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Abstract: The Spontaneously Diabetic Torii (SDT) rat is a spontaneous animal model of non-obese Type 2 diabetes 

(T2D) resembling those of humans, established in 1997. I investigated the clinical features of the SDT rats. The time of 

onset of glucosuria was different between male and female SDT rats; glucosuria appeared at approximately 20 weeks of 

age in male rats and at approximately 45 weeks of age in female rats. A cumulative incidence of diabetes of 100% was 

noted by 40 weeks of age in male rats, while it was only 33.3% even by 65 weeks of age in female rats. The survival rate 

up to 65 weeks of age was 92.9% in male rats and 97.4% in female rats. The male SDT rats were (1) hyperglycemia and 

hypoinsulinemia (from 25 weeks of age); (2) a significant increase in urea nitrogen levels, urinary protein excretion and 

HbA1c levels (from 35 weeks of age); (3) long-term survival without insulin treatment after onset of diabetes; 

additionally, no obesity was noted in any of the male and female rats. These results indicated that the SDT rat strain 

described here would serve as useful animal model for studies of non-obese T2D. 
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INTRODUCTION 

 There are growing numbers of diabetic patients in all 
countries of the world, including developing countries, and 
these patients present worldwide care coverage issues. 
International Diabetes Federation has estimated that world 
diabetes population will reach 366 million in the year 2030 
[1, 2]. In addition, there has been an alarming increase in the 
incidence of type 2 diabetes (T2D) in children and 
adolescent [3, 4]. Various studies on the complicated 
interactions between genetic and environmental factors for 
the development of diabetes mellitus (DM) are currently 
underway. However, there are natural limits to the 
information that can be directly obtained from humans, 
partly because it is extremely difficult to demonstrate the 
relationship between these factors in humans and partly 
because collection of data from diabetic patients is subject to 
significant ethical restrictions. It is believed that the use of 
experimental animal models is essential for solving this 
problem. It is proposed that data from basic studies 
conducted in animal models of DM will be useful for 
elucidating the mechanism of development of diabetes in 
humans, studying the causes of diabetic complications, and 
developing medications for diabetes treatment. T2D models 
such as ob/ob mice [5], KK mice [6], db/db mice [7], TSOD 
mice [8], Goto-Kakizaki (GK) rats [9], Wistar fatty rats [10] 
and Otsuka-Long–Evans-Tokushima-Fatty (OLETF) rats 
[11] are also well known. Thus, results with implications for 
clinical diabetes have been obtained to date from many 
diabetic animal models. The development of models for T2D 
similar to those in human diabetes calls for urgent attention, 
partly because it is extremely important to develop animal 
models with a variety of pathologic conditions  
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corresponding to human diabetes and partly because in 
recent years, T2D has increased rapidly and globally along 
with economic development and social modernization. 
Because of this situation, we have newly established a non-
obese T2D model rat with diabetic complications resembling 
those of humans, this model develops diabetic retinopathy 
[12-19], diabetic peripheral neuropathy [20, 21] and diabetic 
nephropathy [22, 23]. 

ESTABLISHMENT OF THE SDT STRAIN 

 In 1988, twelve-month-old male rats that exhibited 
polydipsia, polyphagia, polyuria, and glucosuria were 
discovered among Sprague-Dawley (SD) rats from Charles 
River Japan by Shinohara at the Research Laboratories of 
Torii Pharmaceutical Co., Ltd., Japan. Male rats were mated 
with normal female rats of the same strain to maintain the 
disease symptoms, and in 1991 several rats were found to 
exhibit positive urinary glucose earlier than previous strains 
(at four to five months of age). An inbred strain of a non-
obese T2D model was established by repeated sister-brother 
mating, and the animals obtained were named 
“Spontaneously Diabetic Torii” (SDT) rats in 1997 [12, 13] 
(Fig. 1). Male rats presented DM from the F1 to the F20 
generation. On the other hand, diabetic female rats were 
observed from the F7 generation. Fourteen F20 rats were 
obtained, of which there were 5 diabetic males and 8 diabetic 
females from the nucleus lines of the SDT strain [13] (Fig. 
2). All rats were kept in our specific pathogen-free (SPF) 
facilities, which were also free from the following 
microorganisms: Sendai virus, Sialodacryoadenitis virus, the 
pneumonia virus of mice, mouse encephalomyelitis virus, 
Kilham rat virus, H-1 virus, the minute virus of mice 
Hantavirus, mouse adenovirus, Mycoplasma pulmonis, 
Bacillus piriformis, CAR bacillus, Bordetella bronchiseptica, 
Corynebacterium kutscheri, Pasteurella pneumotropica, 
Pseudomonas aeruginosa, Salmonella spp, Salmonella 
typhimurium, Streptococcus pneumoniae, Dermatophytes, 
Giardia muris, Spironucleus muris and Syphacia spp. Since 
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these rats are inherently gentle in nature throughout their 
lifetime, they were easy to handle for breeding and 
experiments [12, 13]. 

