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Abstract: Cataract and retinopathy remain the preventable cause of blindness worldwide, and many pharmacological 

strategies have been proposed for the treatment of these eye diseases. Animal models play an important role in 

understanding the pathophysiological features of eye disease and developing for a new therapy. In this study, we 

investigated the development of cataract and retinal lesion with diabetes using an obese type 2 diabetic models SDT fatty 

rat. Macroscopic analysis in eyes was performed from 16 to 24 weeks of age and histological analysis was performed at 

24 weeks of age. As a result, the lens cloudiness was observed from 19 weeks of age and the degree of the cloudiness was 

more progressed until 24 weeks of age. Histopathological findings, such as degeneration of lens fiber and shortening and 

irregular arrangement of cone and rod in retinal tissue, were observed at 24 weeks of age. In conclusion, SDT fatty rats 

may be useful to understand the pathological features in diabetic cataract and retinopathy develop a new therapy for the 

disease. 
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INTRODUCTION 

 

Cataract and retinopathy are an ocular lesion 

which leads to visual disability and blindness [1-3]. It 

is estimated that 191 million people are visually 

disabled all over the world, and cataract contributes to 

50% of blindness [1], [4]. The prevalence of cataracts 

increases after the age of 40 years, ranging from 3.9% 

in the 55-64 years age group to 92.6% in the age group 

80 years and older [5-7]. Cataracts are caused by lens 

degradation characterized by clouding with blurry or 

hazy vision, and apart from aging, smoking, ultraviolet 

radiation (UV), gender, steroids, diabetes, and high 

body mass index are responsible for the development 

of cataract [1], [8]. Currently, the only cure is surgical 

removal of the cataract lenses and replacing them with 

new lenses made of synthetic polymers, and the 

incidence of cataract is so large that the surgical 

facilities are unable to respond to the problem. 

Therefore, pharmacological interventions that 

maintain the transparency and function of lens is 

desired. 

On the other hand, the main cause of retinopathy is 

diabetes, and diabetic retinopathy (DR) is famous as 

one of the three major diabetic complications [9]. DR 

also accounts for 2.6% of all blindness, though not as 

much as cataracts [10]. Anti-VEGF agents, 

corticosteroids and non-steroidal anti-inflammatory 

drugs are used for DR, and laser treatment is used to 

suppress the progression [11], but there is still no cure 

for DR. 

Animal models play a key role to progress a better 

understanding of the pathophysiology in various 

diseases and developing new therapies for the diseases. 

The Spontaneously Diabetic Torii (SDT) fatty rat, 

which is formed by inserting the fa allele of the Zucker 

fatty rat into the SDT rat genome, shows obesity, 

hyperglycemia, and dyslipidemia from approximately 

5-6 weeks of age [12], [13]. With the early incidence 

of diabetes, diabetes-related complications in SDT 

fatty rats were observed at younger age compared with 

the SDT rats [14], [15]. The microvascular 

complications such as retinopathy, nephropathy, and 

neuropathy, were observed after 16 weeks of age in 

SDT fatty rats [16-19]. 

In this study, we investigated the development of 

primarily diabetic cataracts in SDT fatty rats by 

macroscopic and microscopic analyses, and changes in 

the retina were also evaluated microscopically. 
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METHODS 

Animals 

Male SDT fatty rats and Sprague-Dawley (SD) rats 

(CLEA Japan, Tokyo, Japan) were used for the study 

(n=4). The SD rats were used as a normal rat. All 

animal procedures and the protocol complied with the 

guidelines for animal experimentation set by the Ethics 

Committee for Animal Use at Kyoto University and 

Tokyo University of Agriculture. The rats were 

maintained at 23 ± 3°C on a 12 h/12 h light-dark cycle 

with ad libitum access to a standard diet (CE-2; CLEA 

Japan, Tokyo, Japan) and water. 

 

Measurement of biological parameters 

Body weight and biochemical parameters such as 

serum glucose, insulin, triglyceride (TG), and total 

cholesterol (TC) levels, were measured at 24 weeks of 

age. Blood samples were collected from the tail vein 

under non-fasted condition. Serum glucose, TG, and 

TC levels were measured using commercial kits 

(Roche Diagnostics, Basel, Switzerland) and an 

automatic analyzer (Hitachi 7180; Hitachi High-

Technologies, Tokyo, Japan). Commercial Enzyme-

Linked Immuno Sorbent Assay (ELISA) kits were 

used to measure serum insulin (Rat insulin ELISA Kit; 

Morinaga Institute of Biological Science, Yokohama, 

Japan). 

