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Purpose: To characterize the histopathological and immunological findings of a rat model of allergic blepharoconjunctivitis (BC) and demonstrate its potential utility for the assessment of BC therapies.

Methods: Sprague–Dawley (SD) rats were immunized with ovalbumin (OVA) and topically challenged with OVA (BC group) or PBS (control group), while a corticosteroid group was pre-treated with triamcinolone acetate 24 h before the challenge. Morphological features were evaluated and tissues were harvested for histological, flow cytometry and cytokine analysis.

Results: The BC group rats developed eyelid excoriations, redness, and conjunctival edema 24 h after the OVA challenge, while corticosteroid pre-treated and PBS-challenged rats were unaffected. The BC features were reduced despite repeated challenges for 5 days. Massive immune cell infiltration was observed in conjunctivae of BC rats, while no significant infiltration was seen in the other groups. Populations of T cells, mono-macrophages, neutrophils, and NK cells made up more than 77% of CD45+7AAD− cells in the conjunctival tissues. T cell proportions were increased at 96 h compared to 24 h post-challenge, while macrophages decreased during the same time period. Eosinophils and intraepithelial neutrophils were detected in the BC rats, but not in the PBS and corticosteroid groups. BC eyes had significantly higher levels of IFN-γ and IL-2, while IL-4 and IL-6 levels were similar to controls.

Conclusion: A robust BC response was detected in this rat model which was suppressed by corticosteroid pre-treatment. Immune cell composition and cytokine profiles changed over time.
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1. Introduction

Allergic blepharoconjunctivitis (BC) is a common ocular condition characterized by inflammation of the conjunctiva, cornea, and eyelids. Symptoms of allergic BC include tearing, itching, pain or swelling, and in more severe cases, corneal edema, scarring, or secondary infections leading to vision loss (1–3). Experimental models of immune-mediated allergy have been established to assess the immunological mechanisms of the disease and test new therapeutic approaches (4–8). Because of their larger eyeball sizes compared to those of mice, rats are one of the most commonly used laboratory animals for the assessment of ocular allergies.

Genetic differences between rat strains complicate their use as allergic disease models, as their immune responses depend on their genetic background (6, 7). In Lewis rat models of BC, mononuclear cells are the dominant infiltrating cells in the conjunctiva, whereas eosinophils were prominent in Brown Norway (BN) BC rats. Lewis rats appear to be more susceptible to Th1-mediated immune responses, whereas BN rats develop Th2-mediated reactions (6, 7).

Sprague Dawley (SD) rats are a widely used research strain. Although the immune-mediated BC model in SD rats has been used to evaluate anti-inflammatory molecules (9), their ocular immune responses have not been characterized. In humans, there is a need to develop an eye model that focuses on Th1 and Th17 as diseases such as dry eye (which has blepharitis or blepharoconjunctivitis) and other ocular surface conditions have a delayed hypersensitivity reaction and primarily involve such Th subsets (10). In the current work, we investigated the clinical features of an antigen-specific delayed-type hypersensitivity response induced BC model in SD rats. We then profiled the conjunctival cell subpopulations and analyzed the relevant cytokine levels, and assessed the changes in the histological and immune responses over time following the immune challenge. This model can be potentially used for future work on the assessment of BC-related therapies.



2. Materials and methods


2.1. Immune-mediated blepharoconjunctivitis rat model

The animals were handled according to institutional guidelines and the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research. The study protocol was approved by the Institutional Animal Care and Use Committee of SingHealth (2016/SHS/1258, 2018/SHS/1448). The rats were housed in the SingHealth Experimental Medicine Centre (Singapore) under standard conditions: room temperature of 21°C–23°C, relative humidity of 45%–50%, and alternating 12-h light–dark cycles (7 a.m. to 7 p.m.). Female Sprague Dawley (SD) rats with ages ranging from 8 to 10 weeks were used in this study.

