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Role of Shh-PARP-1 signaling pathway in the protective effects of tea polyphenols against fatty acid-induced

injury to islet microvessel endothelial function
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[ Abstract |  Objective  To investigate the role of Shh-PARP-1 signaling pathway in the protective effects of tea
polyphenols against the fatty acid-induced islet microvessel endothelial function injury. Methods Mouse islet microvessel
endothelial MS-1 cells were used in this study, and the cells were divided into normal control group, solvent group. fatty acid
group (0. 25 mmol/L palmitic acid + 0. 5 mmol/L oleic acid), tea polyphenols group (25 pmol/L), fatty acid + tea
polyphenols group, PARP-1 inhibitor (8 pmol/L BYK204165) —+ fatty acid group, PARP-1 inhibitor + fatty acid + tea
polyphenols group, Shh inhibitor (2. 5 ymol/L cyclopamine) + fatty acid group, Shh inhibitor + fatty acid + tea polyphenols
group and inhibitors of Shh and PARP-1+ fatty acid +tea polyphenols group. The changes of cell viability, apoptosis, nitric
oxide (NO) synthesis and oxidative stress related indicators were examined in each group. Results After fatty acid treatment,
the survival rate of MS-1 cells was decreased, and the level of apoptosis was significantly increased (P<C0. 05); meanwhile,
fatty acid treatment also significantly increased the content of NO, and the activities of total nitric oxide synthase (tNOS),
inducible NOS (iNOS) and constitutive NOS (cNOS) in the cells (P<C0. 05). Moreover, the lipid peroxidation product,
malondialdehyde (MDA) was remarkably elevated and the levels of antioxidants, glutathione (GSH) and superoxide dismutase

(SOD), were significantly decreased in response to fatty acid (P<C0. 05); the expression of PARP-1 and phosphorylated Shh
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(pShh) was significantly increased (P<C0. 05). Tea polyphenols could significantly attenuate the toxic effects of fatty acids
concerning all the detected indicators (P<C0. 05). Moreover, after pretreatment with Shh-PARP-1 inhibitors BYK204165 and

cyclopamine for 1 h, the protective effects of tea polyphenols were markedly enhanced. There were no significant difference in

the detected indicators as compared with controls (P>>0. 05). Conclusion Fatty acid can directly trigger islet microvessel

endothelial function injury, and tea polyphenols shows a protective effect against the toxicity of fatty acid, which can be

enhanced by inhibiting Shh-PARP-1 signal pathway.
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Tab 1 Effect of tea polyphenols on fatty acid-induced MS-1 cell viability and apoptosis
and the regulating role of Shh-PARP-1 pathway

Group

Control

DMSO

Tea polyphenols

Fatty acid

Fatty acid+tea polyphenols

PARP-1 inhibitor+fatty acid

PARP-1 inhibitor+{atty acid+tea polyphenols

Shh inhibitor+fatty acid

Shh inhibitor+fatty acid+tea polyphenols
Shh-PARP-1 inhibitors—+{fatty acid+tea polyphenols

%, n=3, ks
Cell survival rate Cell apoptosis rate
100. 0040. 00 2.55740. 49
98.7942. 36 2.7640. 41
99.10+1.67" 2.88740.52*
40, 98+3. 87~ 13.1642.19*
68.28+4.29*4 7.02+1. 114
52.14+4. 09 8.93+2.01%
82. 745,134 3.8640.76*4
50.67+3.68* 10. 2442, 05*
76.64+5. 654 4, 28+0.83*4
96. 9943, 724 2.19+0, 482

DMSO: Dimethyl sulphoxide; Shh: Sonic Hedgehog; PARP-1: Poly(ADP-ribose) polymerase 1. * P<C0. 05 vs control group; £ P<C0. 05

vs fatty acid group
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Tab 2 Effect of tea polyphenols on fatty acid-induced NO content and NOS activity
and the regulating role of Shh-PARP-1 pathway
n=3, ks
G NO content tNOS activity iNOS activity cNOS activity
Jrou
P (pmol + g 1) (Uemg b (U+mg 1 (Uemg b