Observation of the eye 

Degree of lens cloudiness in all rats was evaluated 

once a week from 16 to 24 weeks of age. The lens 

cloudiness was examined macroscopically, and 

findings were graded from normal (-) to severe (3+). 

Scoring criteria is shown in Fig. 1. 

 

Microscopy (Histological analysis) 

Necropsy was performed at 24 weeks of age. All 

animals were sacrificed by exsanguination under 

isoflurane anesthesia. The eyes were immediately 

sampled and fixed in modified Davidson’s fluid. After 

resection, the tissue was paraffin-embedded by 

standard techniques and thin-sectioned (3 to 5 µm). 

The sections were stained with hematoxylin and eosin 

(HE). Those samples were examined histopathological. 

 

Statistical analysis 

The results of biological parameters were 

expressed as the mean ± standard deviation. Statistical 

analyses of differences between mean values were 

performed as follow: homogeneity of variance was 

tested with an F-test followed by Student's t-test or 

Aspin-Welch's t-test for homoscedastic data or 

heteroscedastic data, respectively. All statistical 

analyses were performed using Statlight 2000 (Yukms 

Corp., Kawasaki, Japan). Differences were defined as 

significant at P < 0.05. 
 

(A) - : Normal (B) 1+ : slight (C) 2+ : moderate (D) 3+ : severe 

    
Figure 1. Scoring criteria of lens cloudiness in rats. 

 

Table 1. Biological parameters at 24 weeks of age in SD rats and SDT fatty rats  

 
Body weight 

(g) 

Plasma glucose 

(mg/dL) 

Plasma insulin 

(ng/mL) 

Plasma TG 

(mg/dL) 

Plasma TC 

(mg/dL) 

SD 708.6 ± 22.6 122.5 ± 6.9 3.6 ± 1.1 270.6 ± 67.2 84.3 ± 18.0 

SDT fatty 514.9 ± 52.1** 899.0 ± 108.0** 1.2 ± 0.6** 1023.7 ± 621.1 153.3 ± 48.7* 

Data represent means ± standard deviation (n = 4). 

*P < 0.05, **P < 0.01 vs. SD rats. 

 

RESULTS AND DISCUSSIONS 

 

SDT fatty rats at 24 weeks of age showed 

significant hyperglycemia and hyperlipidemia (Table 

1). Moreover, the serum insulin level in SDT fatty rats 

significantly decreased as compared with that in SD 

rats (Table 1). SDT fatty rats showed a 

hyperinsulinemia at 4-8 weeks of age, but the insulin 

levels dramatically decreased after 16 weeks of age 

[14]. Genetic weakness of the pancreatic function in 

SDT fatty rats is considered to induce the rapid decline 

of the insulin levels. Furthermore, body weight in SDT 

fatty rats showed a significant decrease as compared 

with that in SD rats. SDT fatty rats reportedly showed 
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an increase of body weight compared with SD rats 

from 4 to 8 weeks of age, but the body weight in SDT 

fatty rats decreased after 24 weeks of age [14]. The 

decrease in body weight of SDT fatty rats may be 

caused by energy loss in the body with sustained 

severe diabetic state. 

Macroscopic ocular change, lens cloudiness, was 

observed from 19 weeks of age in SDT fatty rats, but 

was not seen in SD rats during the observational 

periods (Table 2). The degree of lens cloudiness in 

three SDT fatty rats (No.1-3) was more progressed 

with aging, and the scoring grade was severe (3+) at 

24 weeks of age (Table 2). Moreover, histological 

findings such as degeneration of lens fiber including 

swelling, fragmentation, Morgagnian globule and 

liquefaction were observed in SDT fatty rats at 24 

weeks of age, but not seen in SD rats (Figure 2). 

Additionally, shortening and irregular arrangement of 

cone and rod in the retina were observed in a small 

number of SDT fatty rats showing severe cataracts, but 

not in SD rats (Figure 3).  

 

Table 2. Score of lens cloudiness in SD and SDT fatty rats 

Strain & 

Individual No. 