An immune-mediated BC model was replicated in SD rats according to a previously published protocol with minor changes (7, 11). Briefly, a total of 62 rats were injected subcutaneously at the base of the tail with 100 μg of ovalbumin (OVA, Sigma-Aldrich, Singapore) in complete Freund’s adjuvant (CFA, BD Bioscience, Singapore). Two weeks later, the immunized rats were topically challenged in both eyes with either 10 μL of PBS (control group) or 250 μg/10 μL of OVA dissolved in PBS (BC group). Twenty-four hours later, the eyes of the rats were clinically evaluated and imaged with a slit lamp. The rats from the control and 24 h BC groups were then sacrificed. The 96 h BC group was repeatedly challenged for 4 more days, once per day. Clinical features were documented by daily imaging. A corticosteroid group was pre-treated with 400 μg/10 μL of subconjunctival triamcinolone acetate (Kenalog, Bristol-Myers Squibb, New York, United States) given 1 day before the OVA challenge (Figure 1A).
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FIGURE 1
 (A) Experiment design. Sprague–Dawley rats were subcutaneously immunized with OVA at Day 0. Two weeks later, immunized rats were either topically challenged with OVA or PBS eye drops. Clinical features were evaluated every day thereafter. (B) Top row: representative images of rat eyes at 24 h after first topical challenge. Bottom row: representative images of repeatedly challenged rat eyes at different time points. (C) BC clinical disease scores at 24 and 96 h. Control, PBS challenged group.


Clinical features were graded according to a previous scoring system (12): both eyes of one rat were assessed for lid swelling and discharge, and each finding was scored as 1 point. For example, if one eye had lid swelling and discharge, the grading score of this eye was 2. After the slit lamp assessment, the animals were euthanized. The eyeballs and eyelids were harvested and tissue sections were prepared. Conjunctival tissues were harvested for either flow cytometry analysis (control group: 4 rats, 24 h BC group: 8 rats, 96 h BC group: 12 rats) or cytokine multiplex analysis (control group: 5 rats, 24 h BC group: 5 rats, 96 h BC group: 11 rats).



2.2. Histology, eosinophil, and immunofluorescence analysis

Rat eyes and eyelids were fixed in Davidson’s Formula for 1 h before transferring to 70% ethanol overnight, followed by sequential soaking in 80% ethanol for 1 h, then 95% ethanol and 100% ethanol and xylene for 2 h each before embedding in paraffin, and sectioned with a HistoCore Multicut (Leica Biosystem, Wetzlar, Germany) at 5 μm thickness. The sections were stained with hematoxylin–eosin (H and E) and visualized with a Nikon Eclipse Ti (Nikon, Tokyo, Japan) microscope. We evaluated the density of conjunctival goblet cells in at least three sections of H and E from at least two animals per group, over the bulbar, forniceal, and palpebral conjunctiva.

Eosinophils were enumerated by staining paraffin sections with a modified Llewellyn’s Sirius red method (13). Briefly, after deparaffinization and hydration, sections were stained with hematoxylin Gill 3 for 30 s, rinsed with tap water for 5 min, followed by a rinse in 100% ethanol for 5 min. After that, sections were stained with 0.5% alkaline Sirius red (Sigma-Aldrich, Singapore) solution overnight, rinsed with water, and dehydrated with 100% ethanol before being cleared with xylene again. Coverslips were mounted using Permount (Sigma-Aldrich, Singapore). Stained sections were visualized with a Nikon Eclipse Ti (Nikon, Tokyo, Japan). Three sections were randomly chosen for each eye, and five views were randomly chosen for each section. Four rats were included from each group.

Neutrophil immunofluorescence staining: Paraffin-embedded sections were deparaffinized by sequential soaking in 100%, 95%, 70%, and 50% ethanol, with two washes of 10 min each. Antigen retrieval was performed by soaking the sections in sodium citrate buffer for 25 min at 95°C–100°C. After that, the sections were blocked with 5% bovine serum albumin (BSA, Sigma-Aldrich, Singapore) in phosphate-buffered saline (PBS, Thermal Fisher, Singapore) for 1 h. The Sections were incubated with anti-myeloperoxidase (MPO; ab9535, 1:50, Abcam, Cambridge, United Kingdom) overnight at 4°C and the nuclei were visualized by mounting the cells in DAPI mounting medium (Santa Cruz Biotechnology, Texas, United States). The stained sections were visualized using a Zeiss Imager Z1 microscope (Carl Zeiss Inc., Oberkochen, Germany).



