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Abstract: Hyperglycemic kidney injury (HKI) is a common complication of diabetic patients. We examined
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the relationship between HKI and the abnormal expression of 5-hydroxytryptamine (5-HT) system induced by
hyperglycemia in type 2 diabetes mellitus (T2DM). 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 (5-HT,,R) antagonist sarpogrelate hydrochloride (SH) and 5-HT synthesis inhibitor carbidopa (CDP)
(respectively or in combination). In cell culture experiments, human glomerular mesangial cells (HMC) were
stimulated with D-glucose (D-Glu), and 5-HT,,R, 5-HT synthesis, and 5-HT degradation were inhibited by SH,
CDP, or monoamine oxidase A (MAO-A) inhibitor clorgyline. Periodic acid-Schiff (PAS) staining and Masson
staining, immunohistochemistry and Western blot, fluorescent probe, and enzyme linked immunosorbent assay
(ELISA) and enzyme reagent were respectively used to detect histopathology, protein expression, intracellular
reactive oxygen species (ROS), and biochemical indexes. 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 synthases, and MAO-A were expressed in glomerular basement membrane and kidney tubular epithelial cells
of mouse kidney and HMC. The expression of these proteins was significantly up-regulated in T2DM mice or
when HMC cells were exposed to high concentration of D-Glu. HKI, characterized by abnormal renal function,
glomerular swelling, and glomerular basement membrane thickening and fibrosis, is closely associated with an
increase in kidney 5-HT,,R, 5-HT synthesis, and 5-HT degradation. Among them, 5-HT,,R can mediate the expres-
sion of 5-HT synthases and MAO-A; MAO-A can catalyze the degradation of 5-HT to increase the production of
mitochondrial ROS, leading to the phosphorylation of nuclear factor kappa B (NF-xB) with the production of
inflammatory cytokines, and the up-regulation of matrix metalloproteinase-2 (MMP-2) and a-smooth muscle actin
(a-SMA) with the production of collagens. SH and CDP can effectively treat HKI, and the combination of SH and
CDP has a clear synergistic effect.
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The effects of sarpogrelate hydrochloride (SH) and carbidopa (CDP) (alone or in combination) on the renal function indexes of

hyperglycemic kidney injury (HKI) mice. Urine glucose (A), urine volume (B), 24 h urine protein (C), plasma creatinine (CRE, D), blood
urea nitrogen (BUN, E), and albumin (Alb, F) levels in the control (Ctrl) and HKI model (Mod) mice, as well as SH or CDP-treated and both
co-treated (SC) HKI mice were shown. = 10, x 5. “P < 0.05, P < 0.01. NS: Not significant
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Figure 2 The relevance of expression of 5-HT,, receptor (5-HT,,R), 5-HT synthetases tryptophan hydroxylase 1 (Tphl), aromatic amino
acid decarboxylase (AADC), and monoamine oxidase A (MAO-A) with oxidative stress and inflammation in kidney tissues of HKI mice.
Immunohistochemistry staining (40x; scale bar: 20 um; A), Western blot analysis of 5-HT,,R, Tphl, and AADC in the kidney tissues (B),
and small intestine tissues (C) of Ctrl and Mod mice. Expression of renal MAO-A (D), levels of plasma 5-HT (E) and renal 5-HT (F), kidney

index (kidney weight as % of body weight, G), levels of renal malondialdehyde (MDA, H), superoxide dismutase (SOD, I), glutathione
(GSH, J), tumor necrosis factor o (TNF-a, K), and interleukin-14 (IL-15, L), and phosphorylation (p-) and expression of renal inhibitor of
NF-«B (IkBa), nuclear factor kappa B (NF-«B) p65, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, M) in the Ctrl and Mod
mice, as well as SH or CDP-treated and SC HKI mice. n =10, x 5. *P < 0.05, P < 0.01
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Figure 3 The relevance of 5-HT,, receptor, 5-HT synthesis with the lesions of kidney glomerular basement membrane and fibrosis in HKI
mice. PAS staining and the analysis of glomerular area (40x; n = 8, A), expression of Col I, MMP-2, «a-SMA, and GAPDH (B), Masson
staining (40x) and the analysis of glomerular fibrosis area (n = 8, C), and levels of Col IV (n = 10, D) in the renal tissues of Ctrl and Mod
mice, as well as SH or CDP-treated and SC HKI mice. Scale bar: 20 pm. x+s *P<0.05 P < 0.0l Coll, Collagen I; MMP-2: Matrix

metalloproteinases-2; a-SMA: a-Smooth muscle actin

JEEI0, AT 78 HMC 40 i Sk W42 = B 15 5 ' /N Bk 45
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Figure 4 The relationship between 5-HT,,R, 5-HT synthesis, and 5-HT degradation and D-glucose (D-Glu)-induced ROS production,
inflammation, and fibrosis in human glomerular mesangial cells (HMC). SH (5 umol-L™"), CDP (5 pmol-L"), and clorgyline (CGL,
10 umol-L") were added to HMC. Except for Ctrl, the cells exposed to D-Glu were treated with or without drugs for 48 h. Expression of
5-HT,,R, Tphl, AADC, and GAPDH in the Ctrl and D-Glu (33 or 66 mmol-L"')-treated cells (A). Expression of Tphl, AADC, MAO-A, and
GAPDH in the Ctrl, D-Glu (33 mmol-L"')-treated with or without SH-treated cells (B). Levels of intracellular 5-HT in the Ctrl, D-Glu
(33 mmol-L")-treated with or without SH, CDP, and CGL-treated cells (C). Intracellular ROS distribution (63x) determined by fluorescent
dye staining in the Ctrl, D-Glu (33 mmol-L")-treated with or without SH or CDP-treated (alone or in combination), and CGL-treated cells
(D). Phosphorylation (p-) and expression of IxBa, NF-xB p65, and GAPDH (E), expression of Col I, a-SMA, MMP-2, and GAPDH (F), and
levels of medium TNF-a (G), IL-18 (H), and Col IV (I) in the Ctrl, D-Glu (33 mmol-L"')-treated with or without SH and CGL-treated cells.
n=4x+s."P<0.05"P<0.01
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