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    Abstract
Purpose: To evaluate the effects of low-level laser therapy (LLLT) on the retina with diabetic retinopathy (DR). Methods: Eight Wistar rats were used as a control group, and 64 rats were injected intraperitoneally with 55 mg/kg of streptozotocin to induce diabetes and served as a diabetic group. After the establishment of the DR, the rats were separated into (a) 32 rats with DR; did not receive any treatment, (b) 32 rats with DR were exposed to 670 nm LLLT for 6 successive weeks (2 sessions/week). The retinal protein was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, total antioxidant capacity (TAC), hydrogen peroxide (H2O2), and histological examination. Results: LLLT improved retinal proteins such as neurofilament (NF) proteins (200 KDa, 160 KDa, and 86 KDa), neuron-specific enolase (NSE) (46 KDa). Moreover, the percentage changes in TAC were 46.8% (P < 0.001), 14.5% (P < 0.01), 4.8% and 1.6% (P > 0.05), and in H2O2, they were 30% (P < 0.001), 25% (P < 0.001), 20% (P < 0.01), and 5% (P > 0.05) after 1, 2, 4, and 6 weeks, compared with the control. DR displayed swelling and disorganization in the retinal ganglion cells (RGCs) and photoreceptors, congestion of the capillaries in the nerve fiber layer, thickening of the endothelial cells' capillaries, and edema of the outer segment of the photoreceptors layer. The improvement of the retinal structure was achieved after LLLT. Conclusion: LLLT could modulate retinal proteins such as NSE and NFs, improve the RGCs, photoreceptors, and reduce the oxidative stress that originated in the retina from diabetes-induced DR.
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    Introduction


    Diabetic retinopathy (DR) is a prominent reason for eyesight loss, especially in developed countries, and there is an extensive clinical and research concern to manage the related microvascular complication.[bookmark: ft1][1] The microvascular complications of DR can lead to neuron degeneration, oxidative stress, inflammation, hemodynamic changes within the retina, and interruption of the retinal function and anatomy.[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6]


    The utilizing of the long wavelengths (600–1000 nm) in the region of far-red to near-infrared light is termed low-level laser therapy (LLLT), low-intensity laser therapy, low-power laser therapy, cold laser, soft laser, photobiostimulation, and photobiomodulation (PBM).[bookmark: ft7][7],[bookmark: ft8][8] This wavelength permits high tissue penetration required for wound healing as in diabetic ulcer, reduction in neurologic neck pain, optical nerve recovery, central nervous system (CNS) injury, and after ischemic stroke.[bookmark: ft9][9],[bookmark: ft10][10]


    Moreover, it was involved in treating a wide range of eye diseases such as retinopathy of prematurity, age-related macular degeneration, and possibly other eye diseases.[bookmark: ft11][11] Fortunately, the previous studies in animals with streptozotocin-induced diabetes and diabetic humans have detected beneficial effects of LLLT to alleviate the progression of DR. These included a marked decline in ganglion cell death, a 50% enhancement in the amplitude of photopic b wave ERG, reduction of the leukostasis on the retinal vessels, and inhibition of oxidative stress.[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14]


    Neurofilaments (NFs) are the cytoskeletal component of the mature neurons in the retina formed of three subunits with molecular weights of 68 KDa, 160 KDa, and 200 KDa.[bookmark: ft15][15],[bookmark: ft16][16] Their immunoreactivity has been described in the axons and the processes of retinal ganglion cells (RGCs).[bookmark: ft16][16] The anomalous expression, processing, and structure of NFs are regarded as an etiologic factor in DR. Indeed, any alteration in the synthesis of these proteins could lead to severe damages in axon structure and function.[bookmark: ft15][15],[bookmark: ft16][16] Neuron-specific enolase (NSE) is a soluble protein present in the interphotoreceptor matrix that lies between the retinal pigmented epithelium (RPE) and the neural retina and contains arrays of proteins and glycoproteins. NSE appears as a single protein fraction at 46 KDa when subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). It was considered a survival factor for photoreceptors neurons. Elevation in NSE was considered a robust biomarker of DR.[bookmark: ft17][17]


    The present study assesses the effects of LLLT on retinal protein structure, total antioxidant capacity (TAC), hydrogen peroxide (H2O2), and different retinal layers after diabetes-induced DR.


