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Abstract 

 Peripheral artery disease (PAD) is defined as peripheral blood flow impairment, 

especially in the legs, caused by atherosclerotic stenosis. The disease decreases quality of 

life because of intermittent claudication or necrosis of the leg. The hindlimb ischemia 

model, in which ischemia is induced by femoral artery ligation, is often utilized as a PAD 

model. In the hindlimb ischemia model, nonmetabolic syndrome animals are mainly used. 

In this study, we investigated the usefulness of Spontaneously Diabetic Torii Leprfa (SDT 

fatty) rats, a new model for obese type 2 diabetes, as a new PAD animal model. We found 

that hindlimb blood flow in SDT fatty rats was significantly lower than that in Sprague–

Dawley (SD) rats under nonischemic conditions. Furthermore, SDT fatty rats showed a 

significantly higher plasma nitrogen oxide level, shorter prothrombin time, and shorter 

activated partial thromboplastin time than SD rats. In addition, we found that the change 

in blood flow 7 days after induction of hindlimb ischemia and the number of Von 

Willebrand Factor-positive vessels in gastrocnemius muscles were significantly lower in 

SDT fatty rats than in SD rats. These results suggest that excess production of reactive 

oxygen species and coagulation activation could be involved in lower blood flow in 

nonischemic rats and that decreased angiogenesis could be involved in the poor recovery 

of blood flow in SDT fatty rats with hindlimb ischemia. Taken together, our results 

suggest that SDT fatty rats might be useful as a new model for PAD with metabolic 

syndrome. 
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Introduction 

Peripheral artery disease (PAD) is defined as peripheral blood flow impairment, 

especially in the legs, caused by atherosclerotic stenosis. The risk factors for PAD are age, 

smoking, hypertension, diabetes, and dyslipidemia.1 Although initially asymptomatic, 

PAD induces intermittent claudication and finally leg necrosis. Therefore, PAD limits the 

activity of daily living and decreases the quality of life (QOL). Furthermore, PAD patients 

have a high risk of cardiovascular events because most of these patients have 

atherosclerotic stenosis not only in the arteries of the legs but also in the cardiovascular 

system.2 The worldwide prevalence of PAD is about 3% to 10% and increases to 15% to 

20% in people over 70 years old.1 

The goals of PAD treatment are prevention of cardiovascular events and improvement 

of leg symptoms, including intermittent claudication and necrosis. The main treatments 

for preventing cardiovascular events are risk factor modifications, including controlling 

the level of low-density lipoprotein (LDL) cholesterol, blood glucose, blood pressure, and 

antiplatelet therapy, and smoking cessation. The three main treatments for improving leg 

symptoms are supervised exercise, cilostazol, and revascularization.3,4 However, new 

treatments for leg symptoms are needed because these three treatments are limited by 

physical and economic burdens, side effects, and restenosis. 

The hindlimb ischemia model, in which ischemia is induced by femoral artery ligation, 

is often utilized as a PAD model in nonclinical studies. In the hindlimb ischemia model, 
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nonmetabolic syndrome animals, such as C57BL/6J and BALB/c mice, are mainly used. 

However, many PAD patients have some components of metabolic syndrome such as 

hypertension, diabetes, and dyslipidemia in their background1 and show endothelial 

dysfunction.5 Therefore, it is very important to establish a PAD model based on metabolic 

syndrome in animals. Some groups have attributed the poor recovery of hindlimb blood 

flow after hindlimb ischemia in type 2 diabetic db/db mice or streptozotocin (STZ)-

induced type 1 diabetic mice to the impairment of the angiogenic response to ischemia in 

diabetic animals.6,7 

Spontaneously Diabetic Torii Leprfa (SDT fatty) rats were established by transferring 

the fa allele of the Zucker fatty rat into the genome of the nonobese SDT rat. The SDT 

fatty rat shows hyperphagia, obesity, hyperglycemia, and dyslipidemia, so it can be 

considered a new model for obese type 2 diabetes.8-10 However, the details of the 

hemodynamics in SDT fatty rats remain uncertain. In this study, we investigated the 

usefulness of the SDT fatty rat as a new PAD animal model. We examined certain aspects 

of the hemodynamics in the SDT fatty rat such as hindlimb blood flow, platelet 

aggregation, coagulation, and cardiac output, and compared the endothelial function of 

