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ABSTRACT 

 

Objective: Angiotensin II causes potent increases in systemic and local pressure through its 

vasoconstrictive effect. Despite the importance of angiotensin II for local blood flow regulation, 

whether angiotensin II regulates the pancreatic islet microcirculation remains incompletely understood. 

We hypothesized that angiotensin II directly regulates the pancreatic islet microcirculation and thereby 

regulates insulin secretion. The aims of this study were to develop a new technique to visualize 

pancreatic islet hemodynamic changes in vivo and to analyze changes in islet circulation induced by 

angiotensin II or an angiotensin type 1 receptor blocker.  

Methods: Using an in vivo imaging method, we observed the pancreatic islet microcirculation. 

Various doses of angiotensin II or an angiotensin type 1 receptor blocker were injected intravenously, 

and changes in islet microcirculation were observed. Glucose-stimulated insulin secretion from the 

pancreas was measured from the hepatic portal vein. 

Results: We identified islet microcirculation by using a fluorescent dye. Angiotensin II significantly 

induced blood vessel contraction in the islets in a dose-dependent manner. In contrast, the angiotensin 

type 1 receptor blocker induced vasodilation. Glucose-stimulated insulin secretion was decreased by 

angiotensin II infusion.  

Conclusions: These results show that angiotensin II is involved in the regulation of pancreatic islet 

microcirculation and insulin secretion.  

 

Key words: Angiotensin II, Angiotensin II type 1 receptor blocker, Islet, Insulin secretion, In vivo 

imaging, Microcirculation 

 

Abbreviations used: ARB, angiontensin type 1 receptor blocker; DsRed, Discosoma sp. red 

fluorescent protein; kDa, kilodalton; SBP, systolic blood pressure; WGA, wheat germ agglutinin. 

  



INTRODUCTION 

 

The progression of hypertension is a strong predictor of new-onset type 2 diabetes [14]. Hypertension 

and diabetes share a common basis and therefore frequently develop concomitantly. Relative to 

non-hypertensive patients, hypertensive patients show an approximately 3.3-fold increased risk of 

new-onset diabetes [8]. Hypertension has been shown to cause microvascular damage in the islets as a 

vascular complication [16]. Some clinical studies have shown that renin-angiotensin inhibitors delay 

new-onset diabetes independently of the degree of their antihypertensive effect [11].  

Angiotensin II is the central product of the renin-angiotensin system and is well known to 

cause potent increases in systemic and local blood pressure through its vasoconstrictive effect. Thus, 

angiotensin II decreases blood flow by vasoconstriction and produces ischemic changes in organs [5, 

13], including the pancreas [4]. Islet blood flow is important for supplying nutrients and oxygen to islet 

cells. The regulatory mechanisms that control islet blood flow are complex and include neural, 

hormonal, and local mechanisms that are independent of the surrounding exocrine pancreas [3, 22]. 

Despite the importance of angiotensin II for local blood flow regulation, whether angiotensin II 

regulates pancreatic islet blood flow remains incompletely understood. 

We hypothesized that angiotensin II directly regulates pancreatic islet microcirculation and 

thus regulates insulin secretion. We have established an in vivo method to visualize the 

microcirculation by 2-photon laser microscopy [25, 31]. Using this technique, we developed a novel 

technique to visualize pancreatic islet microcirculation in vivo. We also evaluated the effect of 

angiotensin II and an angiotensin type 1 receptor blocker (ARB) on islet microcirculation and insulin 

secretion. 