2.3. Flow cytometry analysis

Conjunctival tissues were first minced with surgical scissors in 1 mL of digestion medium (PRMI 1640 with 10% FBS, 0.05 mg/mL collagenase, and 0.1 mg/mL DNase I), and then incubated at 37°C for 1 h. After neutralization with fresh medium (PRMI 1640 with 10% FBS), the digested tissues were passed through a 20G needle attached to a 3 mL syringe several times and then filtered through a 70 μm filter. The resulting single cell suspension was centrifuged and re-suspended in staining buffer (0.2% BSA in PBS). Antibodies were added and the cells were incubated on ice for 30 min. After washing once with staining buffer, the stained cells were analyzed with a BD FACSVerse (New Jersey, United States). Data acquisition and analysis were performed using the BD FACS suite software. APC-Cy7-CD45 (clone OX-1), BV421-CD3 (clone 1F4), and FITC-rat granulocyte-his48 were obtained from BD Pharmingen, Singapore. PE-Cy7-CD45RA (OX-33), PE-CD43, and APC-CD161 were obtained from Biolegend Singapore. Cells were stained with 7-AAD to exclude dead cells. The antibody list and gating strategy followed the published method (14).



2.4. Conjunctival cytokine analysis

Conjunctival tissues were minced in multiplex assay buffer (Millipore, Massachusetts, United States) with 1× protease inhibitor cocktail (Sigma-Aldrich, Singapore) and sonicated twice for 30 s at 20% power, with 5 s on and 10 s off cycles (Betatek Inc., Toronto). The sonicates were centrifuged at 4°C for 15 min and the supernatant was transferred to a new tube. Protein concentrations were quantified using a bicinchoninic acid kit (Thermo Fisher, Singapore). Cytokines were quantified using a 9-plex cytokine kit from Millipore (Massachusetts, United States) according to the manufacturer’s instructions (15). Duplicate 25 μL aliquots were used for each sample and the results were calibrated to the protein concentration of each sample.



2.5. Statistical analysis

Unpaired T-tests were performed for continuous variables at two different time points. Significance was determined at the level of p < 0.05.




3. Results


3.1. Topical OVA rechallenge stimulated conjunctival and eyelid inflammation

After the topical challenge with OVA, the rats manifested BC with eyelid excoriations and conjunctival edema (Figure 1B). At 24 h post-challenge, eyelid excoriations could be observed in 30 of the 40 challenged eyes, while eyelid and conjunctival edema occurred in all the challenged eyes. Features of BC were not seen in the control eyes challenged with PBS or in those pre-treated with subconjunctival triamcinolone acetate 1 day before the OVA challenge (Figure 1B, upper row). Interestingly, eyelid excoriation became less common over a five-day period despite repeated topical challenges, although eyelid and conjunctival edema was still observed throughout the study duration. Representative images of the same eye at different time points after daily OVA challenges are shown in Figure 1B (lower row). The disease scores of BC rats at 96 h after the initial rechallenge were significantly reduced compared to those at 24 h (1.93 ± 0.73 to 3.45 ± 0.60, p < 0.01; Figure 1C). Massive immune infiltrates were observed in the bulbar and palpebral conjunctiva of both the 24- and 96-h BC groups, but there were no obvious immune infiltrates in the conjunctiva of the control and triamcinolone acetate pre-treated groups (Figure 2). A reduction of goblet cells after rechallenging with OVA was observed (Table 1).
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FIGURE 2
 Representative H and E staining images of rat eyes. Massive immune cell infiltration (dark purple, small cells) and conjunctival chemosis with the presence of interstitial fluids in bulbar and palpebral conjunctiva of 24- and 96-h BC rats, while very few immune cells in control and Kenalog eyes. Control, PBS challenged group.




TABLE 1 Conjunctival goblet cell density score.
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3.2. Profiling the subpopulations of immune cells in the conjunctiva of BC rats

We next harvested bulbar conjunctiva from the rats and profiled the subpopulations of immune cells using a published flow cytometry panel (14). The total number of conjunctival CD45+7AAD− cells was similar between the 24- and 96-h groups (Figure 3A). T cells, neutrophils, mono-macrophages, and NK cells were collectively the major contributors of CD45+7AAD− leukocytes at both time points (Table 2), forming 77.5% ± 5.19% and 77.8% ± 4.78% of total CD45+7AAD− leukocytes at the two time points, respectively. On further analysis, the percentage of T cells significantly increased in the 96-h group compared to 24-h group (42.2% ± 10.6% vs. 28.6% ± 7.51%; p = 0.005, Figure 3B; Table 2), while the mono-macrophages significantly declined over time (10.5% ± 2.83% at 96 h compared to 21.6% ± 7.02% at 24 h; p = 0.0001, Figure 3C; Table 2). The percentages of neutrophils and NK cells were similar at both times (Figures 3D,E; Table 2). The average number of eosinophils in the conjunctival tissues at 24 and 96 h was not statistically different between the two groups (Figures 4A,B).

