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    [摘要]  目的  观察650 nm半导体激光（功率2 mW）照射以视锥细胞为主的鸡视网膜后是否存在慢性

光损伤，探讨该波段激光对视网膜的安全性。方法  采用随机数字表法将60只自然光线下饲养1个月的小

鸡分为正常对照组、照射3 -min组、照射6-min组和照射30-min组，每组15只。采用650 nm激光并按照分组

不同各组小鸡双眼每日接受不同时间的激光照射。分别于激光照射后1个月（2月龄鸡）、3个月（4月龄鸡）

和6个月（7月龄鸡）各组任选5只进行活体光相干断层扫描(OCT)检查，测定鸡的相对视网膜面积；采用过

量麻醉法处死并制备视网膜切片，行苏木精-伊红染色和TUNEL染色，分别观察各组鸡视网膜面积变化和视

细胞凋亡情况；实验眼制备视网膜匀浆，分别采用TBA法和NBT法检测鸡视网膜中丙二醛质量摩尔浓度和

超氧化物歧化酶(SOD)比活性；采用Western blot法检测鸡视网膜中L/M视蛋白和视紫红质蛋白的表达。

结果2月龄时鸡照射30-min组视网膜中丙二醛质量摩尔浓度高于正常对照组，差异有统计学意义(P＜

0. 05)，4月龄时激光照射6-min组和照射30-min组丙二醛质量摩尔浓度均高于正常对照组，差异均有统计学

意义(P=0. 026、0.003)，7月龄时所有激光照射组鸡视网膜中丙二醛质量摩尔浓度均高于正常对照组，差异

均有统计学意义(P=0.038、0.032、＜0.01)。7月龄时激光照射30-min组鸡视网膜中SOD比活性和视紫红质

蛋白相对表达量均低于正常对照组[ SOD: (140.20±5.99)( nmol/s·mg)与(160. 57±3. 13)( nmol/s·mg)；视

紫红质蛋白：0. 392±0. 065与0.566±0.072]，差异均有统计学意义（均P＜0.05）。OCT检查显示，照射3-min

组、照射6-min组和照射30-min组6个月内鸡视网膜相对面积及形态与正常对照组相比无明显差别；组织病

理学检查显示各照射组鸡视网膜厚度均接近正常对照组，TUNEL染色显示各组鸡视网膜细胞排列整齐，未发

现TUNEL阳性染色细胞。  结论实验鸡眼接受650 nm半导体激光照射时，用2mW的功率每日照射6 min

持续6个月不引起明显光损伤；每日照射30 min持续6个月引起视网膜中自由基含量增高和视紫红质减少，

提示存在光损伤。

[关键词]  光/不良作用；视网膜；激光/治疗用途；红光；氧化应激；凋亡；鸡
基金项目：安阳市科技攻关项目(20180084)

:10. 3760/cma. j. cn115989-20200519-00359

Safe dose of 650 nm low-power semiconductor laser irradiation in chicken retina

Wang YipengChen SongYang Wenchao Kong Jiahui

版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



版权所有(c)国家科技图书文献中心         D24022001144ZX00



@@[ 1] Beirne K,Rozanowska M, Votruba M. Photostimulation of mitochondria 

       as a treatment for retinal neurodegeneration [ J]. Mitochondrion, 2017,

       36 : 85-95. DOI: 10. 1016/j. mito. 2017.05. 002.
@@[ 2 ]  Eells J T,Gopalakrishnan S,Valter K. Near-infrared photobiomodulation in 

       retinal injury and disease [ J ]. Adv Exp Med& Bio, 2016, 854 :
      437-441. DOI: 10. 1007/978-3-319-17121-0_58.
@@[ 3] Merry GF, Munk MR, Dotson RS, et al. Photobiomodulation reduces 

       drusen volume and improves visual acuity and contrast sensitivity in dry 

       age-related macular degeneration [ J ] . Acta Ophthalmol, 2017,95 (4) :

      270-277. DOI: 10. 1111/aos. 13354.
@@[ 4] Geneva Ⅱ. Photobiomodulation for the treatment of retinal diseases: a 

      review[J]. Int J Ophthalmol,2016,9(1) : 145-152. DOI: 10. 18240/
      ijo. 2016.01.24.
@@[ 5 ] Rojas JC, Gonzalez-Lima F. Low-level light therapy of the eye and brain 

       [ J]. Eye Brain ,2011,3:49-67. DOI:10. 2147/EB. S21391.
@@[6]王淑荣，吴煜波，何宇茜，等.视网膜光损伤的研究进展[J].中华眼
    视光学与视觉科学杂志，2015,17(10)：633- 636. DOI: 10. 3760/
    cma.j. issn. 1674-845X. 2015. 10. 015.
    Wang SR,Wu YB, He YX, et al. Progress in research on retinal light 

    damage[J]. Chin J Optom Ophthalmol Vis Sci, 2015, 17 (10):
    633-636. DOI: 10. 3760/cma.j. issn. 1674-845X. 2015.10. 015.