  



MATERIALS AND METHODS 

 

Materials 

Angiotensin II (A9525) was obtained from Sigma-Aldrich (St Louis, MO, USA). The angiotensin II 

receptor blocker, valsartan, was purchased from Novartis Pharmaceuticals Corporation (Basel, 

Switzerland). We obtained 500 kilodalton (kDa) fluorescein-dextran (anionic; excitation, 494 nm; 

emission, 518 nm) from Invitrogen, Japan (Tokyo, Japan), and stored it at 2 mg mL
-1
 in 

phosphate-buffered saline (pH 7.4). The enzyme-linked immunosorbent assay kit for insulin was from 

the Morinaga Institute of Biological Science (Yokohama, Japan). The antibody against mouse insulin 

(#3014) was purchased from Cell Signaling (Danvers, MA, USA). Tetramethyl rhodamine 

isothiocyanate-conjugated wheat germ agglutinin (WGA) was purchased from Vector Laboratories 

(Burlingame, CA, USA). The FITC-labeled anti-rabbit antibody was purchased from Dako Japan 

(Tokyo, Japan). Antibodies against mouse Akt (#9272) and phospho-Akt (Ser473; #9271) were 

purchased from Cell Signaling. 

 

Animals  

The animal protocol for this experiment was approved by the Animal Care and Use Committee of 

Kawasaki Medical School (no. 12-048, 2012). Male STOCK Tg(Ins1-DsRed*T4)32Hara/J 

(Ins1-DsRed) mice [15], which harbor a transgenic construct containing the Discosoma sp. red 

fluorescent protein (DsRed) gene under the control of the mouse insulin 1 promoter, were purchased 

from The Jackson Laboratory (Bar Harbor, ME, USA). They were housed in a temperature- and 

humidity-controlled room with a 12-h light-dark cycle, fed standard laboratory animal chow, and 

provided free access to tap water. 

 

Acute Experimental Protocol  



Male Ins1-DsRed mice were used. A polyethylene catheter (PE50; Nihon Becton Dickinson, Tokyo, 

Japan) was inserted into the carotid artery under sevoflurane-induced anesthesia to monitor systolic 

blood pressure (SBP) by using a pressure transducer (RMP-6000; Nihon Kohden, Tokyo, Japan). Next, 

a catheter was inserted into the left external jugular vein for infusion of angiotensin II (25, 50, and 100 

g kg
-1
; bolus injection; n = 5) and/or valsartan (20 or 40 mg kg

-1
; bolus injection; n = 5). A midline 

incision of the abdomen was then made, and the pancreas was exteriorized. During all procedures and 

imaging, the core body temperature of the mice was maintained at 37 °C using a homeothermic table. 

A 0.5-mL volume of 500 kDa fluorescein-dextran solution was infused through the jugular venous 

catheter immediately before microscopic imaging. Next, for analysis of the change in diameter of islet 

arterioles, 0.5 mL of angiotensin II and/or valsartan was infused. The diameter was measured at 3 min 

after infusion. After the pancreatic islet microcirculation was recorded for 30 min, another dose was 

infused. The diameter of islet arterioles was measured using NIH Image/Image J software [30]. 

 

Multiphoton-excitation Laser-scanning Fluorescence Microscopy  

The multiphoton microscope used in these studies was a Leica TCS SP2 AOBS MP confocal 

microscope system (Leica Microsystems Japan, Tokyo, Japan) with the following components: a 

Leica DM IRE2 inverted microscope powered by a wide-band, fully automated, infrared (710–920 

nm) combined photo-diode pump laser and mode-locked titanium-sapphire laser (Mai-Tai, 

Spectra-Physics, Mountain View, CA, USA) [25, 31]. Images were collected in time (xyt) series (0.5–

5 Hz) using Leica Confocal Software (LCS 2.61.1537) and analyzed using LCS 3D, Process and 

Quantify packages. The excitation laser power applied to the sample was attenuated to 2–28 mW by 

using neutral-density filters. 

