Delphinidin regulates the NF-κB/AP-1/caspase-3 pathway to protect against apoptosis of retinal photoreceptors under conditions of photochemical damage
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Materials and methods
Reagents and instruments 
For this study, delphinidin (25%) ( DaXingAnLing Lingonberry Boreal Biotech, Heilongjiang, China), delphinidin (98%) and dimethyl sulfoxide (DMSO) (St. Louis, MO, USA) were used. Fetal bovine serum (FBS) was purchased from Gbico(Grand Island, NY, USA). DMEM/HIGH CLUCOSE medium, phosphate buffered saline (PBS) and penicillin-streptomycin solution was purchased from HyClone(Logan, Utah, USA); Z-DEVD-FMN (caspase-3 inhibitor) was supplied by MedChemExpress (New Jersey, USA); Cell counting kit-8 (CCK-8) was supplied by Dojindo (Kyushu, Japan); Hematoxylin–eosin staining kit, Annexin V-FITC Apoptosis Detection Kit,One Step TUNEL Apoptosis Assay Kit, Immunol Fluorence Staining Kit with Cy3, Nuclear and Cytoplasmic Protein Extraction Kit were all purchased from Beyotime Biotechnology(Nanjing, China). The GAPDH antibody was purchased from Beijing zhongshan Jinqiao Biotechnology Co., Ltd. (Beijing, China), and cleaved-caspase-3 was supplied by Abcam (Cambridge, UK), other all antibodies were all purchased from Cell Signaling Technology Inc. (MA, USA). Immobilon Western HRP substrate was purchased from Millipore(Mass, USA).In addition, the CMC-Ⅱ cell illuminator was homemade instrument, which has been applied for and obtained a patent (Patent Certificate No.: ZL 201821939405.1).