@@[7]姜文静，张丽娜，于晓，等.内质网应激对光照诱导的人视网膜色素
    上皮细胞损伤的促进作用[J].中华实验眼科杂志，2017,35(9)：
    816-823. DOI: 10.3760/cma.j. issn. 2095-0160. 2017.09. 010.

    Jiang WJ,Zhang LN, Yu X, et al. Mediated effects of endoplasmic 

       reticulum stress on light-induced apoptosis and inflammation of human 

       retinal pigment epithelial cell [ J ]. Chin J Exp Ophthalmol, 2017,35

       (9) : 816-823. DOI: 10. 3760/cma. j. issn. 2095-0160. 2017.09. 010.

@@[ 8] Organisciak DT, Vaughan DK. Retinal light damage:mechanisms and 

      protection[J]. Prog Retin Eye Res,2010,29(2) : 113-134. DOI: 10.

       1016/j. preteyeres. 2009. 11. 004.
@@[9]吴小兰，邱良秀，王双勇，等.650 nm半导体激光照射豚鼠视网膜
    诱导细胞凋亡及Fas蛋白的表达[J].第三军医大学学报，2010，
    32(14):1563-1565.
@@[ 10] Jha KA, Nag TC, Wadhwa S, et al. Expressions of visual pigments and 

       synaptic proteins in neonatal chick retina exposed to light of variable 

       photoperiods[ J]. J Biosci, 2016,41 ( 4 ) : 667 - 676. DOI: 10. 1007/
       s12038-016-9637-6.

@@[ 11 ] Kostic C, Arsenijevic Y. Animal modelling for inherited central vision 

       loss[ J]. J Pathol, 2016, 238 (2) : 300- 310. DOI: 10. 1002/path.
       4641.
@@[ 12] Díaz NM, Morera LP, Tempesti T, et al. The visual cycle in the inner 

       retina of chicken and the involvement of retinal G-protein-coupled 

       receptor (RGR) [ J]. Mol Neurobiol,2017,54(4) : 2507-2517. DOI:
       10. 1007/s 12035-016-9830-5.

@@[ 13 ] Saliba A, Du Y, Liu H, et al. Photobiomodulation mitigates diabetes

       induced retinopathy by direct and indirect mechanisms: evidence from 

       intervention studies in pigmented mice [ J/OL ]. PLoS One, 2015,
       10(10) : e0139003 [ 2020 - 01 - 06 ]. https://journals. plos. org/

       plosone/article? id = 10. 1371/journal. pone. 0139003. DOI: 10. 1371/

      journal. pone. 0139003.
@@[ 14] Natoli R, Valter K, Barbosa M, et al. 670 nm photobiomodulation as a 

       novel  protection  against  retinopathy  of prematurity: evidence from 

       oxygen induced retinopathy models [ J/OL ]. PLoS One, 2013,8 (8) :

       e72135 [ 2020-01 - 19 ]. http ://journals. plos. org/plosone/artide? id =

       10. 1371/journal. pone0072135. DOI : 10. 1371/j ournal. pone. 0072135.

@@[ 15] Begaj T, Schaal S. Sunlight and ultraviolet radiation-pertinent retinal 

       implications and current management [ J ]. Surv Ophthalmol, 2018,

       63 (2) : 174-192. DOI : 10.1016/j. survophthal. 2017.09. 002.

@@[ 16] Cia D, Cubizolle A, Crauste C, et al. Phloroglucinol protects retinal 

      pigment epithelium and photoreceptor against all-trans-retinal-induced 

      toxicity and inhibits A2E formation[J]. J Cell Mol Med,2016,20(9) :

       1651-1663. DOI: 10.1111/jcmm. 12857.
@@[ 17]Wenzel A, Grimm C, Samardzija M, et al. Molecular mechanisms of 

      light-induced photoreceptor apoptosis and neuroprotection for retinal 

       degeneration [ J ]. Prog Retin Eye Res, 2005,24 ( 2 ) : 275 - 306. DOI :

       10. 1016/j. preteyeres. 2004.08. 002.
@@[ 18] Youssef PN, Sheibani N, Albert DM. Retinal light toxicity [ J ]. Eye 

       (Lond), 2011,25 ( 1 ) : 1 - 14. DOI : 10.1038/eye. 2010.149.

@@[ 19 ] Wu J, Seregard S, Algere PV. Photochemical damage of the retina [ J ].

      Surv Ophthalmol,2006,51 ( 5 ) : 461-81.

:2019-03-19 :2020-05-19

版权所有(c)国家科技图书文献中心         D24022001144ZX00


