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INTRODUCTION

Ischemia [START_REF] Cartee | Stimulation of glucose transport in skeletal muscle by hypoxia[END_REF], like muscle contraction [START_REF] Kraniou | Effects of exercise on GLUT-4 and glycogenin gene expression in human skeletal muscle[END_REF], induces translocation of intracellular glucose transporters (GLUT4) to the plasma membrane and subsequently stimulates glucose uptake in skeletal muscle tissue. Both stimuli appear independent of the insulin signalling cascade [1;3-7]. The mechanism behind ischemia and contraction-induced translocation of GLUT4 in skeletal muscle are only partly unresolved, but may involve several kinases that sense and transduce signals relating to changes in the intracellular environment during contraction/ ischemia (i.e., higher Ca 2+ , AMP concentrations) to other undefined proteins involved in GLUT4 movement [START_REF] Rose | Skeletal muscle glucose uptake during exercise: how is it regulated?[END_REF]. Intracellular Ca 2+ levels are related to the activity of the motor nerves, so proteins influenced by Ca 2+ , such as protein kinase C (PKC), calmodulin (CaM) and nitric oxide synthase (NOS) can be considered as feed forward regulation. For example, Ihleman et al [START_REF] Ihlemann | Calphostin C is an inhibitor of contraction, but not insulin-stimulated glucose transport, in skeletal muscle[END_REF] demonstrated that inhibition of CaM resulted in a reduction of contraction-induced glucose uptake. Also other proteins are linked to glucose uptake, such as AMP-activated protein kinase (AMPK) [START_REF] Bergeron | Effect of AMPK activation on muscle glucose metabolism in conscious rats[END_REF][START_REF] Hayashi | Evidence for 5' AMP-activated protein kinase mediation of the effect of muscle contraction on glucose transport[END_REF][START_REF] Kurth-Kraczek | 5' AMP-activated protein kinase activation causes GLUT4 translocation in skeletal muscle[END_REF]. AMPK is present in most mammalian cells and appears to act as a fuel gauge [START_REF] Hardie | Minireview: the AMP-activated protein kinase cascade: the key sensor of cellular energy status[END_REF]. Low energy cellular status such as ischemia and contraction, but also hyperosmolarity and heat shock, increase the AMP: ATP ratio, thereby activating AMPK [14;15]. A recent human in vivo study [START_REF] Frosig | Effects of endurance exercise training on insulin signaling in human skeletal muscle: interactions at the level of phosphatidylinositol 3-kinase, Akt, and AS160[END_REF], investigating the effects of endurance training, showed an increase in phosphorylation of AS160, which may be caused by changes in activity of AMPK acting upstream of AS160. As AMPK forms a potential pharmacological target for the treatment of type 2 diabetes [17;18], to elucidate the pathways regulating glucose uptake in skeletal muscle tissue is of great clinical relevance to the development of interventional strategies to improve glycaemic control in type 2 diabetes. Several in vitro studies have shown that the maximal effects of hypoxia and insulin on glucose transport are additive, whereas the effects of muscle contraction and hypoxia are not [1;14;19]. The latter implies that hypoxia and muscle contraction stimulate glucose transport via the same, insulin independent, mechanism. However, recent in vitro studies suggest that the mechanisms, responsible for ischemia and contraction induced glucose uptake do not share common pathways and are, at least partly, additive [6;20;21]. However the latter has not been confirmed in an in vivo human model. The present study aims to test the hypothesis that, ischemia-and insulin-induced glucose uptake are additive in vivo in healthy humans. Furthermore, we hypothesized that the combined effects of ischemia and muscle contraction on glucose uptake are not different from the impact of either ischemia or muscle contraction only. Therefore, we conducted two experiments. In protocol 1, we investigated the effects of ischemia in the presence and absence of a euglycemic hyperinsulinemic condition on forearm glucose uptake (FGU) and forearm blood flow (FBF). In protocol 2, we assessed the impact of ischemia, muscle contraction, and a combination of both on FGU and FBF.