 

In Situ Pancreatic Perfusion  

Experiments were performed in fasted mice anesthetized using sevoflurane (5%, inhalation). The 



experimental procedures were essentially performed as described by Vikman et al [33]. The mice were 

kept on a heating pad during the entire experiment. After the abdominal cavity was opened and the 

renal, hepatic, and splenic arteries were ligated, the aorta was tied off above the level of the pancreatic 

artery. The pancreas was perfused with Hanks' balanced salt solution, pre-heated at 37°C and 

containing the indicated glucose concentration, via a silicone catheter placed in the aorta (1 mL min
-1
). 

The perfusate was collected through a silicone catheter in the portal vein at 120-s intervals, as indicated, 

in 1.5-mL microtubes containing a proteinase inhibitor. Insulin concentration in the effluent medium 

was determined by insulin enzyme-linked immunosorbent assay kit (Morinaga, Yokohama, Japan). 

There were 3 groups: the vehicle control group, angiotensin II group, and valsartan group (n = 4 in 

each). Angiotensin II (100 µg kg
-1
) was infused 10 min before the perfusate was collected. Valsartan 

(40 mg kg
-1
) was administered by gavage 30 min before the procedure. 

 

Chronic Experimental Protocol  

Male C57BL/6 mice (6 weeks old) were assigned to 1 of the 3 groups: the control group (vehicle 

infusion, n = 8), the Ang II group (angiotensin II, 1.0 g kg
-1
min

-1
, n = 8), or the Val group (valsartan, 

40 mg kg
-1
 per day, by gavage, n = 8). Angiotensin II or vehicle was infused using an osmotic 

mini-pump (Model 1004; Muromachi Kikai, Japan) [32]. At 2 weeks after treatment, SBP, oral 

glucose tolerance, and insulin tolerance were measured. The mice were then killed under anesthesia 

induced by sevoflurane inhalation and blood samples were immediately obtained. The pancreas was 

cross-sectioned and the sections were fixed in 4% paraformaldehyde. 

 

Physiological and Biochemical Measurements  

The SBP was measured by the tail-cuff method (BP-98A; Softron, Tokyo, Japan). At the time of 

sacrifice, blood samples were obtained from the right atrium, and serum creatinine, blood urea nitrogen, 

and fasting serum glucose levels were measured. 



 

Oral Glucose Tolerance Test and Insulin Tolerance Test  

The oral glucose tolerance test was performed after 16 h of overnight fasting. Glucose (1.5 g kg
-1
) was 

administered orally, and a small amount of blood was collected from the tail vein at 0, 30, 60, and 120 

min. The AUC of the blood glucose was calculated for each animal. For the insulin tolerance test, mice 

were given an intraperitoneal injection of 0.75 U kg
-1
 insulin solution after 2 h of fasting. The blood 

glucose level was determined by the glucose dehydrogenase pyrroloquinoline quinone method 

(Medisafe-Mini; Terumo, Tokyo, Japan). The glucose decay constant (KITT) was calculated using the 

formula 0.693/(T1/2), where the T1/2 of plasma glucose was determined from the glucose curve during 

its phase of linear decay (0–30 min) [9].  

For measurement of phosphorylated Akt in skeletal muscle, 6-h fasted mice were 

administered 0.2 U of insulin and killed by anesthesia induced by sevoflurane inhalation after 10 min, 

and the quadriceps muscle was excised and snap-frozen. Protein samples (50 μg per lane) were 

subjected to immunoblotting analysis with antibodies against phospho-Akt (Ser473) (Cell Signaling) 

and Akt (Cell Signaling). Signals were detected using an enhanced chemiluminescence system (GE 

Healthcare Japan, Tokyo, Japan). 

 

Histological Examination and Immunohistochemistry  

The pancreas was cut into 4-m sections and subjected to Azan staining. Histological changes of islets 

were evaluated by light microscopy. Paraffin-embedded tissue was cut into 4-m sections that were 

then deparaffinized and hydrated. The sections were incubated in goat serum for 1 h at room 

temperature. The primary antibody (dilution, 1:200 in phosphate-buffered saline) was added and 



incubated overnight at 4 °C. After the slides were washed in phosphate buffered saline, they were 

incubated in a goat anti-rabbit FITC-conjugated secondary antibody and tetramethyl rhodamine 

isothiocyanate-conjugated WGA (dilution: 1:1000) for 1 h at room temperature. 