SDT fatty rats with that of normal Sprague–Dawley (SD) rats. Furthermore, we 

established a hindlimb ischemia model in SDT fatty rats and compared their responses to 

ischemia with those of SD rats. 
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Results 

Biological parameters 

 Body weight and blood chemical parameters (glucose [Glu], triglyceride [TG], and total 

cholesterol [TC]) in the SDT fatty rats are presented in Table 1. As previously reported,8 

the plasma levels of Glu, TG, and TC in the SDT fatty rats at 5, 15, and 35 weeks of age 

were significantly higher than those in the SD rats (Table 1). The results confirmed that 

the SDT fatty rats used in this study developed metabolic disorders such as hyperglycemia, 

hyperlipidemia, and obesity. 

Hemodynamics and endothelial function 

 We first examined hindlimb blood flow in the SDT fatty rats and found that it was 

significantly lower than that in the SD rats at 5, 15, and 35 weeks of age (Fig. 1A, B). 

Because the SDT fatty rats showed metabolic disorder, they could produce excessive 

reactive oxidative species (ROS). The level of plasma nitrogen oxides (NOx), stable 

metabolites of NO, is often used as an oxidative stress marker.11 To investigate the 

production of ROS in the SDT fatty rats, we measured the plasma NOx concentration and 

found that it was significantly higher in the SDT fatty rats than in the SD rats at 5, 15, 

and 35 weeks of age (Fig. 1C).  

 Hamilton and Watts reported that endothelial dysfunction causes impaired blood flow.12 

To evaluate endothelial function in the SDT fatty rats, we examined the expression of 

endothelial nitric oxide synthase (eNOS) phosphorylated at Ser1177 (p-eNOS [Ser1177]) 
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in the aorta using western blot analysis. The ratio of p-eNOS (Ser1177) to total eNOS (T-

eNOS) in the SDT fatty rats at 5 and 35 weeks of age (1.49 ± 0.41 and 1.03 ± 0.23, 

respectively) tended to be lower than that in the SD rats (1.90 ± 0.55 and 1.61 ± 0.72, 

respectively) (Fig. 2A, B). In addition, coagulation, platelet aggregation, and cardiac 

output were examined in the SDT fatty rats to elucidate the other mechanisms underlying 

lower hindlimb blood flow. The results showed that prothrombin time (PT), representing 

exogenous coagulation, and activated partial thromboplastin time (APTT), representing 

endogenous coagulation, were significantly shorter in the SDT fatty rats at 19 weeks of 

age (Fig. 2C, D). Maximum platelet aggregation induced by collagen tended to be higher 

in the SDT fatty rats (59.5% ± 17.1%) than in the SD rats (41.3% ± 13.7%) at 19 weeks 

of age (Fig. 2E). However, there was no difference in cardiac output between the two 

groups at 27 weeks of age (Fig. 2F). 

Hindlimb ischemia model 

To investigate the blood flow response to ischemia in the hindlimb, we surgically 

induced hindlimb ischemia at 15 weeks of age. In this model, hindlimb blood flow 

decreased after surgery, then gradually recovered. The SDT fatty rats showed 

significantly lower blood flow before, immediately after and 7 and 14 days after ischemia 

induction (Fig. 3A, B). However, it was difficult to compare the reaction to ischemia 

between the two groups because the SDT fatty rats already had decreased blood flow 

before the induction of hindlimb ischemia (Fig. 1A, B). Therefore, we analyzed the 
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change in blood flow (Δblood flow) after hindlimb ischemia induction (Fig. 3C). The 

results showed that Δblood flow 7 days after ischemia induction was significantly lower 

in the SDT fatty rats than in the SD rats. 