Control 88.16+09.78 9.94+1. 24 7.2140.76 3.1140. 49
DMSO 89.53+10.12 10. 2341. 23 7.18%0. 75 3.29%0. 41
Tea polyphenols 90. 68+11. 45~ 10.15£1.19* 7.11£0.72" 3.47+0. 447
Fatty acid 192. 574-20. 50* 23.23%+2.74* 13.44=+1.11* 9.2740. 89*
Fatty acid+tea polyphenols 142. 94414, 12*4 17.1141. 86*4 9.54+0.83*4 6.2140.51*4
PARP-1 inhibitor+fatty acid 175. 46416, 26 * 20.68+2.45* 12.78+1.14* 7.25+0. 83
PARP-1 inhibitor+fatty acid+tea polyphenols 120. 58413.55* 4 13.5841.09*4 8.88+0.89*4 4,8940.51*4
Shh inhibitor+fatty acid 181. 76417. 08" 22.85+1.67" 11.6741. 08" 8.95+0. 74~
Shh inhibitor+fatty acid+tea polyphenols 129. 84414, 22+~ 21.43+1.75*4 9.3540.92*4 5.267F0, 484
Shh-PARP-1 inhibitors+fatty acid+tea polyphenols 92. 69410, 75* 2 9.74+1. 144 6.98+0. 754 3.1140.40*4

NO: Nitric oxide; tNOS; Total nitric oxide synthase; cNOS: Constitutive nitric oxide synthase; iNOS: Inducible nitric oxide synthase;
DMSO: Dimethyl sulphoxide; Shh: Sonic Hedgehog; PARP-1: Poly(ADP-ribose) polymerase 1. * P<C0. 05 vs control group; 2 P<C0. 05 vs

fatty acid group

2.3 FK B BRI 5 0 AL BB B A 6 F
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Tab 3 Effect of tea polyphenols on fatty acid-induced oxidative stress and the regulating role of Shh-PARP-1 pathway

n=3, xts
Group ROS(X107%) 0D GSH MDA

(Uemg b (pmol » mg™— 1) (nmol » mg~1)
Control 0.408+0. 012 25.19+4. 31 0.85%0.13 0.31%0. 05
DMSO 0.41240. 015 25. 24714, 28 0.83+0. 16 0. 3340. 07
Tea polyphenols 0.41640. 021" 25.39+4. 13" 0.81+0.15" 0.34+0.05*
Fatty acid 16.24+0. 42* 5.93%+1.25% 0.22%0.05% 0.82%+0.11~%
Fatty acid+tea polyphenols 11. 160, 22*4 8.24+1.64%4 0.37+0.11*4 0.58+0.08*4
PARP-1 inhibitor+f{atty acid 13.46+0. 43* 6.01+1.71* 0.29+0.09* 0.73+0.09*
PARP-1 inhibitor+fatty acid+tea polyphenols 10. 2340. 06 * 4 17. 4443, 23" 2 0.70£0.10*4 0.45240.06*4
Shh inhibitor+fatty acid 14.3340. 37* 5.92+1. 167 0.35740.04* 0.794+0. 10"
Shh inhibitor+fatty acid+tea polyphenols 1. 39540. 5204 15.28+2.86*4 0.63+0.06*4 0.49+0.08*4
Shh-PARP-1 inhibitors+{atty acid+tea polyphenols 0.42840.015*4 24,6944, 755 0.8240.11*4 0.32740.04*4

SOD: Superoxide dismutase; MDA Malondialdehyde; GSH: Glutathione; ROS: Reactive oxygen species; DMSO: Dimethyl sulphoxide;
Shh; Sonic Hedgehog; PARP-1: Poly(ADP-ribose) polymerase 1. * P<C0. 05 vs control group; & P<C0. 05 vs fatty acid group
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