Table 1 RRID code information  

	name
	         RRID 

	661W cell line
	CVCL_6240

	NF-κB p65 
	AB_10859369

	P-NF-κB p65
	AB_331284

	NF-κB p105/p50 
	AB_2665516

	p-IκBα 
	AB_10829358

	IκBα 
	AB_10694416

	c-jun 
	AB_2130165

	c-fos 
	AB_10828199

	Cleaved Caspase-3 
	AB_214430

	Caspase-8 
	AB_10545768

	Caspase-9
	AB_2068620


Animal model and treatment
All Sprague‐Dawley rats（2-3 months of age, weight 250 ± 20 g) were purchased from Chengdu Dashuo Experimental Animal Co., Ltd., animal production license No. : SCXK (Sichuan) 2015-030. Sixty SD rats were randomly divided into three groups: blank group, model group and delphinidin group, with 20 rats in each group. All rats maintained in SPF-class housing of laboratory. The blank group were routinely fed for 30 days, model group were routinely fed for 28 days then dark adaptation for 24 h and treatment with 3000 ± 200 lux light for 24h, and delphinidin group were continuously oral administered 100 mg/kg/d delphinidin for 28 days and dark adaptation for 24 h after drug withdrawal, then treated with 3000 ± 200 lux light for 24 h. In this research, all operations were conformed to the Guide to the Care and Use of Laboratory Animals which was issued by the Ministry of Science and Technology of China in 2006, and in accordance with the standards of the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.  
Hematoxylin–eosin staining
The SD rats were killed by cervical dislocation and the left eyeballs were removed. After the floating blood was washed by pre-cooled normal saline, dried eyeballs with filter paper then fixed in 4% paraformaldehyde for 2 h. Samples were cut longitudinally in sagittal direction along the optic nerve 5-μm‐thick sections, after which they were dehydrated with gradient ethanol, and embedded in paraffin. The sections were stained with hematoxylin‐eosin and examined under inverted microscope.
TUNEL staining
Sections were prepared by the same method as the hematoxylin–eosin staining experiment, then the tissue sections were dewaxed and soaked in UP water for 5 min. After microwave repair with citric acid for 8 min, sections were washed with PBS 3 times（5 min each）. Fluorescent TUNEL (Terminal-deoxynucleoitidyl Transferase Mediated Nick End Labeling) incubation solution (A:B=1:30) was prepared in the dark environment, and the sections were stained in 37℃ environment for 1 h. then washed by PBS three times, (5 min each), and DAPI was added for 15 min. Finally, sections were washed three times with PBS（5 min each）and sealed with glycerin gelatin, observed under an inverted fluorescence microscope, and photographed for analysis.
Weston blot
The SD rat retinas were isolated by sterilized and precooled tools. Tissue blocks were placed in tissue tubes on ice and cell Lysis buffer (‰1 protease inhibitor mixture+1% PMSF+98.9% Cell lysis buffer for Western and IP)  (P0013, Beyotime, Shanghai, China) was added in it（60 μL cell Lysis buffer per 1 mg tissue）.Samples were homogenized according to the preset procedure (6.0 m/s, 30 s/cycle, three cycles in total) then tubes were put on ice for 1 hour. Samples were Freeze centrifuged by 12000 RPM for 20 min. The supernatant (no precipitation) was absorbed and transferred to a new EP tube, which was then placed on ice to prevent protein degradation. The protein concentration was determined by BCA method (P0012, Beyotime, Shanghai）. 80 μg protein samples were separated by 12.5% or 10% SSDS PAGE and then electronically transferred to PVDF membrane under standard conditions. PVDF membrane was blocked in Every Blot Blocking Buffer（12010947，Bio-Rad，USA）for 5-10 min then soaked in primary antibody, then incubated overnight in 4℃ refrigerators by shaking. Bands were washed by TBST for 3 times（10 min each）, and incubated in second antibody for 90 min at room temperature. At last，the bands were washed by TBST for 3 times（10 min each）, and added with immobilon western Chemilum HRP Substrate (Millipore, WBKLS0500, USA) for photograph. The results were analyzed by Image J (V1.8.0) which was developed by the US National Institute of Mental Health.
Cell lines and treatments
661W cells were purchased from Shanghai Alu Biological Co., LTD., China. According to the results of the preliminary experiment, the cells were divided into 5 groups :(1) blank group, conventional culture for 48 h, new medium was replaced at 24 h; (2) model group, cells were placed in a cell incubator with CMC-II type illuminator and cultured for 48 h with 2000 ± 200 lux light, and new medium was replaced at 24 h; (3)model+Z-DEVD-FMN group: cells were cultured under 2000 ± 200 lux light intensity for 48 h, complete medium was used for the first 24 h, and the medium containing Z-DEVD-FMN (concentration of 10 μM)was changed the next 24 h. (4) model+delphinidin group, cells were cultured under 2000 ± 200 lux light intensity for 48 h, complete medium was used for the first 24 h, then medium containing delphinidin (concentration 5 μM) was used for the second 24 h; (5) blank+delphinidin group was cultured for 48 h in the dark conditions. Complete medium was used for the first 24 h, then medium containing Delphinidin (concentration 5 μM) was used for the second 24 h.
Cell counting kit-8 assay  
Logarithmic growth phased 661W cells with good growth status were selected and inoculated with of 200 μL cell suspensions per well (concentration 2.5×104 cells /mL, 5000 cells/well) in 96-well culture plate. The 661W cell RPD model was established according to method 2.5. CCK-8 solution was prepared (CCK-8 reagent accounted for 10% of the total medium volume), and the medium for each group was replaced with CCK-8 solution, 100 μL for each well. Three blanks wells were added for each plate (no cells, only CCK-8 solution), and incubated for 1.5 h under 37℃ in the dark conditions. The well plates were placed in enzyme standard instrument, and the optical density (OD) of each group was measured by 450 nm wavelengths. Cell survival rate of each group was calculated according to the formula for CCK-8 kit instructions.
Transmission electron microscopy
Logarithmic growth phased 661W cells with good growth status were selected and inoculated in T25 culture flask (concentration 7.5×104 cells /mL), and modeled according to the 2.5 experimental scheme. The sample was pre-fixed with 3% glutaraldehyde and then fixed with 1% osmium tetroxide. After dehydration with acetone step by step, the concentration gradient of dehydrating agent is 30%→50%→70%→80%→90%→95%→