 

Statistical Analysis  

Values are expressed as the mean ± SEM. All parameters were evaluated using two-tailed unpaired 

Student’s t-test or one-way analysis of variance for comparison of multiple means. A p value of <0.05 

was considered to represent a significant difference. 

  



RESULTS 

 

Effect of Angiotensin II and ARB on Pancreatic Islet Blood Flow  

Islet vasculature was visualized using 500 kDa FITC-labeled dextran under a confocal microscope. 

The islet was identified by local existence of beta cells that expressed DsRed under the control of the 

mouse-insulin 1 promoter (Figure 1A, 1B). We confirmed that some arterioles flowed into and 

perfused the islets. 

 We then evaluated the reaction of the islet vasculature to angiotensin II infusion (25, 50, 

100 µg kg
-1
). SBP was increased by angiotensin II in a dose-dependent manner (Figure 1C). After 

angiotensin II infusion (100 µg kg
-1
), the islet vasculature gradually constricted, and blood flow 

decreased with vasoconstriction (Supporting Movie 1). Angiotensin II significantly induced the 

contraction of blood vessels in the islets in a dose-dependent manner (% change of vascular diameter: 

8.2% ± 1.9% by 25 µg kg
-1
, 19.5% ± 1.9% by 50 µg kg

-1
, and 20.3% ± 2.4% by 100 µg kg

-1
; Figure. 

1d). Finally, SBP and the diameter of the islet arterioles returned to the basal levels by valsartan 

administration (Figure 1C, 1D).  

We also examined the reaction of the islet vasculature to valsartan (20 and 40 mg kg
-1
). The 

islet microvasculature was dilated at 30 min after infusion of 40 mg kg
-1 

valsartan (Figure 2B), 

compared to vehicle infusion (Figure 2A). SBP was decreased by valsartan in a dose-dependent 

manner (Figure 2C). Valsartan induced vasodilation in mice under normal conditions (% change of 

vascular diameter: 16.5% ± 5.2% by 20 µg kg
-1
 and 25.0% ± 7.1% by 40 µg kg

-1
; Figure 2D). 

 

Effect of Angiotensin II and ARB on Pancreatic Insulin Secretion  

To evaluate the effect of angiotensin II and ARB on insulin release dynamics, we performed in situ 

pancreatic perfusion experiments (Figure 3). When the glucose concentration was increased from 5.5 

mM to 16.7 mM in vehicle-treated pancreata, insulin release increased in a biphasic manner consisting 



of a first increase followed by a nadir and a second increase (Figure 3A). In angiotensin II-infused 

pancreata, high-glucose-stimulated insulin secretion was decreased in both the first and second phase 

(Figure 3B). Pretreatment with valsartan increased insulin release in the first phase of the response to 

high glucose (Figure 3C). The first phase lasted 7.5 ± 0.9 min in vehicle-treated mice and 6.5 ± 0.5 min 

in angiotensin II-pre-infused mice. In the valsartan pre-treated mice, the first phase was significantly 

extended to 10.5 ± 0.5 min (p < 0.05 vs. vehicle group). A comparable reduction of total insulin release 

as measured by the AUC was observed in the Angiotensin II-treated group. In contrast, valsartan 

treatment did not affect total insulin secretion (Figure 3D. Ang II, 26.1% ± 3.5%; Val, 109.2% ± 

28.4%).  

 

Effect of Chronic Angiotensin II and ARB on Islet Morphology and Glucose Tolerance  

Angiotensin II increased the SBP at 14 days. Valsartan treatment reduced SBP to the level in the 

control group (Table 1). There was no difference in body weight or serum creatinine levels among the 

3 groups. Fasting glucose levels also did not differ among the 3 groups. The Ang II group showed a 

tendency toward increased insulin levels; however, this increase was not significant (Table 1).  