METHODS

Subjects

A total of 18 healthy subjects were studied (2 groups of 9 subjects, consisting of 5 men and 13 females, age: 21.1 0.6 yr, BMI: 21.8 0.5 kg/m 2 , means±SD). All subjects underwent a clinical screening and a resting ECG. All subjects were healthy, i.e. not suffering from any acute or chronic illness and were not on any medications (except for oral contraceptives). The research was performed in accordance with the Declaration of Helsinki (2000) of the World Medical Association. The local ethics committee approved the study and all subjects gave written informed consent before participation.

Protocol 1: Impact of ischemia, insulin, and ischemia plus insulin on glucose uptake

We studied the physiological response to ischemia under normal physiological and euglycemic hyperinsulinemic conditions (clamp). First, the impact of 10 min of arterial occlusion on FGU and FBF was determined by inflating upper arm cuffs 100 mm Hg above systolic blood pressure. After 40 min of rest (pilot studies revealed that after 40 min the effects of ischemia (and contraction, see protocol 2) had totally disappeared, data not shown), a euglycemic hyperinsulinemic clamp was started. After 95 min, the impact of 10 min arterial occlusion was studied during euglycemic, hyperinsulinemic condition. We define "ischemia" as oxygen shortage of the muscle forearm, without reactive hyperaemia or muscle necrosis. After 10 min of ischemia, vasodilation will occur as a compensatory mechanism, and an increase in glucose uptake can be a consequence. We based this definition on a previous study of our colleagues Rongen et al [START_REF] Rongen | Annexin A5 scintigraphy of forearm as a novel in vivo model of skeletal muscle preconditioning in humans[END_REF]. They also used the same experimental procedure (ischemic exercise) as we did and have extended this with the Annexin A5 scan.

Protocol 2: Impact of ischemia, contraction, and ischemia plus contraction on glucose uptake

The effect of isometric contraction on FGU and FBF was determined during two 10 minperiods, during which muscle contraction and relaxation were alternated (5 sec at 30% of maximal hand grip power followed by 5 sec intermittent rest). After 40 min of subsequent rest, arterial occlusion was applied for 10 min by inflating upper arm cuffs 100 mm Hg above systolic blood pressure. After 40 min of rest, isometric contraction was repeated. After 10 min of contraction, contraction was combined with 10 min of arterial occlusion (or until exhaustion).

Experimental procedure

The experiments started at 8.00 AM after an overnight fast in a quiet, temperature controlled room (23-24 C). The subjects abstained from caffeine-containing foods and alcohol consumption for at least 24 h before the experiment. A catheter (Angiocath: 20-gauge, 48 mm, Becton Dickinson and Co., Sandy, Utah, USA) was inserted into the brachial artery of the non-dominant arm (experimental arm; the contralateral arm is the control arm) to obtain arterial blood samples and allow continuous blood pressure monitoring (Hewlett Packard GmbH, Böblingen Germany). In both arms a catheter (Venflon: 20-gauge, 32 mm, Becton Dickinson, Helsingborg, Sweden) was inserted retrograde into a deep forearm vein for deep venous blood sampling, enabling measurement of forearm arterio-venous glucose differences ( Gluc A-V ) in both arms. Blood samples were taken with an inflated wrist cuff for at least 5 min to exclude hand and skin flow to enter the deep venous system at the wrist. Bilateral FBF was measured by venous occlusion plethysmography [23;24]. In both protocols, FBF was measured immediately after the different stimuli (ischemia and contraction) were applied. In protocol 1 (euglycemic hyperinsulinemic clamp) an additional catheter (Venflon: 20-gauge, 32 mm, Becton Dickinson, Helsingborg, Sweden) was inserted into a vein on the dorsal side of a foot for infusion of insulin and glucose (20% glucose). After complete instrumentation, at least 30 min of rest was included to obtain a steady state before baseline data (FBF, Gluc A- V, plasma insulin level and hematocrit) were collected. During the euglycemic hyperinsulinemic clamp (protocol 1), 50 U insulin (Actrapid , Novo Nordisk, Farma BV, Alphen a/d Rijn, The Netherlands) was diluted in 47.5 ml 0.9% NaCl with the addition of 2 ml blood (to avoid adherence of insulin to tubing) to a concentration of 1 U/ml. Insulin was infused intravenously in a dose of 430 pmol•m -2 •min -1 (60 mU•m -2 •min -1 ). Subjects were clamped at fasting arterial glucose levels for 125 min. Euglycemia was maintained by a variable infusion of 20% glucose solution adjusted by arterial glucose measurements obtained at 5-min intervals.