Angiogenesis causes the recovery of blood flow in the ischemic area. Thus, we examined 

angiogenesis immunohistopathologically in the SDT fatty rats after induction of hindlimb 

ischemia by immunostaining for the Von Willebrand Factor (VWF), an endothelial cell 

marker, and counting the number of VWF-positive vessels. This number for the SDT fatty 

rats was significantly less than that for the SD rats (Fig. 3D, E). 
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Discussion 

 Several guidelines such as the American College of Cardiology/American Heart 

Association Guideline4 and the Inter-Society Consensus for the Management of 

Peripheral Arterial Disease1 recommend the use of supervised exercise, cilostazol, and 

revascularization as treatment for intermittent claudication. Although the most efficacious 

among the three treatments for intermittent claudication, supervised exercise is limited 

by the number of facilities that can provide it and by the physical and economic burdens 

it places on patients. Cilostazol is a phosphodiesterase 3 (PDE3) inhibitor and the only 

drug whose use for intermittent claudication is well supported by evidence.1,3 However, 

cilostazol is contraindicated for patients with congestive heart failure. Furthermore, 

patient adherence to treatment with cilostazol is poor because of its side effects, including 

headache, dizziness, and palpitation. Revascularization, especially endovascular therapy, 

is very efficacious for treating intermittent claudication but has some disadvantages such 

as restenosis and placing physical and economic burdens on patients. Therefore, new 

therapies are needed to treat leg symptoms. 

 In nonclinical studies, the femoral artery ligation model is commonly used as a PAD 

model. In many cases, the femoral artery ligation model is created in nonmetabolic 

syndrome animals, such as C57BL/6J and BALB/c mice.13,14 Although blood flow in 

ischemic limbs is decreased in this model, endothelial function and angiogenesis are not 

impaired because this model is based on normal animals. However, most PAD patients 
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show endothelial dysfunction5 and poor angiogenesis15 that are probably due to 

underlying diseases such as hypertension, diabetes, and dyslipidemia.1 Therefore, in 

nonclinical studies, it is very important to evaluate the efficacy of drugs in a PAD model 

based on metabolic syndrome animals. Masuyama et al. reported that SDT fatty rats 

develop obesity, hyperglycemia, and dyslipidemia at a young age due to the transfer of 

the fa allele from the Zucker fatty rat to the genome of the nonobese SDT rat.8-10 In this 

study, we found that hindlimb blood flow was significantly lower and the plasma NOx 

level was significantly higher in the SDT fatty rats compared with the SD rats. These 

results suggest that ROS production in the SDT fatty rats increased because of metabolic 

disorders such as hyperglycemia and hyperlipidemia. In addition, we found that the p-

eNOS level tended to be lower in the SDT fatty rats at 5 and 35 weeks of age. Endothelial 

function in SDT fatty rats may be partly impaired by hyperglycemia, hyperlipidemia, and 

excess ROS production. Taken together, these findings suggest that the excess ROS and 

endothelial dysfunction in SDT fatty rats could be associated with the lower blood flow. 

 In addition to endothelial dysfunction, hypercoagulability affects peripheral blood flow, 

so we examined the association between lower blood flow, platelet aggregation, and 

platelet coagulation. We found that PT and APTT were significantly shorter and that the 

maximum platelet aggregation induced by collagen tended to be higher in the SDT fatty 

rats. Andersen et al. reported that hyperlipidemia is associated with increased 

coagulation.16 In this study, the SDT fatty rats were hyperlipidemic, suggesting that 



 11 

hyperlipidemia could cause the reduction of PT and APTT in SDT fatty rats, which might 

contribute to lower blood flow. Ohta et al. reported gender differences with respect to 

metabolic disorders in SDT fatty rats; female rats showed more severe insulin resistance 

and hyperlipidemia than male rats.17 Therefore, female SDT fatty rats could show a 

marked reduction in PT and APTT, which could lead to severe blood flow reduction. It is 

very important to evaluate the gender differences with respect to lower blood flow to 

understand the pathology of SDT fatty rats. 