 Weeks of age 

 16 to 18 19 20 21 22 23 24 

SD rat         

No.1 Right - - - - - - - 

 Left - - - - - - - 

No.2 Right - - - - - - - 

 Left - - - - - - - 

No.3 Right - - - - - - - 

 Left - - - - - - - 

No.4 Right - - - - - - - 

 Left - - - - - - - 

SDT fatty rat         

No.5 Right - 1+ 2+ 2+ 3+ 3+ 3+ 

 Left - - - 1+ 2+ 3+ 3+ 

No.6 Right - - 2+ 2+ 2+ 3+ 3+ 

 Left - - - - - - - 

No.7 Right - 1+ 2+ 2+ 2+ 3+ 3+ 

 Left - - - - 1+ 1+ 3+ 

No.8 Right - - - - - - - 

 Left - - 1+ 1+ 1+ 1+ 1+ 

- normal; 1+ slight; 2+ moderate; 3+ severe 

 

     

      

Figure 2. Histopathological observation of lens at 24 weeks of age in SD and SDT fatty rats. A1: Normal lens in SD rats. 

A2: Higher magnification of A1. B1: Slight cataract in SDT fatty rats. B2: Higher magnification of B1. C1: Severe 

cataract in SDT fatty rats. C2: Higher magnification of C1. Bar = 200 mm in A1, B1 and C1, 100 mm in A2, B2 

and C2, respectively. 
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Figure 3. Histopathological observation of retina in SD and SDT fatty rats. A1: Normal retina in SD rats. A2: Higher 

magnification of A1. B1: Normal retina in SDT fatty rats. B2 Higher magnification of B1. C1: Shortening (arrow) 

and irregular arrangement (arrow heads) of cone and rod in retinal tissue in SDT fatty rats. C2: Higher 

magnification of C1. Bar = 200 mm in A1 B1 and C1, 100 mm in A2, B2 and C2, respectively. 

  

Epidemiological studies have elucidated several 

risk factors for cataracts including age, diabetes, and 

high body mass index [1,8]. In diabetes, severe 

metabolic disorders characterized by hyperglycemia 

and dyslipidemia can affect the eyes, and diabetic 

cataract is one of the earliest secondary complications 

of diabetes mellitus [20]. Some mechanisms, such as 

excessive sorbitol accumulation in tissue (via polyol 

pathway), abnormal glycosylation of lens protein (via 

non-enzyme glycation), and an increase of free radical 

production (oxidative stress), have been reported for 

cataract formation in diabetes [21-23]. Sustained 

hyperglycemia condition in SDT fatty rats induces the 

above mechanisms including acceleration of polyol 

pathway and/or increases of advanced glycation end 

products (AGEs) and reactive oxygen species (ROS), 

and as a result, it is considered that SDT fatty rats show 

severe cataracts (Table 2, Figure 1). 

Surgical removal of the cataracts’ lens is the only 

remedy, and pharmacological strategies for prevention 

of cataract are necessary. The anti-cataract agents 

classified in the following five categories: aldose 

reductase inhibitors, non-steroidal anti-inflammatory 

drugs, and agents acting on glutathione, antioxidant 

drugs, and miscellaneous drugs [23] In particular, the 

role of aldose reductase inhibitors for the prevention of 

diabetic cataract is well established in animal models 

[24,25].  

Retinal folds in SDT fatty rats develop at an early 

age and peak at 24 weeks of age [26]. No obvious 

retinal folds were observed in this study. Perhaps only 

early retinal lesions have begun to appear, but it is 

possible that part of the process leading to retinal folds 

has been captured. A more detailed evaluation may be 

a part of elucidating the onset mechanism of DR. Also, 

SDT fatty rats may be a useful model for development 

of a new anticataract drug and the elucidation of the 

mechanism of progression of retinal lesions. 

 

CONCLUSION 

 

SDT fatty rat, a type 2 diabetes model of obesity, 

exhibit hyperglycemia and hyperlipidemia, and 

diabetic cataract characterized by macroscopic and 

microscopic changes made a progress with aging. SDT 

fatty rat may be useful in gaining a better 

understanding of the pathophysiology of cataracts and 

retinopathy as well as developing a new therapy for 

diabetic cataracts and retinopathy. 
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