Laboratory measurements and analysis

Plasma glucose levels were measured in duplicate using the glucose oxidation method (Beckman Glucose Analyzer II; Beckman, Fullerton, CA). Plasma insulin was assessed by inhouse radioimmunoassay (RIA).

Calculations and statistical analysis FBF, immediately obtained after 2 min of each intervention, was averaged to one value. FGU was calculated from Gluc A-V and FBF, assuming that:

Whole blood glucose = (1-[0.3 Hematocrit]) plasma blood glucose [25] FGU = Gluc A-V (1-[0.
3 Hematocrit]) FBF For calculation of whole body glucose disposal (M-value), we used the glucose infusion rate (GIR) over the last 30 min of the euglycemic hyperinsulinemic clamp before ischemia was applied, divided by body weight (µmol/min/kg). Differences in means were tested using paired Student's t-test. P<0.05 was considered statistically significant. Results and figures are expressed as means ± SEM, unless otherwise indicated.

RESULTS

Baseline characteristics

Baseline characteristics of the participants of both experiments did not differ. Provide details of the subjects here per experiment. In protocol 1, one person was excluded from the study because she fainted during the experiment (see below).

Protocol 1: Impact of ischemia, insulin, and ischemia plus insulin on glucose uptake 1: Metabolic response to ischemia: Gluc A-V did not change after 10 min of ischemia, see figure 1, middle. FGU increased from 0.6 0.1 to 5.5 1.9 mol/min per dl of forearm tissue, P= 0.03, versus baseline, see figure 1, bottom. 2: Metabolic response to insulin: After 95 min of systemic hyperinsulinemia, Gluc A-V increased in both arms (P<0.05 versus baseline for both and P= NS between 2 sides). FGU increased in the experimental and control arm (to 1.6 0.3 and 1.8 0.4 mol/min/dl respectively, P= 0.01 versus baseline, for both) with no differences between arms. During systemic insulin infusion, plasma insulin concentrations increased from 55 10 to 600 34 and to 551 27 pmol/l after 95 and 125 min respectively. The GIR was 37.2 2.8 mol/min/kg.

3: Metabolic response to ischemia plus insulin: Compared to insulin only,

Gluc A-V decreased significantly to 1.2 0.3 mmol/l after 10 min of ischemia combined with insulin. After ischemia, in the experiment arm, Gluc A-V returned to baseline values (1.8 0.3 mmol/l). FGU further increased to 15.6 2.2 mol/min/dl after 10 min of ischemia combined with insulin and was even synergistic when compared with the metabolic response to insulin and ischemia separately (P= 0.0003 and P= 0.0007 respectively). In the control arm, FGU increased to 2.2 0.4 mol/min/dl after 125 min of hyperinsulinemia (P= 0.03).