Azan staining showed the absence of fibrotic changes and inflammatory cell infiltration in 

the 3 groups (Figure 4A upper). We evaluated the insulin content and endothelial volume in islets in 

detail (Figure 4A lower). The area of positive insulin staining did not differ among the 3 groups 

(Figure 4A, B. Control, 63.5% ± 1.6%; Ang II, 57.5% ± 1.8%; and Ang II+Val, 58.1% ± 1.2%), but 

the endothelium volume as detected by WGA-lectin staining was significantly lower in the Ang II 

group than in the control group (Figure 4A, C. Control, 16.8% ± 1.6%, Ang II, 8.0% ± 0.6%; p < 0.05). 

Valsartan treatment prevented the decrease in endothelium volume induced by angiotensin II (Figure 

4A, C. Ang II+Val, 12.5% ± 0.9%, p < 0.05 vs. Ang II).  

Finally, we investigated oral glucose tolerance and insulin tolerance. The oral glucose 

tolerance test revealed that the Ang II group showed an exacerbation of hyperglycemia after glucose 



administration that was normalized in the ARB Val group (Figure 5A, B). However, the insulin 

tolerance test (Figure 5C, D) and the evaluation of insulin-stimulated phosphorylation of Akt in 

skeletal muscle (Figure 5E) did not show a significant difference among the groups. After insulin 

injection, Akt-Ser473 phosphorylation increased in all groups, but there was no significant difference. 

  



DISCUSSION 

 

The aims of this study were to visualize mouse islet microcirculation by using an in vivo imaging 

method and to evaluate a potential association of the renin-angiotensin system with the regulation of 

islet blood vasoconstriction and insulin secretion. In the present study, we showed that angiotensin II 

significantly induced blood vessel contraction in the islets and that an angiotensin type 1 receptor 

blocker induced vasodilation in mice under normal conditions. Angiotensin II directly decreased insulin 

secretion from the pancreas and the angiotensin II receptor blocker increased the initial insulin secretion 

in response to high glucose stimulation. However, in the normal condition, chronic angiotensin II 

infusion did not induce glucose intolerance or insulin resistance. 

We previously developed an in vivo imaging method to visualize and analyze the 

microcirculation of islets in a living mouse. The pancreatic islets are among the most vascularized 

organs of the body [10, 28]. Using 2-photon laser microscopy, we established an in vivo imaging 

method to visualize the renal microcirculation [31]. We attempted to visualize mouse islet 

microcirculation using this in vivo imaging method. We confirmed that pancreatic islets have a dense 

network of sinusoidal capillaries with a morphology resembling that of the glomerulus.  

We observed some inflow from blood vessels into the islets. There are 3 models of islet 

perfusion [2]. The central concept of the first model is that secretory products of non-beta cells affect 

insulin secretion by beta cells. The second model describes a pattern of microcirculation in which beta 

cells are perfused first and insulin released into the circulation by these cells affects the secretion of 

non-beta cells. The third model describes a feeding arteriole that enters 1 side of the islet and 



immediately branches into capillaries to perfuse endocrine cells of all types. In this study, however, we 

could not identify the mechanism underlying islet perfusion in detail because time resolution of the 

2-photon laser microscope was too low to permit observation of the movement of red blood cells. 

Further examinations are required concerning the measurement of islet blood flow by using another 

type of microscope that can measure islet blood flow.  

We measured microvessel diameter in the islets to assess changes of islet microcirculation. 

Previous studies that examined islet blood flow used microsphere methods [17, 19, 20]. The 

microsphere method is an important technique in cardiovascular research for the estimation of blood 

flow distribution within organs. Regarding pancreatic flow changes in response to angiotensin II and 

ARB, our findings agree with those of previous studies that used the microsphere method [4]. Thus, the 

angiotensin system plays a pivotal role in islet blood perfusion to cause adequate insulin release by 

controlling vasoconstriction. 