    Methods


    This study was done per the guides of the National Institutes of Health, the Association for Research in Vision and Ophthalmology and with approval of the Institutional Animal Care and Use Committee at Cairo University for the use of laboratory animals in ophthalmic and vision research. Animals were housed and maintained in a standard laboratory lighting cycle (12 h light-12 h dark) with a balanced diet and free access to water at a temperature of 25°C ± 2°C.


    Experimental animals


    Seventy-two Wistar rats weighing 200 ± 20 g and 10 ± 12 weeks age were involved in this study. All rats' eyes were examined by slit-lamp biomicroscope before induction of diabetes. The results exhibited no signs of any intraocular or periocular infection or intraocular inflammation such as infectious conjunctivitis, infectious blepharitis, keratitis, scleritis, and endophthalmitis, in all eyes. Eight rats were considered a control group (did not receive any treatment), and 64 rats were injected intraperitoneally with a single dose of 55 mg/kg of streptozotocin (C8H15N3O7, Sigma Aldrich, USA) in 0.1 M freshly prepared citrate buffer pH = 4.4. The blood glucose concentration was measured after 24 h by using a rapid blood glucose test (Accu-Check, Roche Diabetes Care, Inc., Indianapolis; USA). The diabetic group was followed up for 8 weeks until the establishment of DR. Rats with blood glucose concentration exceeded 280 ± 50 mg/dl were designated as diabetic.


    The DR group was then divided into two subgroups: (a) DR group (n = 32 rats); did not receive any treatment and divided into four subgroups (n = 8 rats) and euthanized after 1, 2, 4, and 6 weeks (b) DR group (n = 32 rats) was exposed to LLLT for 6 successive weeks.


    Low-level laser therapy


    Thirty-two rats with DR were anesthetized by intramuscular injection with 45 mg/kg ketamine hydrochloride (Ketalar®, Sandoz Canada Inc.) mixed with was 21 mg/kg pentobarbital sodium (Rematal® Sodium Taj Pharmaceuticals Limited, India). The low-level laser (670 nm) was generated from a continuous-wave diode-pumped solid-state laser (Cobolt, DPSSL-DRIVER II, China) (2 sessions/week, 3 days apart, for successive 6 weeks) and calibrated to deliver a beam intensity of 5 mW/cm2, for 90 s using a perpendicular laser prop with a spot size of 3 mm and a convex lens for beam focusing on the central retina. The distance between the laser prop and rat eye was ~7–9 cm. The weekly radiant exposure energy (energy density) was thus 900 mJ/cm2 or (~1 J/cm2) for each eye (n = 64 eyes). The rats were divided into four subgroups with n = 8 animals per group and euthanized successively after 1, 2, 4, and 6 weeks of starting LLLT.


    Retinal protein extraction


    The rats from each subgroup (n = 8; 16 eyes) were decapitated under anesthesia after the estimated periods. The eye globes were enucleated and immersed in phosphate-buffered saline (PBS) on ice. Ten eyes were cut at the posterior edge of the limbus and the cornea, while the remaining eyes (n = 6) were kept for histological examination. The retinas were removed, sliced on ice, and immersed in liquid nitrogen. Each 5 mg of tissue was homogenized with 300 μl protein lysis buffer (RIPA) with protease inhibitor (Sigma-Aldrich, Inc., St. Louis, MO) and then placed on ice for 45 min. The sample was sonicated for 20 s and then centrifuged for 20 min at 12,000 rpm. The supernatant was separated for SDS-PAGE, TAC, and H2O2 analysis.