Protocol 1: Impact of ischemia, insulin, and ischemia plus insulin on blood flow 1: Hemodynamic response to ischemia: After 10 min of ischemia, FBF increased in the experimental arm to 14.8 1.9 ml/min per dl of forearm tissue, see figure 1, top (P= 0.0001). Heart rate (HR) did not change (P= 0.7), but systolic blood pressure decreased after 10 min of ischemia (from 121 2 to 109 3 mm Hg, P= 0.0005). See table 1 for heart rate and blood pressure values. 2: Hemodynamic response to insulin: After 95 min of hyperinsulinemia, there was no significant increase in FBF when compared with baseline values (from 1.4 0.3 to 1.6 0.4 ml/min/dl, P= 0.3). HR increased from 58 2 to 65 2 bpm (P= 0.01) and systolic blood pressure increased from 123 2 to 129 1 mm Hg (P= 0.001). MAP did not change significantly (P= 0.3). 3: Hemodynamic response to ischemia plus insulin: After 10 min of ischemia combined with insulin, FBF increased to 16.2 2.1 ml/min/dl (P= 0.0001 versus baseline), which did not differ from the vasodilator response to ischemia only. During the study, there was no significant increase in FBF in the control arm. HR was not affected by ischemia under hyperinsulinemic conditions (65 2 to 68 3 bpm, P= 0.3), but systolic blood pressure decreased during ischemia plus hyperinsulinemia (129 1 to 113 3 mm Hg, P= 0.00007).

Protocol 2: Impact of ischemia, contraction, and ischemia plus contraction on glucose uptake 1: Metabolic response to muscle contraction: Isometric contraction increased Gluc A-V in the experiment arm from 0.3 0.1 to 0.6 0.1 mmol/l (see figure 2, middle, P<0.05) and increased FGU from 0.3 0.1 to 2.7 0.8 mol/min/dl (P= 0.01 versus baseline, see figure 2, bottom.

2: Metabolic response to ischemia: After 10 min of ischemia,

Gluc A-V remained unchanged which is consistent with the findings in protocol 1. FGU increased from 0.5 0.1 to 4.4 0.8 mol/min/dl (P= 0.0008 versus baseline). FGU after ischemia was not significantly different compared to contraction only (P= 0.1).

3: Metabolic response to ischemia plus muscle contraction:

The combination of contraction and ischemia did not significantly change Gluc A-V (0.4 0.1 to 0.2 0.1 mmol/l, P= NS). There was no additive effect on FGU (from 0.6 0.2 to 5.3 1.6 mol/min/dl, P= 0.4, en P= 0.1 respectively versus ischemia and contraction separately). The arterial glucose (5.1 0.1 to 5.2 0.1 mmol/l) and the insulin levels (36±3 to 39±3 pmol/l) did not differ significantly (T=0 and 155 min respectively).

Protocol 2: Impact of ischemia, contraction, and ischemia plus contraction on blood flow 1: Hemodynamic response to muscle contraction: Isometric contraction increased FBF in the experimental arm from 1.5 0.2 to 5.1 0.8 ml/min/dl (P= 0.0004 versus baseline), see figure 2, top. HR and systolic blood pressure did not change. See table 2 for heart rate and blood pressure values. 2: Hemodynamic response to ischemia: Ischemia increased FBF from 2.2 0.3 to 14.8 2.2 ml/min/dl (P= 0.0003 versus baseline). HR increased from 60 2 to 63 2 bpm (P<0.05 versus baseline). The systolic blood pressure decreased from 128 4 to 116 3 mm Hg (P= 0.0001), which is comparable to the observed changes in protocol 1 after 10 min of ischemia.

3: Hemodynamic response to ischemia plus muscle contraction:

After the combination of contraction and ischemia, there was a larger increase in FBF (maximal increase from 2.1 0.3 to 25.3 3.4 ml/min/dl, P= 0.0003 and P= 0.0007 respectively versus contraction or ischemia alone). FBF in the control arm did not significantly change over the course of the experiment. HR increased from 63 2 to 75 5 bpm and MAP increased from 92 3 to 109 4 mm Hg, P<0.05 versus baseline for both.

Side effects

During the experiments with ischemia and contraction (protocol 2), subjects reported no sideeffects, except for cramps in the forearm muscle during the combination of exercise and contraction. All subjects found the combination of ischemia and contraction hard to carry out. Half of the participants were able to perform exercise during ischemia for 8 to 10 min (men found this easier than women), the others found this more difficult, but could combine this in most of the times for at least 5-6 min. During the last 4-5 min the subject also contract there muscles on a less regular basis. Thus, although the exercise stimulus may have been somewhat less intense, the participants still performed substantial muscle contraction during ischemia and that indeed the exercise stimulus during ischemia does not really differ from exercise only. In protocol 1, one person fainted during the euglycemic hyperinsulinemic clamp as a result of pain at the site of the catheter in the experimental arm. This person was excluded from the study. Other subjects in protocol 1 reported no side-effects at all.