Two possibilities exist for the mechanism underlying impaired glucose-induced insulin 

release with angiotensin II. The first mechanism is the disturbance of (pro)insulin biosynthesis 

regulation by angiotensin II [26], as angiotensin II type 1 receptor receptors are expressed in beta cells 

and participate in insulin biosynthesis. The second mechanism involves a defect in islet blood flow [4]. 

We showed that angiotensin II induces the constriction of islet arterioles. The existence of the 

pancreatic tissue renin-angiotensin system has now been confirmed in various species, including mice, 

rats, dogs, and humans [29]. Expression of angiotensin II type 1 receptors has been identified in islet 

arterioles, microvessels, and beta cells [6, 7, 27]. In this study, we considered that angiotensin II directly 

affected the islet arterioles through the contraction of vascular smooth muscle cells in the islet. This 



contraction would have decreased blood flow and thus decreased the secretion of insulin.  

We showed that ARB induced vasodilation in mice under normal conditions, which may 

have resulted in increased islet blood flow and increased insulin secretion. However, ARB only 

increased the first phase of insulin secretion in response to glucose stimulation in our study. A previous 

study indicated that pancreatic islet blood flow was significantly and preferentially enhanced after the 

administration of an angiotensin-converting enzyme inhibitor or ARB [4, 18]. However, regarding 

insulin release caused by an renin-angiotensin system inhibitor, both increase [18] and no change [4] 

have been reported. A previous study showed that in transplanted islets, ARB markedly increases blood 

perfusion and the first phase of glucose-stimulated insulin secretion [24]. Reasons for these discrepant 

results may include differences between angiotensin-converting enzyme inhibitors and angiotensin II 

type 1 receptor blockers, the timing of drug administration, or a difference in animal species. We used 

normal mice, but use of a disease model such as mouse models of type 1 or type 2 diabetes would have 

been helpful. 

We have observed that chronic angiotensin II infusion induced glucose intolerance in 

normal mice in vivo. Juan et al. reported that angiotensin II pretreatment leads to increased 

insulin-stimulated glucose transport in isolated rat adipocytes, and administration of angiotensin II 

increases insulin sensitivity in rats [23]. In contrast, other studies have suggested that angiotensin II may 

negatively modulate the effect of insulin by regulating multiple levels of the insulin-signaling cascade 

[12]. Our data indicate that angiotensin II reduced endothelial cell defects in islets but had no effect on 

peripheral insulin sensitivity in normal mice. Some studies have shown that defective in vivo insulin 

secretion is caused by islet vascular abnormalities that result in decreased islet blood flow without 



impairment of beta cell function [1, 21]. Much more long-term infusion of angiotensin II may result in 

insulin resistance in peripheral tissues. 

In conclusion, we visualized mouse islet microcirculation in vivo for the first time. We also 

identified an association of the renin-angiotensin system with the regulation of islet blood constriction 

and insulin secretion. Angiotensin II has a marked vasoconstrictive effect on islet vasculature. 

Decreased islet blood flow could be important for impairments of insulin release. In contrast, ARB 

vasodilates islet arterioles and increases insulin release rapidly in response to high glucose levels. This 

process may be involved in new-onset diabetes and progressive islet damage in hypertensive patients. 

 

  



PERSPECTIVE 

 

The development of a murine model to examine the islet microcirculation provide investigators with a 

new technique to study islet pathology and analyze potential treatments. We confirmed that the 

renin-angiotensin system is involved in not only islet microcirculation but also insulin secretion. This 

study shed light on the pathophysiology of diabetes in hypertensive patients.  
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Figure legends 

 

Figure 1. Effect of angiotensin II on pancreatic islet microcirculation. (A, B) Representative islet 

microvascular morphology before (A) and at 3 min after (B) angiotensin II (100 µg kg
-1
) infusion. 