    Sodium dodecyl sulfate-polyacrylamide gel electrophoresis


    Retinal protein composition was analyzed using SDS-PAGE using 3% stacking gel and 12% separating gel.[bookmark: ft18][18] The gel was scanned using a scanner model SG-800 imaging densitometer (Bio-Rad Laboratories Inc., USA).


    Measurement of total antioxidative capacity


    The total antioxidative capacity was determined by the interaction of antioxidants in 20 μl of the supernatant of the retina's samples with 0.5 ml of H2O2 (0.1%) as a substrate. The antioxidants presented in the retinal samples remove a defined concentration of H2O2, and the remaining H2O2 is enzymatically determined by the change of 3, 5, dichloro-2-hydroxy benzene sulfonate (0.5 ml) into a colored product measured at 505 nm using a spectrophotometer (Thermo Fisher Scientific, Madison WI 53711, USA, Evo 600).[bookmark: ft19][19]


    Measurement of hydrogen peroxide concentration


    The H2O2 present in 50 μl of the supernatant will react with 0.5 ml of a chromogen (1.0 mM/L of 3, [bookmark: ft5]5, dichloro-2-hydroxy benzene sulfonate in 100 mM/L of phosphate buffer, pH 7.0) and 2 mM/L of 4-amino antipyrin (0.5 ml) in the presence of peroxidase (>2000 U/L) to form a colored complex that is measured at 510 nm and represented the total H2O2 molecules present in the sample.[bookmark: ft20][20]


    Histological examination


    The rats' eyes (n = 6 eyes/subgroup) were enucleated and injected at the corneoscleral junction with 4% glutaraldehyde in 0.1 M PBS (pH 7.4) containing 5.4% glucose at 4°C. After 30 min, the posterior chamber of the eye containing the retina was immersed in fresh prepared glutaraldehyde buffered solution. After half an hour, the posterior part of the eye was dissected into sections (about 1 mm3) and then further fixed for 8 h with fresh glutaraldehyde buffered solution (pH 7.4).


    The sections were washed for 1 h with several changes of PBS at 4°C, fixed in 1.33% osmium tetroxide, dehydrated in cold ethanol grads (50%, 70%, 80%, 90%, and 96%), and then embedded in freshly prepared Araldite CY212 mixtures. Semithin sections were cut (about 1.0 μm) by ultratome (LKB Produkter, Sweden), fitted on glass slides, and stained with toluidine blue for light microscope examination.


    Statistical evaluation


    The result was specified as mean ± standard deviation, and the variations between different groups were analyzed employing a commercially available software package (SPSS 11 for Windows; SPSS Inc., Chicago, Illinois, USA). A one-way analysis of variance and Student's t-test was used for comparing the control with different groups. The result was considered significant at a P < 0.05.


    Results


    Sodium dodecyl sulfate-polyacrylamide gel electrophoresis for retinal proteins


    The SDS-PAGE scanning patterns for retinal proteins of the control, DR, and DR after 1 week of starting the LLLT (2 sessions/week) are illustrated in [Figure - 1]. The retinal protein for the control group was separated into nine fractions varies on their molecular weights and intensities. The DR group was characterized by shifting of the two fractions at 260 KDa and 200 KDa towards the high molecular weight region with broadening and increase in the intensity of the fraction at 160 KDa. In addition, pronounced changes in the molecular weight region between 87 KDa and 15 KDa, especially the two peaks at 68 KDa and 46 KDa, showed an increment in their intensities that decreased slightly after LLLT. By extending the DR to 2 weeks [Figure - 2], the fraction at 260 KDa was separated into two fractions (285 KDa and 250 KDa), and the two fractions at 200 KDa and 68 KDa disappeared. Moreover, there were marked increases in intensities of the three fractions at 160 KDa, 99 KDa, and 46 KDa which noticeably declined after LLLT (4 sessions).
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        	Figure 1: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 1 week for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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        	Figure 2: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 2 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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    Furthermore, after 4 weeks [Figure - 3], the DR group was characterized by splitting of the peak at 260 KDa, an increase in the intensities at 160 KDa, 68 KDa, and 46 KDa. At the same time, the group of LLLT (8 sessions) showed noticeable improvement with a slight increase in the intensities and shift in the molecular weights of some fractions. Moreover, after 6 weeks [Figure - 4], the DR group was characterized by severe alteration in all protein fractions. The fraction at 260 KDa was split into two peaks at 268 KDa and 229 KDa in addition to a marked increase in the intensity of the fraction at 160 KDa and 46 KDa. In contrast, all over the scanning pattern showed noticeable improvement in all fractions after LLLT (12 sessions).
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        	Figure 3: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 4 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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        	Figure 4: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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    Total antioxidant capacity