[image: Figure 3]

FIGURE 3
 Conjunctival infiltrates in BC rats. (A) Total number of CD45+7AAD− cells per conjunctiva from 24 and 96h BC rats. (B–E) Percentage of conjunctival infiltrates subpopulations by flow cytometry. The Y-axis refers to the percentage of total CD45+7AAD− cells. Error bars: SD; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. Control, PBS challenged group.




TABLE 2 Percentage1 of various subpopulations of leukocytes within the conjunctiva of rats with blepharoconjunctivitis (BC).
[image: Table2]
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FIGURE 4
 (A) Representative images of conjunctival eosinophils in BC rats. Eosinophils were detected by Llewellyn’s Sirius red staining method. Five views were randomly chosen for each section, and three sections were chosen from each rat eye. Red, eosinophils; blue: nuclear. (B) Bar chart showing the quantification of eosinophils in the conjunctival sections. Height: mean of 4 rats, Error bars, SD.




3.3. Neutrophil transepithelial migration in conjunctivae

Large numbers of MPO-positive neutrophils were observed in the palpebral and bulbar conjunctivae at 24 and 96 h post-challenge, while scanty MPO-positive cells were observed in the conjunctiva of controls (Figure 5A), consistent with flow cytometry results (Figure 3D). Interestingly, significant numbers of neutrophils were located within the palpebral and bulbar conjunctival epithelium, suggesting these cells were migrating across the epithelium (Figure 5B). In some sections, neutrophil clusters were observed within the conjunctival fornix (Figure 5C), suggesting that neutrophils had already migrated through the conjunctival epithelium into the tear film. This phenomenon was observed in the BC rats but not in control rats. In contrast to the bulbar and palpebral conjunctival tissues, very few MPO-positive cells were observed in the eyelids (Figure 5D).

[image: Figure 5]

FIGURE 5
 (A) Immunofluorescence staining of neutrophils in conjunctival of BC rats. (B) Representative images of intraepithelial neutrophils. (C) Neutrophil clusters in the tear compartment. (D) Microscopic eyelid sections of rats with BC. Red dots: MPO+ neutrophils; blue dots: nuclei of cells stained with DAPI. Ctr, PBS challenged group; Scale bar, 50 μm.




3.4. Temporal changes in cytokine profiles

Multiplex cytokine analysis of ocular tissues showed that Th1 cytokines IFN-γ and IL-2 were significantly higher in the OVA-challenged BC rats compared to the controls. IFN-γ levels were higher at 96 h post-challenge compared to 24 h (Figures 6A,B). The levels of Th2 cytokines IL-4 and IL-6 were similar among the three groups of rats (Figures 6C,D), suggesting the immune response in the SD BC rats was mainly Th1-mediated. The Th17 cytokine IL-17 was similarly elevated at 24 and 96 h in the BC rats compared to the controls (Figure 6E) suggesting the presence of a Th17 response. Compared to the controls, TNF-α was not increased in the 24-h BC rats, but was elevated in the 96-h rats (Figure 6F).

[image: Figure 6]

FIGURE 6
 (A-F) Cytokines levels in the conjunctiva of BC rats. Conjunctiva tissues harvested and cell suspension was used for cytokine multiplex analysis. Error bars indicate SD, *p < 0.05; **p < 0.01; ***p < 0.001. Control: PBS challenged group.