Green, 500 kDa FITC-labeled dextran. Red, Ds-Red. Scale bar, 80 µm. (C, D) Changes of SBP (c) 

and percent (%) change of vascular diameter (D) after angiotensin II (25, 50, 100 µg kg
-1
) and 

valsartan (Val; 40 mg kg
-1
) administration. Values represent mean ± SEM. *p < 0.05 vs. vehicle. 

 

Figure 2. Effect of valsartan on pancreatic islet vascular diameter. (A, B) Representative islet 

microvascular morphology before (A) and at 30 min after (B) valsartan (40 mg kg
-1
) administration. 

Green, 500 kDa FITC-labeled dextran. Red, Ds-Red. Scale bar, 80 µm. (C, D) Changes of SBP (C) 

and percent (%) change of vascular diameter (D) after valsartan (20 and 40 mg kg
-1
) administration. 

Values represent mean ± SEM. *p < 0.05 vs. vehicle. 

 

Figure 3. Relative insulin secretion by in situ pancreatic islet perfusion. (A–C) High-glucose-induced 

insulin secretion after pretreatment with vehicle (A), angiotensin II (Ang II) (B), or valsartan (Val) (C). 

Values represent mean ± SEM of 4–6 experiments. (D) Comparison of AUC among groups. Values 

represent mean ± SEM. *p < 0.05 vs. vehicle.  

 

Figure 4. Histological changes of islets upon chronic angiotensin II infusion. (A) Upper, Azan staining. 

Lower, double immunohistochemical staining for insulin (Green) and endothelium (Red). Cont, 

vehicle-treated mice. Ang II, angiotensin II-treated mice. Ang II +Val, Ang II+valsartan-treated mice. 

Scale bar, 80 µm. (B) Percentage of insulin-positive area in islet. (C) Percentage of endothelium 

volume in islet. Values represent mean ± SEM. *p < 0.05 vs. Cont; †p < 0.05 vs. Ang II. 

 



Figure 5. Changes in glucose tolerance upon chronic angiotensin II infusion. (A) Oral glucose 

tolerance test in mice treated with vehicle (Cont), angiotensin II (Ang II), and Ang II+valsartan (Val). n 

= 6–8 in each group. Values represent mean ± SEM. (B) Comparison of the AUC for glucose among 

groups. Values represent the mean ± SEM. (C) Insulin tolerance in mice from Cont, Ang II, and Ang 

II+Val groups; n = 6–8 in each group. Values represent mean ± SEM. *p < 0.05 vs. Cont; †p < 0.05 vs. 

Ang II. (D) Comparison of glucose decay rate (KITT). Values represent mean ± SEM. (E) Western blot 

analysis for phospho-Akt (Ser473) in skeletal muscle after insulin injection.  

 

SUPPORTING INFORMATION 

Movie 1 Changes of pancreatic islet microcirculation after angiotensin II (100 µg kg
-1
) infusion. 

  



Table 1. Physiological data 

 

Data are the mean ± SEM. *p < 0.05 vs. Cont. †p < 0.05 vs. Ang II. 
§
p = 0.14 vs. Cont. 

 

Parameter Cont Ang II Ang II+Val 

Number  5 5 5 

Body weight (g) 28.9 ± 2.1 28.4 ± 1.0 27.5 ± 1.2 

Systolic blood pressure (mmHg) 106 ± 4 121 ± 13* 83 ± 5*† 

Serum creatinine (mol/L) 13.3 ± 0.9 14.1 ± 0.9 13.3 ± 0.9 

Fasting glucose (mmol/L) 7.9 ± 0.9 7.6 ± 1.2 7.7 ± 0.9 

Fasting insulin (pmol/L) 2.8 ± 0.4 4.0 ± 0.7
§
 1.6 ± 0.2 