    [Figure - 5] represents the TAC in the retina with DR and after exposure to LLLT compared with the control group. The DR group showed a highly significant increase (P < 0.001) in the TAC after 1 week and 2 weeks with a percentage change of 79.0% and 45.2%. These increments were followed by noticeable decreases after 4 weeks and 6 weeks with percentage changes of 24.2% (P < 0.01) and −40.3% (P < 0.001) compared with the control [Table - 1]. Moreover, LLLT of the retina showed a significant increase in TAC after 1 week (P < 0.001) and 2 weeks (P < 0.01) with percentage changes of 46.8% and 14.5%, respectively. Furthermore, there were nonsignificant changes in TAC after 4 weeks and 6 weeks with a percentage change of 4.8% and 1.6% (P > 0.05) as compared with the control.
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        	Figure 5: Total antioxidant capacity of the retinal protein after 1, 2, 4, and 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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        	Table 1: Total antioxidant capacity and hydrogen peroxide concentration for the control, diabetic retinopathy (DR) and DR exposed to low level laser therapy
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    Hydrogen peroxide concentration


    The concentrations of H2O2 in the retinal samples for the control, DR group, and LLLT group are illustrated in [Figure - 6]. The data showed a highly significant elevation (P < 0.001) in the H2O2 concentration in the retina of the DR group with percentage changes of after 35%, 100%, 105%, and 155% after 1, 2, 4, and 6 weeks, respectively [Table - 1] compared to the control. In addition, LLLT significantly improved H2O2 concentration with percentage changes of 30% (P < 0.001), 25% (P < 0.001), 20% (P < 0.01), and 5% (P >0 0.05) after 1, 2, 4, and 6 weeks, respectively, compared with the control [Table - 1].
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        	Figure 6: Hydrogen peroxide concentration of the retinal protein after 1, 2, 4, and 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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    Histological analysis