100% (change 3 times in 100% concentration); The samples were permeated through 30~60 min in three kinds of permeating solution to different ratios of sequence. The infiltrated sample block was put into the mold and buried well, then the sample was prepared into ultra-thin slices about 50 nm thick, and carefully scooped onto the copper net. Uranium acetate was stained for 15 min at room temperature, and then lead citrate was stained for 2 min. At last, the samples were observed and photographed under transmission electron microscope. The steps after the glutaraldehyde fixation were completed by Chengdu Lilai Biological Technology Co., LTD.
Flow cytometry analysis
Annexin V-FITC/ PI apoptosis kit (Beyotime, Shanghai, China) was used to detect the apoptosis rate of all groups. After the 661W cells model was established, the adherent and suspended cells of each group were digested by trypsin and collected, and centrifuged for 5 min at 800 r/min, then washed with pre-cooled PBS (4℃) for 2 times. Annexin V-FITC, PI dye and 1×Binding Buffer were mixed at a volume ratio of 1:1:100, and added to each group of 500 μL at room temperature and incubated for 15 min under dark conditions. Flow cytometry FITC/PI channel was used to detect cells in each group (FITC:Ex=488nm, Em=530nm; PI: Ex=535 nm, Em= 615 nm).
RNA extraction and quantitative real-time PCR 
FastPure® Cell/Tissue Total RNA Isolation Kit V2 was used to extract 661W Cell RNA (Vazyme, RC122, China). HiScript® III RT SuperMix for qPCR(+gDNA wiper)was used for reverse transcription RNA. The Bio-RAD CFX Manager 3.1 Assay system was used for real-time quantitative PCR (RT-QPCR) assays (Bio-Rad,USA). Primers of NF-κB p65/p50、IκBα、c-jun/c-fos、caspase-3/-8/-9、β-actinp were purchased from Sangon Biotech(Shanghai, China). Primer sequences are shown in Table 1, 2-ΔΔCt method was used to calculate the expression of the target gene and the reference gene β-actin.
Table 2 Name and sequence of probe and primers
	probe primer
	sequence（5’→3’）