 We used the plasma NOx level as a measure of ROS production. Loffredo et al. used the 

plasma NOx level as a marker of NO production from eNOS (endothelial function).18 

Plasma NOx are stable NO metabolites and include NO2− and NO3−. Ignarro et al. showed 

that NO2− was produced by oxidation of NO, the same as the production of NO2− in air, 

while NO3− was produced by oxidation in the presence of ROS.19 Therefore, the plasma 

NOx concentration might have a different meaning depending on pathology. Kobayashi 

et al. showed that STZ mice, a type 1 diabetes model, had elevated plasma NO3− and 

impaired endothelial function.20,21 Therefore, we hypothesize that the increased plasma 

NOx in our SDT fatty rats might have been caused by an elevated plasma NO3− level. 

Measuring the plasma NO2− and NO3− levels in a future study will help elucidate the 

pathology of SDT fatty rats in greater detail. 

We previously showed that sensory nerve conduction velocity (SNCV) in SDT fatty rats 

was significantly lower than that in SD rats.22 Stevens et al. mentioned that metabolic 
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disorders such as hyperglycemia might induce endothelial dysfunction, which could lead 

to decreased nerve blood flow.23 Therefore, we suggest that the decreased blood flow in 

SDT fatty rats might be associated with impaired SNCV. 

We also evaluated hindlimb blood flow after surgically induced hindlimb ischemia in 

the SDT fatty rats. Blood flow in the hindlimb ischemia model is expressed as the ratio 

of ischemic to nonischemic hindlimb blood flow by many researchers. Blood flow in the 

SDT fatty rats was lower than that in the SD rats, not only in the ischemic limb but also 

in the nonischemic limb. Therefore, it is difficult to compare the ischemic/nonischemic 

ratio of the SDT fatty rats with that of the SD rats. However, we found that 7 days after 

ischemia induction, the SDT fatty rats had significantly decreased blood flow. 

Furthermore, in this study, the number of VWF-positive vessels in gastrocnemius muscles 

decreased in the SDT fatty rats, suggesting that angiogenesis had decreased. Schiekofer 

et al. reported that blood flow recovery in diabetic db/db mice significantly deteriorated 

than that in C57BL/6J mice.6 They also showed that adductor muscles in db/db mice after 

ligation had decreased angiogenesis and mRNA expression of VEGF-A, a well-known 

angiogenesis factor, compared with those in C57BL/6J mice.6 Therefore, the expression 

of VEGF-A mRNA in SDT fatty rats might be reduced. 

Although the SDT fatty rats in our study showed impaired angiogenesis, hindlimb blood 

flow recovered after surgically induced hindlimb ischemia. Thus, angiogenesis in the 

SDT fatty rats might not have been completely disturbed. However, arteriogenesis also 
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contributes to the recovery of blood flow in ischemic limbs24 and could be involved in 

the recovery of blood flow after induction of hindlimb ischemia. 

Bhatt et al. found that diabetes and hypercholesterolemia were complications in 44.2% 

and 66.7% of PAD patients, respectively.25 In another study, flow-mediated dilation 

(FMD), an endothelial function marker, was lower in PAD patients than in healthy 

volunteers,5 suggesting that endothelial function in PAD patients is impaired.5 

Furthermore, Kikuchi et al. reported that the increase in the level of VEGF-A165b, an 

antiangiogenic VEGF-A splice isoform, may be involved in the impairment of 

angiogenesis in PAD patients.26 Also, hyperglycemia and endothelial dysfunction 

develop in SDT fatty rats and, as in PAD patients, cause impaired angiogenesis after 

ischemia. Therefore, SDT fatty rats might be similar to PAD patients in terms of basic 

phenotype and response to ischemia. We will examine the VEGF-A165b level in SDT 

fatty rats in a future study. 