 

Fig. (1). Appearance of a male SDT rat aged 35 weeks. 

 

Fig. (2). Pedigree maps of nucleus line of SDT rats. 

CLINICAL FEATURES OF THE SDT RAT 

 The average body weight of male SDT rats was slightly 
lower than that of SD rats until 18 weeks of age and then 
gradually decreased as the incidence of diabetes increased. A 
significant decrease in body weight was observed beginning 
from 20 weeks of age. On the other hand, from 6 to 40 
weeks of age the average body weight of female SDT rats 

increased gradually throughout the experimental period, and 
the changes in body weight in female SDT rats were similar 
to those found in female SD rats. The non-fasting plasma 
glucose levels in male SDT rats reached 701±103 mg/dl by 
25 weeks of age and the values gradually increased with 
advancing ages, whereas those in SD rats were maintained at 
a steady level. Plasma glucose levels in female SDT rats 
were slightly but significantly higher than those in female 
SD rats after 10 weeks of age. The plasma insulin levels of 
male SDT rats were significantly lower than those in 25-
week-old SD rats. Furthermore, the plasma urea nitrogen 
levels, urinary protein excretion and HbA1c levels in male 
SDT rats were 1.4, 3.9 and 3.5 times higher respectively than 
those in SD rats at 35 weeks of age. Glucosuria appeared at 
20 weeks of age in male SDT rats (15/42), and the time of 
onset of glucosuria was coincident with that of plasma 
glucose elevation. The cumulative incidence of diabetes 
increased sharply, to 52.4% in 25-week-old-rats (22/42) and 
100% in 40-week-old rats (42/42). Glucosuria had not yet 
appeared in female SDT rats even by 40 weeks of age. It was 
first observed at 45 weeks of age, and thereafter, the 
incidence of diabetes gradually increased. However, the 
maximal incidence of 33.3%, noted in female rats at 65 
weeks of age, was markedly lower than that noted in male 
SDT rats. These findings suggest that sex hormones are 
important in the development of DM in this model rat. The 
symptoms polyuria, polydipsia and polyphagia were also 
observed in both sexes of SDT rats after onset of diabetes. 
However, no ketonuria was noted up to 65 weeks of age in 
male or female SDT rats. The survival rates of male and 
female SDT rats up to 65 weeks of age were 92.9% (39/42) 
and 97.4% (38/39), respectively. The first deaths among 
male and female SDT rats were observed at 40 weeks of age 
and 45 weeks of age, respectively [12, 13]. 

CONCLUSION 

 In conclusion, the important findings from this study that 
especially in male SDT rats show 100% incidence of 
diabetes in 40-week-old; moreover, the diabetic rats show 
typical symptoms of DM. In addition, the survival rates of 
the male and female SDT rats were very long-term. 
Although there are many T2D model animals, newly 
established SDT rats show symptoms similar to those in 
human diabetes and very useful for the investigation of non-
obese T2D. 

NOTES ON REARING AND HANDRING SDT RATS 

Diet and Drinking Water 

 In SDT rats, glucosuria appears on ingestion of standard 
feed (CE-2, CLEA Japan, Tokyo, Japan) for mice and rats. 
Their feed intake increases (to about 1.5 to 2 times that of 
SD strain rats) and their water intake also increases 
significantly (200 to 400 ml/day and more) with the onset of 
diabetes. It is, therefore, important to always supply 
sufficient amounts of feed and drinking water. 

Frequent Changing of Bedding and Cleaning of Cages 
are Recommended 

 After the onset of diabetes, the SDT rats produce large 
volumes of urine and their bedding easily becomes dirty. 
Therefore, they can easily develop urinary tract infections. In 
order to avoid such infections, each rat should be reared in 
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an individual plastic cage with a large amount of bedding. It 
is also recommended to change bedding frequently in case of 
bracket cage rearing. 

DISTRIBUTOR INFORMATION FOR SDT RATS  
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