DISCUSSION

The present study shows that ischemia and insulin are synergistic in stimulating effects on forearm glucose uptake in vivo in human skeletal muscle, while ischemia and muscle contraction are not. The observed differential effects of these stimuli on glucose uptake seem to be unrelated to changes in muscle blood flow.

These findings suggest that ischemia and muscle contraction stimulate glucose uptake in muscle tissue through the same metabolic pathways and, as such, imply that the pathways responsible for ischemia-induced glucose uptake are at least partly different from the mechanism responsible for insulin stimulated glucose uptake. The latter is supported by our observation that ischemia-induced glucose uptake is of a similar magnitude compared with ischemia plus contraction induced glucose uptake, and that the combined impact of insulin plus ischemia on glucose uptake is even greater than the sums of both separately. These findings seem consistent with earlier in vitro studies, which exposed isolated rat and human skeletal muscle to hypoxia. Cartee et al [START_REF] Cartee | Stimulation of glucose transport in skeletal muscle by hypoxia[END_REF] have shown that in perfused rat hind limb muscle, hypoxia increases the translocation of glucose transporters to the plasma membrane. Furthermore, they showed that the maximal effect of hypoxia and insulin on glucose transport was additive, whereas the effect of exercise and hypoxia was not. The latter provides evidence that hypoxia and exercise stimulate glucose transport via the same mechanism. Azevedo et al [START_REF] Azevedo | Hypoxia stimulates glucose transport in insulin-resistant human skeletal muscle[END_REF] examined muscle tissue derived from lean, obese and obese type 2 diabetic subjects and reported similar results. The authors showed that hypoxia in combination with insulin significantly stimulates glucose transport in all muscle tissue samples that were examined, suggesting that the glucose transport pathway is intact in muscle tissue in obese as well as in obese, type 2 diabetic patients when stimulated by hypoxia. More recent studies [START_REF] Hayashi | Metabolic stress and altered glucose transport: activation of AMP-activated protein kinase as a unifying coupling mechanism[END_REF] have examined the effect of metabolic stressors on glucose transport and AMPK activation in rodent muscle. The glucose transport rates in the isolated muscle increased 5-fold above basal values during contraction and 8-fold during hypoxia. The latter was accompanied by a substantial activation of AMPK in skeletal muscle. However, insulin did not affect AMPK activity, but stimulated glucose transport 6.5-fold above baseline, again indicating that ischemia and muscle contraction stimulated glucose uptake are insulin-independent. In a previous human in vivo study [START_REF] Niklasson | Muscle glucose uptake is effectively activated by ischemia in type 2 diabetic subjects[END_REF], the effects of ischemia on glucose uptake was measured by using muscle micro dialysis in patients with type 2 diabetes and healthy subjects. The authors showed that glucose uptake is efficiently activated by ischemia in both healthy and type 2 diabetic subjects, and suggest that the activation of a pathway alternative to the insulin signalling cascade is not impaired [START_REF] Niklasson | Muscle glucose uptake is effectively activated by ischemia in type 2 diabetic subjects[END_REF]. The present findings are to our knowledge the first to show the differential effects of ischemia, muscle contraction and/ or hyperinsulinemia on skeletal muscle in vivo in humans. Recent in vitro studies suggest that part of the mechanism responsible for muscle contraction induced glucose uptake are different from ischemia stimulated glucose uptake and involve pathways independent of AMPK. The latter would imply that the impact of ischemia and muscle contraction on glucose uptake may be, at least partly, additive [6;20;21]. Nielsen et al [START_REF] Nielsen | A possible role for AMPactivated protein kinase in exercise-induced glucose utilization: insights from humans and transgenic animals[END_REF] concluded that a role for AMPK in exerciseinduced glucose uptake cannot be excluded, but that one or more additional pathways are involved in mediating glucose uptake in skeletal muscle tissue during exercise. So far, these speculations have not been further studied in an in vivo human model. The molecular mechanism responsible for hypoxia-(and exercise-) stimulated glucose uptake in human skeletal muscles remains to be fully elucidated, but it seems evident that AMPK plays a central role in this process. A limitation of the present study is that we were unable to obtain muscle biopsies of the forearm, because of ethical and safety reasons. So we cannot prove whether ischemia and/ or contraction did or did not phosphorylate AMPK in healthy subjects. As AMPK activation has important stimulating effects on both fat and carbohydrate metabolism, it represent an interesting target for intervention strategies in the prevention and/ or treatment of obesity and/ or type 2 diabetes [17;18]. Unravelling the exact physiological pathways responsible for the impact of ischemia, contraction and/ or insulin on fat and carbohydrate metabolism in liver, adipose tissue as well as muscle tissue in humans will proof to be of great clinical relevance in the treatment of chronic metabolic diseases. Another (possible) limitation of our study is that over activity of the sympathetic activation can influence glucose uptake negatively. The subjects experienced protocol 1 not as painful at all. Only the subjects in protocol 2 experienced some muscle cramps in their forearm during the combination of ischemia and contraction (see Side effects). We also showed that heart rate en blood pressure increased during this period. Thus, with the exception of the combined exercise ischemia protocol, pain-induced activation of the sympathetic nervous system is unlikely to have affected our results. Although less likely, it cannot be excluded that the pain associated with the combined exercise ischemia protocol might induce sympathetic activation, which in itself than may damp subsequent glucose uptake stimulation.