 In conclusion, we found that SDT fatty rats had lower-than-normal hindlimb blood flow 

under nonischemic conditions. We showed that excess ROS production, the activation of 

coagulation and platelet aggregation, and endothelial dysfunction might have contributed 

to the lower blood flow. Furthermore, we showed that the recovery of hindlimb blood 

flow after induction of hindlimb ischemia in SDT fatty rats was impaired by poor 

angiogenesis. Taken together, these results indicate that SDT fatty rats may be useful as 

a new model for PAD with metabolic syndrome. 
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MATERIALS AND METHODS 

Animals 

All experiments were conducted at the Japan Tobacco Central Pharmaceutical Research 

Institute and were in compliance with the Guidelines for Animal Experimentation. Male 

4-week-old SDT fatty rats and age-matched male SD rats used as normal control rats were 

purchased from CLEA Japan, Inc. (Tokyo, Japan). The rats were maintained in suspended 

bracket cages and fed a standard laboratory diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo, 

Japan) and water ad libitum under temperature-, humidity-, and lighting-controlled 

conditions. 

Biological parameters 

Body weight and nonfasting plasma biochemical parameters, such as Glu, TG, and TC 

levels, were measured at 5, 15, and 35 weeks of age. Blood samples were collected from 

the tail veins of the rats. The plasma Glu, TG, and TC levels were measured using 

commercial kits (Roche Diagnostics K.K., Tokyo, Japan) and an automatic analyzer 

(Hitachi, Ltd., Tokyo, Japan). 

Plasma NOx 

To measure the plasma NOx level, proteins were removed from plasma by centrifugation 

at 16,000 g and 4°C for 20 min using an Amicon® Ultra-0.5 Centrifugal Filter Device 

(Millipore Corporation, Billerica, MA, USA) and then the flow-through was collected. 

NOx in the flow-through was measured using a QuantiChrom™ Nitric Oxide Assay Kit 
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(BioAssay Systems, Hayward, CA, USA). 

Hindlimb ischemia model 

Hindlimb ischemia was induced in 15-week-old SDT fatty rats and SD rats (as controls). 

After anesthetizing the rats with 2% isoflurane, hindlimb ischemia was induced in the left 

leg by ligation of the proximal femoral artery and the distal saphenous artery. The two 

ligation sites and all branches between them were excised. Skin incision without right 

femoral artery ligation was performed as a sham operation. 

Laser Doppler perfusion imaging 

Hindlimb blood flow was measured with a laser Doppler perfusion imager (Moor 

Instruments Limited, Axminster, UK). Before measuring hindlimb blood flow, the rats 

were anesthetized with 2% isoflurane and placed on a warming plate to maintain constant 

body temperature. During laser Doppler perfusion imaging (LDPI), the rats were 

anesthetized with 1.5% isoflurane. Hindlimb blood flow was measured at 5, 15, and 

35 weeks of age in the nonischemic rats, and before the ischemia-inducing operation, 

immediately after arterial excision, and 7 and 14 days after induction of hindlimb 

ischemia in the ischemic rats. 

Western blot analysis 

Aortas were homogenized in 0.3 mL of radioimmunoprecipitation assay (RIPA) buffer 

(Cell Signaling Technology, Inc., Danvers, MA, USA) containing 1 mM 

phenylmethylsulfonyl fluoride (PMSF) and cOmplete™ ULTRA Tablets, Mini, 
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EASYpack protease inhibitor cocktail (Hoffmann-La Roche Ltd., Basel, Switzerland). 

