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5-HT degradation in skeletal muscle

ZHANG Yu-xin*, ZHANG Rui*, YANG Jing, SHAN Xue-chun, LIANG Xiu-rui,
ZHANG Yi, XU Fan, JIN Jia-qi, GUAN lJing, FU Ji-hua"

(School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Nanjing 210009, China)

Abstract: Fatigue is a common complication of type 2 diabetes mellitus (T2DM). We examined the relation-
ship between T2DM fatigue and the skeletal muscle 5-hydroxytryptamine (5-HT) system. In animal experiments, a
T2DM model was established in mice by feeding a high-fat diet with intraperitoneal injection of streptozotocin.
The mice were treated with the 5-HT,, receptor antagonist sarpogrelate hydrochloride (SH) and the 5-HT synthesis
inhibitor carbidopa (CDP) (separately and in combination). In cell culture experiments, C2C12 cells were stimulated
with D-glucose, palmitic acid or 5-HT. 5-HT,,R, 5-HT synthesis and 5-HT degradation were inhibited by SH, CDP,
or monoamine oxidase A (MAO-A) inhibitor. The animal experiments were in accordance with the regulations
of the Animal Ethics Committee of China Pharmaceutical University. The results showed that 5-HT,,R, 5-HT
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synthase and MAO-A were expressed in mouse skeletal muscle and C2C12 cells. The expression of these proteins
was significantly up-regulated in T2DM mice or when C2C12 cells were exposed to palmitic acid and D-glucose;
palmitic acid was a stronger stimulant of their expression than D-glucose. Rotating rod experiments and biochemical
index tests have shown that T2DM fatigue is associated with an increase in skeletal muscle 5-HT,,R, 5-HT synthesis
and 5-HT degradation. 5-HT,,R mediates the expression of MAO-A and the synthesis of 5-HT, which indirectly
regulates the degradation of 5-HT. MAO-A regulates cell inflammation, mitochondrial ROS production and
membrane potential depolarization by mediating 5-HT degradation. MAO-Aalso inhibits the expression of peroxisome
proliferator-activated receptor y coactivator-1 (PGC-1), carnitine palmitoyltransferase-1 (CPT1) and ATP synthase-6
(ATP6), thus inhibiting mitochondrial functions such as fatty acid g oxidation and ATP synthesis. SH and CDP can
effectively treat T2DM fatigue, and can also reduce blood glucose and blood lipid, and the combination of SH and

CDP has a clear synergistic effect.
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the mitochondria; ATP synthesis in the mitochondria
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Figure 1 The effects of sarpogrelate hydrochloride (SH) and carbidopa (CDP) (alone or in combination) on the basic state of type 2 diabetes

mellitus (T2DM) mice. Food intake (a), body weight (b), fasting blood-glucose (FBG) (c) in the period of nine-week drug treatment, and

plasma triglyceride (TG) (d) and non-esterified fatty acids (NEFA) (e) levels in the end of nine-week drug treatment in the control (Ctrl),
T2DM model (Mod), SH or CDP-treated, and SH and CDP (SC)-co-treated T2DM mice. n = 10, X £ s. *P<0.01 vs Ctrl; “P<0.01 vs Mod in
the b and c, or multiple comparison test in the d and e; NS: Not significant
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Figure 2 The relevance of 5-HT,,R, 5-HT, and 5-HT degradation with oxidative stress and inflammation in skeletal muscle of T2DM
mice. a: Expression of 5-HT,,R, Tphl, AADC, and GAPDH in the skeletal muscle of control (Ctrl) and T2DM mice; Levels of 5-HT in the
skeletal muscle (b) and plasma (c) of all groups. Expression of MAO-A (d); levels of H,0, (), MDA (f), and SOD (g); expression of
p-1kBa, 1kBa, p-NF-xB p65, NF-«B p65, and GAPDH (h); and levels of TNF-« (i) and IL-1/ (j) in the skeletal muscle of all groups. n = 10,
X £ . "P<0.05, “P<0.01. 5-HT: 5-Hydroxy tryptamine; 5-HT,,R: 5-HT receptor 2A; Tph: Tryptophan hydroxylase; AADC: Aromatic L-ami-
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Figure 3 The relevance of 5-HT,,R and 5-HT synthesis with fatigue and reduction of ATP synthesis in skeletal muscle of T2DM mice. a:

Riding time of rotation test in the 6" week and 9" week of drug treatment in all groups; b: Levels of lactic acid (LA) in the plasma of all

groups; Levels of glycogen (c) and ATP (d), and expression of carnitine palmitoyltransferase-1 (CPT1), ATP synthase-6 (ATP6), peroxisome

proliferator-activated receptor y coactivator-1 (PGC-1) and GAPDH (e) in the skeletal muscle of all groups. n = 10, X = s. “P<0.01
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Figure 4 The relevance of 5-HT,,R, 5-HT synthesis, and 5-HT degradation on D-Glu or / and PA-induced ROS production in the
mitochondria of C2C12 cells. SH (30 umol-L?), CDP (30 umol-L*), and CGL (30 umol-L?) were treated in C2C12 cells. The cells were
pre-treated with respective drug for 12 h, followed by D-Glu (33 mmol-L?) and PA (100 umol-L*) treatment (alone or in combination) for
another 24 h. Expression of 5-HT,,R, Tphl, AADC, MAO-A, and GAPDH (a), and levels of 5-HT (b), H,O, (c), and ATP (d) in the control
(Ctrl), D-Glu and PA (alone or in combination)-treated cells. Expression of MAO-A and GAPDH in the Ctrl, D-Glu and PA co-treated with
or without SH or CDP-treated cells (e, up), and expression of Tphl, AADC, and GAPDH in the Ctrl, D-Glu and PA co-treated with or
without SH-treated cells (e, down). Levels of 5-HT (f) and H,0, (g), and ROS distribution (63%) determined by fluorescent dye staining (h)
in the Ctrl, D-Glu and PA co-treated with or without SH and CDP-treated (alone or in combination), CGL-treated, and CGL and SH co-
treated cells. Mitochondria (red) and ROS (green) distribution (63x3) in the PA-treated cells determined by co-localization of mitochondria
and ROS fluorescent dye staining (i). n = 4, x + 5. "P<0.05, “"P<0.01. PA: Palmitic acid; D-Glu: D-Glucose; CGL: Clorgyline
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Figure 5 The relevance of 5-HT,,R and 5-HT degradation with inflammation and ATP synthesis induced by D-Glu and PA co-treatment in
C2C12 cells. SH (30 umol-L*) and CGL (30 umol-L*) were treated in C2C12 cells. The cells were pre-treated with respective drug for 12 h,
followed by either D-Glu (33 mmol-L*) and PA (100 umol-L*) co-treatment for another 24 h or 5-HT (60 umol-L?) treatment for another
48 h. Expression of p-1«Ba, 1kBa, p-NF-xB p65, NF-xB p65, and GAPDH (a), and levels of TNF-a (b) and IL-14 (c) in medium in the Ctrl,
D-Glu and PA co-treated with or without SH or CGL-treated cells. Mitochondrial membrane potential fluorescent dye (JC-1) staining (40x)
(d), red indicating polarized membrane potential while green indicating depolarized membrane potential in the mitochondria; expression of
PGC-1, CPT1, ATP6, and GAPDH (e); and ATP levels (f) in the Ctrl, D-Glu and PA co-treated with or without SH and CGL-treated (alone
or in combination) cells. Levels of H,O, (g) and ATP (h), and expression of CPT1, ATP6, and GAPDH (i) in the Ctrl, CGL-treated, 5-HT-

treated with or without CGL-treated cells. n = 4, x + s. "P<0.05, “*P<0.01
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Figure 6 Schematic diagram of T2DM-caused fatigue mediated by 5-HT system in the skeletal muscle
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