Although our study was mainly designed to investigate the metabolic effects of ischemia to contraction/ insulin in vivo in humans, our secondary goal was to explore the effects of ischemia on forearm blood flow and its potential contribution to glucose uptake. In the present study, we show that ischemia is a potent vasodilator, which is in accordance with previous findings [START_REF] Abbink | Vascular effects of metabolic inhibition by 2-deoxy-D-glucose in humans[END_REF][START_REF] Riksen | Augmented hyperaemia and reduced tissue injury in response to ischaemia in subjects with the 34C > T variant of the AMPD1 gene[END_REF][START_REF] Beckerath | Hypoxic vasodilatation in isolated, perfused guinea-pig heart: an analysis of the underlying mechanisms[END_REF]. Furthermore, exercise stimulates insulin-induced capillary recruitment in rodent skeletal muscle and, as such, augments glucose uptake [START_REF] Rattigan | Exercise training improves insulin-mediated capillary recruitment in association with glucose uptake in rat hindlimb[END_REF]. The stimulatory effect of muscle contraction on blood flow has also been described in vivo in humans. A prolonged exercise bout has been shown to increase FBF in healthy men under hyper- [START_REF] Hallsten | Insulin-and exercisestimulated skeletal muscle blood flow and glucose uptake in obese men[END_REF][START_REF] Bisquolo | Previous exercise attenuates muscle sympathetic activity and increases blood flow during acute euglycemic hyperinsulinemia[END_REF][START_REF] Dela | Effect of training on interaction between insulin and exercise in human muscle[END_REF] as well as under normoinsulinemic conditions [START_REF] Hunter | Active hyperemia and vascular conductance differ between men and women for an isometric fatiguing contraction[END_REF][START_REF] Thompson | Forearm blood flow responses to fatiguing isometric contractions in women and men[END_REF][START_REF] Gonzales | Forearm blood flow follows work rate during submaximal dynamic forearm exercise independent of sex[END_REF]. Based on the findings that especially in protocol 1, the increase in FGU is not preceded by an increase of FBF, which is also less visible in protocol 2 (see figure 1 and 2), it seems that the increase in FGU is not clearly correlated by an increase in FBF. This suggests that the differential stimulating effects on glucose uptake are unrelated to the changes in blood flow (measured with plethysmography). The latter is consistent with the idea that increased capillary recruitment is of a greater importance than an increase in total blood flow to augment (insulin/ contraction-) mediated glucose uptake [30;37;38]. However, in the present study, capillary recruitment was not assessed. Hyperinsulinemia was not associated with a significant increase in vasodilation. The latter is likely to be attributed to the relative short period of insulin infusion, because insulin-induced vasodilation is slow in onset, takes at least 3 hours to obtain its maximal effects and shows a high inter-individual variability [39;40]. We observed an increase in heart rate and systolic blood pressure (not in MAP) during insulin infusion, which is also well-described, although conflicting data consist on this issue [41;42]. Strikingly, we observed a decrease of systolic blood pressure after 10 min of ischemia. This is probably the result of a false low intra-arterial blood pressure in combination with an extreme high blood flow in the brachial artery after hypoxia.