The homogenates were then centrifuged at 16,000 g and 4°C for 10 min and the 

supernatants underwent western blot analysis to quantify the protein levels of eNOS and 

p-eNOS (Ser1177). The tissue lysate was solubilized in NuPAGE™ LDS Sample Buffer 

(Thermo Fisher Scientific K.K., Tokyo, Japan) containing NuPAGE™ Sample Reducing 

Agent (Thermo Fisher Scientific K.K.). Samples (20-40 µg/lane) were resolved by 

electrophoresis on 4%-12% SDS-PAGE gels (Thermo Fisher Scientific K.K.) and then 

transferred onto polyvinylidene difluoride (PVDF) membranes. The PVDF membranes 

were blocked with Blocking One (Nacalai Tesque, Inc., Kyoto, Japan) and then incubated 

with either anti-eNOS (140 kDa; 1:1000, Cell Signaling Technology, Inc.), 

antiphosphorylated eNOS (Ser1177) (140 kDa; 1:1000, Cell Signaling Technology, Inc.), 

or antibody to β-actin (42 kDa; 1:1000, Cell Signaling Technology, Inc.) (the 

housekeeping protein used to normalize the data) in 10% Blocking One-TBS with 

Tween 20 solution. Horseradish peroxidase (HRP)-conjugated anti-rabbit antibody (GE 

Healthcare Life Sciences, Chicago, IL, USA) was used at 1:5000 dilution in 10% 

Blocking One-TBS with Tween 20 solution. The optical densities of the bands on the 

membrane were quantified using an Amersham Imager 680 (GE Healthcare Life 

Sciences). 

Immunostaining 

The vessels were flushed with phosphate-buffered saline (PBS) and heparin (250 U/kg) 



 17 

14 days after hindlimb ischemia surgery. Perfusion-fixation was performed using 4% 

paraformaldehyde phosphate buffer solution (Nacalai Tesque, Inc.) and the 

gastrocnemius muscle was harvested. The tissue was then embedded in paraffin, cut into 

5-µm sections, and stained with VWF antibody (1:400, Abcam plc, Cambridge, UK). 

Capillary density was quantified by measuring the number of VWF-positive vessels on 

an image of the total gastrocnemius muscle area obtained with a BIOREVO BZ-9000 

fluorescence microscope (KEYENCE Corp., Osaka, Japan). 

Platelet aggregation activity assay 

Blood samples were collected from the SDT fatty rats and the SD rats at 19 weeks of 

age. Sodium citrate (3.8% w/v) solution was mixed with the blood in a blood:sodium 

citrate solution ratio of 9:1. Each blood sample was centrifuged at 170 g and room 

temperature for 10 min, and the supernatant was collected as platelet-rich plasma (PRP). 

The remaining blood sample was centrifuged at 1000 g and room temperature for 15 min 

to obtain platelet-poor plasma (PPP). The number of platelets was measured using a 

Sysmex KX-21NV Hematology Analyzer (Sysmex Corporation, Kobe, Japan), and the 

PRP was diluted in PPP so that the number of platelets was 3.0 × 104/µL. Platelet 

aggregation activity was determined using a HAMA TRACER 712 (MC Medical, Inc., 

Tokyo, Japan). Exactly 0.29 mL of the diluted PRP was transferred to a siliconized 

cuvette that was then placed in a PRP chamber. The final volume in the cuvette was 

0.30 mL after the addition 10 μL of collagen (7 µM). For reference, a cuvette containing 
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0.30 mL of PPP was placed in a PPP chamber. PRP was preincubated for 2 min, then 

incubated for 7 min after the addition of 10 μL of collagen, and finally observed to detect 

collagen-induced platelet aggregation.  

Coagulation assay 

Blood samples were collected as described in the preceding subsection. Each blood 

sample was centrifuged at 1000 g and room temperature for 15 min to separate the plasma. 

PT and APTT were measured using an ACL Elite PRO automatic coagulometer (IL Japan, 

Tokyo, Japan). 

Echocardiographic parameters 

Echocardiography was performed in 27-week-old rats under anesthesia as follows: The 

heart rate was maintained at approximately 320 beats per minute with the use of 2% 

isoflurane. The left ventricular anterior wall, LV end-diastolic dimension, LV end-

systolic dimension, and LV posterior wall were measured on the short-axis view using 

the M-mode method, and the LV ejection fraction was automatically calculated from the 

LV end-diastolic volume and LV end-systolic volume. 