4. Discussion

A robust clinical and immunologic model of blepharoconjunctivitis was developed in SD rats using systemic OVA sensitization and subsequent topical OVA challenge. The clinical severity of BC was greater at 24 h than at 96 h, despite daily rechallenge topically, although massive immune cell infiltration was observed in bulbar and palpebral conjunctivae at both time points. We did not continue to observe the rats beyond this time for possible cessation of disease signs. T cells, mono-macrophages, neutrophils, NK cells, and eosinophils were profiled in the conjunctival tissues of both 24 and 96 h groups of BC rats. The immune cell profiling showed temporal changes: T cells increased from 24 to 96 h whereas mono-macrophages were decreased. Neutrophil transepithelial migration was observed in conjunctival tissues at both time points. The levels of Th1 cytokines IFN-γ and IL-2 were increased at both time points compared to the controls, while the levels of Th2 cytokines IL-4 and IL-6 were unchanged, suggesting that Th1 reaction was dominant in the SD BC rats, unlike in BN rat models (see Supplementary Datasheet 1). Importantly, pre-treatment with subconjunctival corticosteroid dramatically suppressed the clinical and immunological responses, which demonstrates the utility of this model as an in vivo therapeutic screening tool.

The clinical features of BC in this SD rat model were consistent with previous rat BC models (16–18). As in previous reports of BC rat models, the immunized rats were only given one topical OVA rechallenge. Here we found that repeated topical OVA challenges over 5 days did not worsen BC clinical features in the SD rats. The eyelid and conjunctival edema persisted in BC rats after 5 days of rechallenge, but the eyelid excoriations were reduced. This observation could be explained by early-phase and late-phase reactions during ocular allergy (19).

It is possible that the histological features of cellular inflammation do not correlate to morphological signs. When Brown Norway rats were transfused OVA-specific T cells, OVA topical challenge did not induce any clinical signs of disease even though massive infiltration of cells was observed in the conjunctival and eyelid tissues, suggesting that T cell-mediated late-phase reaction evidenced histologically may not be associated with clinical eyelid signs (20, 21). In SD BC rats, topical OVA challenge triggered an early-phase reaction. The itching, burning, and tearing symptoms might have caused scratching behaviors in the rats, explaining the lid excoriations observed at 24 h. After this early phase reaction, the response transited to a later T-cell mediated phase during repeated OVA challenge.

Genetic background determines the immune response features of experimental immune-mediated BC rat models (6, 7). We summarized the immune characteristics of the different animal models reported (Supplementary Datasheet 1). In most studies, infiltrated cells were identified by histological staining and cytokines analyzed by RT-PCR of cultured lymph nodes or by ELISA using lymph nodes cell culture supernatant. In this study, we profiled the infiltrated cell subpopulations and cytokines using conjunctival tissues.

Previous studies showed Th1-mediated allergy in Lewis rats and Th2-mediated immunity in BN rats (6, 7). In the culture supernatant of lymph nodes isolated from BC rats, more IFN-γ was produced in Lewis rats than in BN rats. In contrast, IL-4 was produced only in BN rats and it was below a detectable level in Lewis rats (7). In this study, IFN-γ, IL-2, and IL-17A increased in BC rats, while IL-4 levels showed no difference compared to the controls, indicating the immune responses in SD rats are similar to Lewis rats, i.e., Th1 mediated, but potentially may have an additional Th17 effector arm.

Using histological staining, lymphocytes/mononuclear cells were predominantly found in the conjunctiva of the BC rats with a Lewis background, while eosinophils were predominant in the conjunctiva of the BC rats with a BN background (7, 16). Using a robust 9-color flow-cytometric protocol with minor changes (14), T cells, mono-macrophage, neutrophils, and NK cells were identified in conjunctival tissues of both 24 and 96 h groups of SD rats. Eosinophils were identified by Sirius red staining separately. Our results suggest that T cells dominate the later response, though three immune cell types (T cells, macrophages, and neutrophils) showed similar proportions at 24 h post-challenge (only T cells clearly exceeded 20% at 96 h). Immunohistochemistry staining used in previous studies cannot distinguish macrophage subpopulations (22). In contrast, our flow cytometry protocol identified CD43Lo/His48Hi and CD43Hi/His48Int-Lo monocyte–macrophage populations. Previous studies in rats indicated that CD43Lo rat monocytes are analogous to Ly6CHi murine monocytes, with the capacity to participate in acute inflammatory responses (14, 23, 24). In the LPS pulmonary inflammation rat model, the CD43Lo/His48Hi mono-macrophage population significantly increased in lung tissues 24 h after the challenge (14). In a model of lung allograft rejection, there was a higher number of CD43Lo monocytes isolated directly from the pulmonary vasculature (25). In this SD BC model, only a CD43Lo/His48Hi monocyte-macrophages population was detected, which diminished at 96 h, supporting the concept that CD43Lo/His48Hi monocyte-macrophages participate in acute immune responses.