    Light micrograph of the control retina [Figure - 7]a showed normal retinal layers without any changes. Histological examination after 1 week of DR [Figure - 7]b revealed the presence of severe edema in the cytoplasm of the RPE layer and swelling in the RGCs. After LLLT [Figure - 7]c, the retinal layer showed some edema in the RPE, fragmentation of nuclear chromatin of the cell bodies in the inner nuclear layer (INL), and swelling in the RGCs with intact cytoplasm. After 2 weeks, the retina with DR [Figure - 7]d showed congestion of the retinal capillaries in the nerve fiber layer (NFL), thickening of the lining endothelial cells capillaries, and swelling of the RGCs. Two weeks after LLLT [Figure - 7]e, there was revealed improvement in the RPE layer and INL, but the swelling of RGCs still persisted. Moreover, there was a thickened basement membrane of the capillaries in the NFL. The histological follow-up after 4 weeks of DR [Figure - 7]f displayed edema in-between the outer segments of the photoreceptors layer (PRL), disorganization of the photoreceptors, and swelling of RGCs with a migration of the chromatin. Furthermore, histological examination revealed unchanged retinal layers after treatment with LLLT [Figure - 7]g. After 6 weeks [Figure - 7]h, the retina with DR showed edema of the outer segment of PRL, edema of the outer plexiform layer and thick-wall capillary in the outer plexiform layer. In addition, many ganglion cell nuclei showed migration of chromatin and scanty cytoplasm while after LLLT [Figure - 7]i, the retinas showed improvement in all layers and no deviation from the control.
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        	Figure 7: (a) Light micrograph of the control retina. After 1 week: (b) Diabetic retinopathy (DR) showed severe edema in the cytoplasm of retinal pigmented epithelium (RPE) (red arrow) and swelling in the retinal ganglion cells (RGCs), (c) DR group exposed to low level laser therapy (DR + LLLT) showed edema in the RPE (black arrow), fragmentation in the inner nuclear layer (red arrows), swelling in the RGCs. Two weeks: (d) DR showed congestion of the retinal capillaries in the nerve fiber layer (NFL), thickening of the lining endothelial cells capillaries (black arrow) and swelling of the RGCs (red arrow), (e) DR + LLLT showed swelling in RGCs and the capillaries of NFL (red arrow). Four weeks: (f) DR showed edema and disorganization in the photoreceptors layer (PRL), swelling of RGCs, (g): DR + LLLT showed normal retina. Six weeks: (h) DR showed edema of the outer segment of PRL (red arrow), outer plexiform layer (black arrow), with thick-wall capillary (red arrow) and scanty cytoplasm of RGCs (i) DR + LLLT showed normal retina. (Toluidine blue, scale bar: 20 μm)
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    Discussion


    DR has been previously defined as a neurovascular disorder that is characterized by the presence of defects in the retinal vessels, retinal neurons, amacrine cells, PRL, and RGCs.[bookmark: ft21][21],[bookmark: ft22][22] The increase in oxidative stress due to blood sugar elevation leads to neuronal dysfunction, vascular leakage, and mitochondrial damage.[bookmark: ft21][21],[bookmark: ft23][23],[bookmark: ft24][24],[bookmark: ft25][25] Previous experiments on rats with short-term diabetes reported retinal protein changes, and early treatment is necessary.[bookmark: ft26][26] In diabetic albino rats, whole-body exposure to 670 nm alleviated retinal neuron degeneration that was contributed to DR.[bookmark: ft12][12] Besides, the beneficial effect of LLLT was demonstrated in patients with noncenter-involving diabetic macular edema.[bookmark: ft13][13] Moreover, PBM induces retinal protection against abnormalities induced by diabetes in pigmented animals.[bookmark: ft1][1]


    In the current study, rats with diabetes-induced DR were exposed to 670 nm, and retinal protein composition, oxidative stress (TAC and H2O2), along with retinal histology were evaluated.


    Analysis of retina protein with SDS-electrophoresis was documented previously for the investigation of different pathological conditions.[bookmark: ft27][27],[bookmark: ft28][28],[bookmark: ft29][29] However, there is a lack of literature concerned with the analysis of retinal protein with SDS-PAGE in the case of DR and LLLT. In the present work, the control retina's electrophoretic pattern reveals the presence of three different characteristic fractions that appeared at 200 KDa, 160 kDa and 68 kDa, termed as NFs corresponded to the main intermediate filaments in mature neurons.[bookmark: ft16][16] These NFs are described as NF-High, NF-Middle, and NF-Low and polymerize in the neuronal soma to form the so-called NF-triplet of 10 nm heteropolymer filaments. NFs run parallel along the axon's length, serving primarily as a structural function and are correlated with axonal caliber.[bookmark: ft30][30],[bookmark: ft31][31] Furthermore, NFs perform a critical role in the dynamics, functions, and vitality of the neural cytoskeleton.[bookmark: ft32][32] NFs have been detected mainly in the axons and processes of RGCs but undetected in photoreceptors.[bookmark: ft33][33],[bookmark: ft34][34] Moreover, the abnormal configuration of NFs in the soma and dendrites of some RGCs can produce neuronal degeneration and cell death.[bookmark: ft35][35] In the retina, NFs change in DR by accumulation in axonal swellings, which may be related to the changes in retrograde axonal transport. NF phosphorylation is increased by mild glutamate toxicity in cerebellar granule cells, suggesting that this is a potential mechanism of neurotoxicity in diabetes.[bookmark: ft36][36]