Statistical analysis 

All data are expressed as the mean ± standard deviation. A two-group comparison was 

performed using the F test, followed by the Student t test or the Aspin-Welch t test. 

Differences were considered significant at p < 0.05. 
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Tables 

Table 1. Biological parameters in SDT fatty rats.  

  5 wk  15 wk  35 wk 

BW 

(g) 

SD 118.6 ± 2.8  562.1 ± 38.4  783.5 ± 68.4 

SDT fatty 197.6 ± 5.4**  531.1 ± 20.6  500.9 ± 25.0** 

Glu 

(mg/dL) 

SD 144.5 ± 4.0  127.5 ± 7.0  160.5 ± 13.1 

SDT fatty 291.0 ± 92.7*  797.0 ± 43.8**  842.5 ± 206.9** 

TG 

(mg/dL) 

SD 228.0 ± 147.6  238.3 ± 66.9  262.8 ± 82.0 

SDT fatty 206.6 ± 29.9  429.4 ± 99.9**  446.3 ± 103.5** 

TC 

(mg/dL) 

SD 83.9 ± 11.6  75.7 ± 10.0  103.8 ± 13.0 

SDT fatty 121.9 ± 4.9**  152.2 ± 12.5**  167.4 ± 32.4** 

BW = body weight, Glu = glucose, TG = triglyceride, TC = total cholesterol 

Data are presented as mean ± standard deviation (n = 6).  

*p < 0.05, **p < 0.01: significantly different from the SD rats. 
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Figure legends 

Figure 1: Hindlimb blood flow and plasma NOx in SDT fatty rats and SD rats at 5, 15, 

35 weeks of age. (A) Representative laser Doppler perfusion imaging. Blue 

indicates low blood flow and red indicates high blood flow. (B) Quantitative blood 

flow analysis using laser Doppler perfusion imaging data. (C) Plasma NOx. Data 

are presented as mean ± standard deviation (n = 6). **p < 0.01 means significantly 

different from the SD rats. 

Figure 2: Endothelial function, platelet aggregation activity, coagulation activity, and 

cardiac output in SDT fatty rats and SD rats. (A) Western blot analysis of 

phosphorylated eNOS (p-eNOS) and total eNOS (T-eNOS) in aortas at 35 weeks 

of age. (B) Quantitative Western blot analysis at 5 and 35 weeks of age. eNOS 

level is expressed as the p-eNOS/T-eNOS ratio. (C-E) PT, APTT, and maximum 

platelet aggregation activity induced by 7 µM of collagen at 19 weeks of age. (F) 

Left ventricular ejection fraction (LVEF) at 27 weeks of age. Data are presented as 

mean ± standard deviation (n = 6). *p < 0.05 means significantly different from the 

SD rats, **p < 0.01 means significantly different from the SD rats. 

Figure 3: Hindlimb blood flow and angiogenesis in SDT fatty rats and SD rats after 

inducing hindlimb ischemia at 15 weeks of age. (A) Representative laser Doppler 

perfusion imaging before surgery, immediately after arterial excision, and 7 and 

14 days after induction of hindlimb ischemia. Blue indicates low blood flow and 



 27 

red indicates high blood flow. (B) Quantitative blood flow analysis using laser 

Doppler perfusion imaging data. (C) Change in blood flow (Δblood flow) after 

induction of hindlimb ischemia. (D) Gastrocnemius muscles 14 days after 

induction of hindlimb ischemia, immunostained for VWF. Arrowheads indicate 

VWF positive vessels. (E) Quantitative analysis of the VWF-positive vessels per 

total gastrocnemius muscle area. Data are presented as mean ± standard deviation 

(n = 4-5). *p < 0.05 means significantly different from the SD rats, **p < 0.01 

means significantly different from the SD rats. 
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