P<0. 05, compared with the LPS
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Figure 4 Effect of L-carnitine on TG, FFA, and ATP levels in HL-1 cardiomyocytes treated with LPS
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A~C: Dynamic curves of oxygen consumption rate (OCR) in HL-1 cardiomyocytes from CTRL (A), LPS (B), and L-carnitine

(C) groups by cell energy metabolism analysis system; D: Basal oxygen consumption rate in HL-1 cardiomyocytes by cell

energy metabolism analysis system; E: Acute OCR response in HL-1 cardiomyocytes by cell energy metabolism analysis

system; F: Maximal respiratory capacity in HL-1 cardiomyocytes by cell energy metabolism analysis system; G: ATP

production in HL-1 cardiomyocytes by cell energy metabolism analysis system. a: P<0.05, compared with the BSA; b: P<
0. 05, compared with the Palmitate-BSA ; ¢: P<0. 05, compared with the CTRL; d: P<0. 05, compared with the LPS
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Figure 5 Effect of L-carnitine on long-chain fatty acid oxidation capacity of HL-1 cardiomyocytes treated with LPS
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A: CPT1A protein expression in HL-1 cardiomyocytes detected by Western blotting; B: CPT1A activity in HL-1 cardiomyocytes
determined by biochemical assay; C: Subcellular distribution of fatty acids in the cytoplasm and mitochondria of HL-1
cardiomyocytes analyzed by immunofluorescence and biochemical fractionation; D: Changes in ATP content in HL-1
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Figure 6 L-carnitine improves fatty acid oxidation function in LPS-treated HL-1 cardiomyocytes and septic mouse

myocardial tissue via a CPT1A-dependent mechanism
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