    In agreement with these data,[bookmark: ft32][32],[bookmark: ft33][33],[bookmark: ft34][34],[bookmark: ft35][35],[bookmark: ft36][36] our study detected a pronounced change in the molecular weights and intensities at 200 KDa, 160 KDa, and 68 KDa during the progression of DR indicating the abnormal composition of NFs triplet fractions. In addition, swelling in the RGCs after 1, 2, and 4 weeks and migration of the nucleic chromatin were detected by histological examination as shown in [Figure - 7]b, [Figure - 7]d, [Figure - 7]f and [Figure - 7]i reflecting severe RGCs damage. Furthermore, these changes in the DR group have an adverse effect on RGCs' survival and may induce apoptosis.[bookmark: ft37][37]


    Furthermore, the electrophoretic pattern showed another protein band at molecular weight 46 KDa that can be employed to indicate neuronal damage and cone dysfunction. This protein fraction was identified as NSE.[bookmark: ft17][17] Numerous studies have correlated with the elevated NSE levels in serum and cerebrospinal fluid in CNS-related conditions as in cases of stroke, head trauma, and sclerosis.[bookmark: ft38][38],[bookmark: ft39][39] However, two limited studies have demonstrated an increase in the synthesis and release of NSE in the serum of patients with DR when compared to non-DR patients and may be used as a sign for the incidence of DR.[bookmark: ft40][40],[bookmark: ft41][41] In addition, the elevated level of NSE in vitreous humor is thought to indicate photoreceptors damage and neuron degeneration.[bookmark: ft42][42] Despite these findings, studies on the relationship between NSE level and DR are rather limited within the literature.[bookmark: ft38][38],[bookmark: ft41][41] Generally, all these previous findings are in concordance with our results, which indicated that NSE intensity (at 46 KDa) of the DR group were significantly elevated than those of the control group all over the follow-up periods.[bookmark: ft17][17],[bookmark: ft40][40],[bookmark: ft41][41] The elevation of NSE levels in retinal samples revealed retinal neuronal injury, cone dysfunction, and photoreceptors damage. This extra release of NSE in the retinal sample may be interpreted as a marker for retinal neuron distresses and as a response of neuroprotection.[bookmark: ft43][43] Moreover, the histological examination of the retina with DR mainly after 4 and 6 weeks, showed edema and disorganization in the photoreceptor layer, as shown in [Figure - 7]f and [Figure - 7]h.


    Oxidative stress is the most important mechanism that has been responsible for diabetic end-organ damage. TAC and H2O2 levels have been used to indicate the relation between oxidative stress and tissue damage. Oxidative stress occurs when the equilibrium between antioxidants and oxidants is shifted in the preference of the latter. Oxidation has a critical role in cellular metabolism to maintain cell survival and activity.[bookmark: ft44][44] During oxidation, reactive oxygen species (ROS) are produced and normally scavenged by endogenous antioxidative systems.[bookmark: ft45][45] However, if antioxidant defenses are deficient, dysfunction and apoptosis of protein, lipids, and DNA will occur.[bookmark: ft45][45]


    Some studies have demonstrated increased antioxidants levels associated with DR.[bookmark: ft46][46] On the other hand, reduced levels of antioxidants have been observed in the retina of diabetic rats.[bookmark: ft25][25] In this regard, our data showed an elevated level of total retinal antioxidants after the 1st and 2nd weeks of DR (P < 0.001), followed by a severe reduction after the 4th (P < 0.01) and 6th weeks (P < 0.001). Alternatively, these elevations and reductions in TAC may be responsible for the alteration that occurred in retinal protein and histology.