In an OVA-specific T cell adoptive transfer BC rat model, macrophages were suggested as major antigen-presenting cells during the initial phase of the disease (22). Subconjunctival injection of CL2MDP-lip before the OVA challenge reduced infiltration of macrophages into the conjunctiva during the development of BC. Therefore, CL2MDP-lip has been suggested as a potential therapeutic tool for BC management (18). Preliminary data from a similar experiment in our SD BC rats failed to reduce the clinical features of these rats (Supplementary Figure 1), suggesting that other mechanisms were also involved in the early phase allergy response.

NK cells exert regulatory properties on both innate and adaptive responses and have been reported to increase the conjunctiva of patients with vernal keratoconjunctivitis (26). None of the previous rat BC models studied NK cells in the conjunctiva of BC rats. In OVA-induced mouse models of asthma, depletion of NK cells prevented the generation of OVA-specific IgE, production of type-2 cytokines, and the infiltration of eosinophils and T cells in the lungs, suggesting that NK cells act as agonists of allergic sensitization in allergen-induced models of asthma (27, 28). During the effector phase of allergic response, NK cell depletion increased the number of OVA-specific CD4+ T cells and the levels of IL-23, IL-17A, and IFN-γ (27). In the rat BC model, it is not known if NK cells play a pro- or anti-inflammatory role. There was a slight but not statistically significant drop in proportion from 24 to 96 h. This is an interesting field worth further investigation.

It is well known that neutrophils are involved in BC. In humans, a significant inflammatory cell response consisting mainly of neutrophils was induced in human tears 20 min after an allergen challenge (19). In a di-DNP-L-lysine-induced ocular anaphylaxis SD rat model, neutrophils appeared in rat tear fluid 1 h after a topical challenge (29). Neutrophil transepithelial migration during mucosal inflammation leads to injury and a leaky mucosal barrier (30). Evidence of such migration was also observed in SD BC rats.

We acknowledge several limitations of the current study. First, only T cells, neutrophils, mono-macrophages, and NK cells were profiled using flow cytometry due to antibody and channel limitations. T cell subpopulations, dendritic cells, and other cell populations were not explored. Second, we did not evaluate other allergic reaction-related cytokines at other time points, for example, in one study IL-4 had peak production at 6 and 12 h after a topical challenge, while in an allergic mouse model, IL-4 was observed 30 days after a repeated topical challenge (5, 11). Although Th2 cells are traditionally considered the main mediators of allergic response, other evidence indicated the involvement of Th1 and Th17 cells (31–33). In chronic atopic dermatitis patients, Th1-type immunity has been shown to shift to Th2-type (34). The interaction of T helper subsets in allergic ocular diseases seems to be more complicated, therefore warranting further investigation. Third, we did not observe the course of the disease over the long term after a single rechallenge or rechallenge for a few days. This would be an interesting project but may not be relevant for therapeutic settings. In addition, we did not examine rats at 96 h after a single topical rechallenge and also did not perform PAS staining, but we were able to visualize the goblet cells based on morphology.

In summary, immune-mediated BC can be induced in SD rats, but these have significantly different immune responses to other allergic rat models. Several types of leukocytes were present among the conjunctival infiltrate, with a mainly Th1 and Th17 immune response and an earlier immune response of multiple immune cell types which coincided with maximal clinical disease in the eyelid. The profile of infiltrating cells and cytokines differed at 24 and 96 h. These results may be useful for planning time points and durations when using BC SD rats for the evaluation of anti-inflammatory treatment.
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SUPPLEMENTARY FIGURE 1 | (A,B) Slit lamp images of rat eyes. Rats were immunized with OVA in CFA. Two weeks later, 24hrs before OVA topical challenge, immunized rats were injected with either PBS or Clodrosome (250µg) at subconjunctiva. Both eyes of these rats were photographed with slit lamp. (C) The BC clinical disease score of these rats were graded as the following: each eye was assessed for eyelid excoriations and edema, and each findings was scored as 1 point. Scores from two eyes were added for each rat. (D) Representative H and E staining images of rat eyes from PBS and Clodrosome groups.
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