We conclude that ischemia and insulin independently stimulate glucose uptake in human skeletal muscle and that their stimulating effects on glucose uptake are synergistic. In contrast, contraction and ischemia stimulate forearm glucose uptake to a similar extend, so their impact on glucose uptake is not additive. Therefore, these data suggest that ischemia and contraction use similar physiological pathways to stimulate glucose uptake, and these are different from the stimulating effects of insulin. The differential effects on glucose uptake are not clearly related to the concomitant changes in blood flow. It will be of important clinical benefit to further unravel the mechanisms responsible for ischemia, contraction and insulin 
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Figure 1 :

 1 Figure 1: Upper panel: Forearm blood flow. Middle panel: Arterio-venous glucose difference. Lower panel: Forearm glucose uptake, all before and after 10 minutes of ischemia, before and after euglycemic hyperinsulinemic clamp and after the combination of ischemia and hyperinsulinemia (protocol 1). Open square = experimental arm. Closed square = control arm. I = ischemia, Clamp = euglycemic hyperinsulinemic clamp. * indicates P<0.05. Significant levels for other time points not indicated. Please notice that the time schedule is not correct.

Figure 2 :

 2 Figure 2:Upper panel: Forearm blood flow. Middle panel: Arterio-venous glucose difference. Lower panel: Forearm glucose uptake, all before and after 2 times of contraction (10 minutes each), before and after ischemia and after the combination of ischemia and contraction (protocol 2). Open square = experimental arm. Closed square = control arm. I = ischemia, C = contraction. * indicates P<0.05. Significant levels for other time points not indicated. Please notice that the time schedule is not correct.

Table 1 : Effect of ischemia, hyperinsulinemia and the combination of ischemia plus hyperinsulinemia on heart rate, systolic and diastolic BP

 1 Syst means systolic blood pressure (BP), diast means diastolic BP. * P< 0.05 versus baseline, ¶ P< 0.05 versus before insulin, # P< 0.05 versus after 95 min of insulin.

		Baseline	After	Before	After 95 min	After ischemia+
			ischemia	insulin	insulin	insulin
	Heart rate (bpm)	59±5	60±3	58±2	65±2 ¶	68±3
	Syst BP (mm Hg)	121±2	109±3*	123±2	129±1 ¶	113±3#
	Diast BP (mm Hg)	66±2	66±2	67±2	68±2	67±2

Table 2 : Effect of ischemia, contraction and the combination of ischemia plus contraction on heart rate, systolic and diastolic BP

 2 

		Baseline	After	Before	After	Before isch	After isch and
			contraction	ischemia	ischemia	and contr.	contr.
	Heart rate (bpm)	60±2	61±2	60±2	63±2*	63±2	75±5#
	Syst BP (mm Hg)	126±3	127±3	128±4	116±3*	132±4	137±6
	Diast BP (mm Hg)	68±2	69±2	68±2	68±2	71±3	85±3#
	Isch means ischemia, contr means contraction, syst means systolic blood pressure (BP), diast
	means diastolic BP.					
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