    It is well known that H2O2 considerably increases in vitreous humor samples of cases with DR.[bookmark: ft42][42],[bookmark: ft47][47] Consequently, our results agree with these findings as H2O2 dramatically increased in the retinal samples of the DR groups, suggesting the involvement of oxidative stress in the pathogenesis of DR that leads to neuron damage produced by rod cells.[bookmark: ft48][48] Another explanation for our findings could be that as H2O2 increases after the first 2 weeks, TAC is upregulated. However, after the 4th and 6th weeks, there is an exhaustion of these protective mechanisms.


    It was believed that LLLT had healing effects on nerves by promoting photoreceptors.[bookmark: ft49][49] These photoreceptors have a capability for absorbing red to near-infrared light and triggering a metabolic reaction inside the mitochondria that is regulated by one of the respiratory chain enzymes termed as cytochrome C oxidase enzyme.[bookmark: ft50][50] The cytochrome C oxidase could absorb light photons, generate ROS, and adenosine triphosphate (ATP), causing an increase in cell respiration.[bookmark: ft14][14],[bookmark: ft51][51],[bookmark: ft52][52]


    Most of the retinal mitochondria are located at the inner segment layer of retinal photoreceptors. Thus, mitochondrial cytochrome C oxidase is believed to be a target of LLLT.[bookmark: ft53][53],[bookmark: ft54][54] Therefore, the biostimulation effect of LLLT is due to low energy deposited into tissues results in anti-inflammatory effects by upregulating mitochondrial ATP and improvement of the cell vitality.[bookmark: ft55][55],[bookmark: ft56][56],[bookmark: ft57][57] Some new data have shown low-level laser radiation can initiate many cellular bioactivities, such as proliferation, differentiation, and apoptosis.[bookmark: ft58][58],[bookmark: ft59][59],[bookmark: ft60][60] Of note, one previous report did not support the involvement of retinal photoreceptors in rats with DR.[bookmark: ft12][12] Their findings suggested that LLLT did not prevent diabetes-induced defects in ions movement in retinal photoreceptors and suggested the occurrence of beneficial effects that are independent of the mitochondrial photoreceptor. Our results contradict this study since NSE was elevated during the progression of the DR as shown in [Figure - 1], [Figure - 2], [Figure - 3], [Figure - 4]. Throughout the development of DR, some biochemical alterations related to ischemia or hypoxia-induced oxidative stress may ensue in the retina. The oxidative stress deactivates many glycolytic enzymes, as well as NSE catalyzing the conversion of 2–phosphoglycerate into phosphoenolpyruvate, in neurons.[bookmark: ft61][61] The glycolytic enzymes are upregulated to compensate the high energy requirements for the survival of the neurons under the conditions of ischemia or hypoxia.[bookmark: ft62][62] Moreover, neurodegeneration is almost concomitant with neuroregeneration, specifically in the early stage, and this may explain why the edema and disorganization of photoreceptors did not appear after week 1 and week 2. In addition, as a result of chronic exposure to stress, NSE is readily leaked from the neurons into the blood.[bookmark: ft63][63] This also may explain the constant level of NSE in all DR groups, as illustrated in [Figure - 1], [Figure - 2], [Figure - 3], [Figure - 4]. Furthermore, another previous work revealed a decline in a-wave amplitude values that begins from photoreceptors (rods and cones) and progressive decreases in the b-wave in experimental rats with DR suggested functional modifications and retinal ischemia. Consequently, the change in the b/a ratios is believed to be useful in evaluating the loss of retinal function.[bookmark: ft64][64]


    Furthermore, the improvement in NSE and retinal photoreceptors after LLLT indicating the contribution of mitochondrial photoreceptor in the process of healing by increasing the production of ATP in the mitochondria and proliferation of various cell type.[bookmark: ft56][56]