	NF-κB p65 F
	GCTGTGCCTACCCGAAACTC

	NF-κB p65 R
	GCCTGGTTTGAGATCTGCCC

	NF-κB p65 Probe
	ACACCTTCCCAGCATCCCTCAGCACCA

	NF-κB p50 F
	CACCAAGACGGAACCCATCG

	NF-κB p50 R
	TAGTCGAAAAGGGCGTTGGC

	NF-κB p50 Probe
	TCTTGAGAAGGCTCTGCAGCTCGCCAG

	IκBα F
	AGGCACTTCTGAAAGCTGGC

	IκBα R
	AGGACGGAGTGGAGATGCTG

	IκBα probe
	ATCTTGCCTGTGAGCAGGGCTGCCT

	c-jun F
	CATGGAGTCTCAGGAGCGGA

	c-jun R
	CAGCTTCCTTTTCCGGCACT

	c-jun probe
	ATGAGGAACCGCATTGCCGCCTCCA

	c-fos F
	GTGGAGCTGAAGGCAGAACC

	c-fos R
	GTCCACATCTGGCACAGAGC

	c-fos probe
	TTCCGGCATCATCTAGGCCCAGTGGCT

	Caspase-3 F
	AGGAAGGTGGCAACGGAATT

	Caspase-3 R
	ATGGACACAATACACGGGATCTG

	Caspase-3 probe
	CCTGGACTCCACTTTCCACGCAAAGA

	Caspase-8 F
	ACTGCAAATGAAATCCACGAGATT

	Caspase-8 R
	TGGGATAGGATACAGCAGATGAAG

	Caspase-8 probe
	TAGAAGGCTACCAAAGCGCAGACCACA

	Caspase-9 F
	TGCAAATGAAATCCACGAGATT

	Caspase-9 R
	TGGGATAGGATACAGCAGATGAAG

	Caspase-9 probe
	TAGAAGGCTACCAAAGCGCAGACCAGA

	β-actin F
	CACTTTCTACAATGAGCTGCG

	β-actin R
	CTGGATGGCTACGTACATGG

	β-actin probe
	TCTGGGTCATCTTTTCACGGTTGGC


661W cell Western blot
The RPD model of 661W cells was established,then abscission and adherent cells were collected in each group, and 200 μL cell lysis solution (1 protease inhibitor mixture (1000)+ 1% PMSF + 98.9% cell lysis solution) was added to each bottle . After 15 min of ice lysis, all lysis products were moved to EP tube for eddied 30 s, placed in a refrigerated high-speed centrifuge, centrifuged at 4℃, 12000 g for 20 min, labeled and collected supernatant of each group. The measured protein concentration was then measured by BCA method (Beyotime, Shanghai, China), where 50 μg protein samples were separated by 10% , 12.5% or 15% SDS PAGE, and then electronically transferred to PVDF membrane under standard conditions. PVDF membrane was blocked in EveryBlot Blocking Buffer（12010947，Bio-Rad，USA）for 5-10 min then soaked in primary antibody, and incubated overnight in 4℃ refrigerators by shaking. Bands were washed by TBST for 3 times（10 min each）, and incubated in second antibody for 90 min at room temperature. At last，the bands were washed by TBST for 3 times（10 min each）, and added with immobilon western (Millipore, WBKLS0500,USA) for photograph. The results were analyzed by Image J (V1.2.4) which was developed by the US National Institute of Mental Health.
Immunofluorescence staining 
The RPD model of 661W cells was established, then he medium was discarded, and the 4℃ precooled 4% paraformaldehyde was added to fixation for 15 min, then gently soaked with PBS twice（3 min each time）. Sealing buffer solution (5% BSA +3%Triton-100) was added to each dish to seal for 60 min. Diluted antibody phospho-NF-κB p65 or c-jun. (proportion 400:1), were changed into confocal petri dishes incubated overnight at 4℃ and gently rinsed with PBS for 3 times（5 min each）. Diluted fluorescent secondary antibody（proportion 500: 1）was added into confocal petri dishes, and incubated at room temperature without light for 2 h and gently rinsed with PBS for 3 times（5 min each）. DAPI dye liquor was added, and the dye was abandoned after staining for 5 min at room temperature without light. The dye solution was discarded and gently rinsed with PBS for 4 times(5 min each) , then anti-quench seal tablets were dropped to ensure all cells were covered. Confocal microscopy was used to observe the expression and localization of phospho-NF-κB p65 and c-jun fluorescence signals.The red fluorescent dye Cy3 absorption peak is 550 nm, emission peak is 570 nm, and the green fluorescent dye FITC emission peak is 492 nm, and emission peak is 520 nm.
Western blot analysis of nuclear protein
Western blot was used to detect the protein expression levels of phospho-NF-κB p65 and c-jun in the nuclei of each group. Cells in each group were collected and then   nuclear protein was extracted by nuclear and cytoplasmic protein extraction kit（P0028，Beyotime, Shanghai, China）.Thus the collected supernatant was nuclear protein. Quantitative electrophoretic color rendering was the same as in experiment 2.10，but the primary antibodies were replaced with phospho-NF-κB p65 and c-jun antibody (dilution ratio =1:1000).
Statistical analyses
SPSS 25.0 statistical software was used for statistical analysis of all data obtained in the experiment. The results were expressed as the mean ± SD, one-way ANOVA was used for comparison between the two groups, and LSD method was used for comparison between the groups. The test level was α = 0.05.