    On the other hand, the histological examination for the DR group revealed alteration in the retinal capillaries of the nerve NFL, thickening of the lining endothelial cells capillaries [Figure - 7]d, and thick-wall capillary in the outer plexiform layer [Figure - 7]h. Generally, hyperglycemia-induce thickening of the basement membrane and increasing the vascular permeability and disruption of the blood-retinal barrier (BRB). This disruption of BRB causes an accumulation of extracellular fluid in the retina, edema, and neuronal cell loss.[bookmark: ft36][36],[bookmark: ft65][65] In DR, retinal capillary nonperfusion leads to tissue hypoxia and autoregulatory congestion of arterioles, and pressure reduction in the arterioles. Arteriolar congestion decreases the resistance to flow. Consequently, the hydrostatic pressure in the capillaries and venules is increased, leading to increased leakage of fluid from the intravascular compartment into the interstitial tissue compartment as well as widening and elongation of the vessels.[bookmark: ft56][56] Furthermore, LLLT stimulates microcirculation, which results in the improvement of capillary hydrostatic pressure, which in turn results in edema absorption and elimination of intermediary metabolites.[bookmark: ft56][56]


    Limitation of the study


    The enzymatic activity, protein-binding interactions, detection of protein cofactors, and the quantitative measurements of different protein fractions cannot be determined on proteins isolated by SDS-PAGE due to the denaturation of proteins before electrophoresis. Instead, another method such as 2-DE techniques must be used to separate native proteins for investigations of structure-function relationships. Further study to compare the changes in NSE and NFs proteins quantitively may be helpful to confirm this work in particular. In addition, the effect of hyperglycemia on the DR groups and the elevation in death rate prevent the extension in the experiment time to >6 weeks.


    In conclusion, according to the results obtained from the analysis of retinal protein structure, oxidative stress, and histological examination, the NFs and NSE proteins may be potent markers that are intimately related to DR and define much about RGCs and PRCs damage. In addition, our findings afford evidence of the beneficial impact of 670 nm light therapy by improving the retinal protein structure, anatomical abnormalities, and the oxidative status originated in the retina from diabetes-induced DR.
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  Figure 1: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 1 week for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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  Figure 2: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 2 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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  Figure 3: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 4 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy


  Figure: 4
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  Figure 4: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis scanning pattern of the retinal protein after 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy
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  Figure 5: Total antioxidant capacity of the retinal protein after 1, 2, 4, and 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy


  Figure: 6
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  Figure 6: Hydrogen peroxide concentration of the retinal protein after 1, 2, 4, and 6 weeks for the control, diabetic retinopathy (DR) group, and DR group exposed to low level laser therapy


  Figure: 7
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  Figure 7: (a) Light micrograph of the control retina. After 1 week: (b) Diabetic retinopathy (DR) showed severe edema in the cytoplasm of retinal pigmented epithelium (RPE) (red arrow) and swelling in the retinal ganglion cells (RGCs), (c) DR group exposed to low level laser therapy (DR + LLLT) showed edema in the RPE (black arrow), fragmentation in the inner nuclear layer (red arrows), swelling in the RGCs. Two weeks: (d) DR showed congestion of the retinal capillaries in the nerve fiber layer (NFL), thickening of the lining endothelial cells capillaries (black arrow) and swelling of the RGCs (red arrow), (e) DR + LLLT showed swelling in RGCs and the capillaries of NFL (red arrow). Four weeks: (f) DR showed edema and disorganization in the photoreceptors layer (PRL), swelling of RGCs, (g): DR + LLLT showed normal retina. Six weeks: (h) DR showed edema of the outer segment of PRL (red arrow), outer plexiform layer (black arrow), with thick-wall capillary (red arrow) and scanty cytoplasm of RGCs (i) DR + LLLT showed normal retina. (Toluidine blue, scale bar: 20 μm)
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  Table 1: Total antioxidant capacity and hydrogen peroxide concentration for the control, diabetic retinopathy (DR) and DR exposed to low level laser therapy
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