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The process of matching skeletal muscle blood flow to metabolism is complex and multi-factorial. In response to exercise, increases in cardiac output, perfusion pressure and local vasodilation facilitate an intensity-dependent increase in muscle blood flow. Concomitantly, sympathetic nerve activity directed to both exercising and non-active muscles increases as a function of exercise intensity. Several studies have reported the presence of tonic sympathetic vasoconstriction in the vasculature of exercising muscle at the onset of exercise that persists through prolonged exercise bouts, though it is blunted in an exercise-intensity dependent manner (functional sympatholysis). The collective evidence has resulted in the current dogma that vasoactive molecules released from skeletal muscle, the vascular endothelium, and possibly red blood cells produce local vasodilation, while sympathetic vasoconstriction restrains vasodilation to direct blood flow to the most metabolically active muscles/fibers. Vascular smooth muscle is assumed to integrate a host of vasoactive signals resulting in a precise matching of muscle blood flow to metabolism. Unfortunately, a critical review of the available literature reveals that published studies have largely focused on bulk blood flow and existing experimental approaches with limited ability to reveal the matching of perfusion with metabolism, particularly between and within muscles. This paper will review our current understanding of the regulation of sympathetic vasoconstriction in contracting skeletal muscle and highlight areas where further investigation is necessary.
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INTRODUCTION
Exercise presents a substantial challenge to the cardiovascular system. In order to sustain exercise, the CV system must satisfy the competing demands of adequately perfusing active skeletal muscle while simultaneously maintaining systemic blood pressure (Joyner and Casey, 2015; Mueller et al., 2017). Cardiac output and limb blood flow increase in proportion to exercise intensity suggesting that muscle blood flow and O2 delivery are matched to metabolic demand (Joyner and Casey, 2015; Mueller et al., 2017). Using radioactive microspheres, Armstrong and Laughlin (1984) demonstrated that blood flow was distributed unequally among muscles of the hindlimb during treadmill running. Moreover, the blood flow pattern was consistent with muscle recruitment patterns and metabolism, suggesting that blood flow was precisely matched to metabolic rate in individual muscles during incremental treadmill exercise.
Skeletal muscle vascular beds possess a profound ability to vasodilate in response to exercise (Andersen and Saltin, 1985). Indeed, vasodilation of a large proportion of muscle mass or maximal vasodilation of a smaller proportion of skeletal muscle (estimated by Andersen and Saltin to be 1/3 of muscle mass in sedentary individuals) may exceed the pumping capacity of the heart to perfuse active muscle and maintain systemic blood pressure (Andersen and Saltin, 1985). Vasoconstriction of inactive tissues helps redistribute blood flow to active skeletal muscle to avoid outstripping cardiac output. This vasoconstriction is a result of an exercise intensity-dependent increase in efferent sympathetic nerve system (SNS) activity (Savard et al., 1987; O’Hagan et al., 1993; DiCarlo et al., 1996; Boulton et al., 2018). There is evidence of tonic vasoconstriction in both inactive tissues and active skeletal muscle during dynamic exercise (Buckwalter et al., 1997; Buckwalter and Clifford, 2001). However, the effectiveness of SNS activity to produce vasoconstriction is blunted in active muscle and declines as a function of exercise-intensity (Buckwalter and Clifford, 2001; Thomas and Segal, 2004). This contraction-mediated inhibition of sympathetic vasoconstriction was termed functional sympatholysis by Remensnyder et al. (1962). While the precise mechanism(s) responsible for sympatholysis have not been fully elucidated, the available evidence suggests that vasoactive molecules released from skeletal muscle, the vascular endothelium, and possibly red blood cells decrease the responsiveness of post-synaptic sympathetic receptors (Figure 1) (Thomas and Segal, 2004; Just et al., 2016; Mueller et al., 2017; DeLorey, 2021). The current dogma, oft repeated over the past several decades, is that functional sympatholysis is responsible for directing blood flow to the most metabolically active muscles/fibers.
[image: Figure 1]FIGURE 1 | Schematic depiction of functional sympatholysis which is postulated to be due to inhibition of sympathetic vasoconstriction of by vasoactive molecules released from skeletal muscle, the vascular endothelium, or red blood cells. Temperature and pH also contribute. This phenomenon is distinct from vasodilation although some of the same substances are thought to be involved in vasodilation and sympatholysis.
Unfortunately, there is limited experimental evidence to demonstrate that such an integrated control system is involved in blood flow to metabolism matching in active muscle. This paper will review our current understanding of the regulation of sympathetic vasoconstriction in resting and contracting skeletal muscle with a particular focus on the role of sympathetic vasoconstriction in perfusion to metabolism matching during exercise. We will also discuss the need for further investigation in this area and emerging technologies that may advance our understanding of metabolism:perfusion matching during exercise.
SYMPATHETIC RESTRAINT OF SKELETAL MUSCLE BLOOD FLOW
Acute exercise evokes an exercise-intensity dependent increase in efferent sympathetic nervous system activity in animals (DiCarlo et al., 1996) and humans (Savard et al., 1987; Savard et al., 1989; Boulton et al., 2018). Although the increase in sympathetic outflow would be expected to elicit vasoconstriction, Donald et al. (1970) reported that hindlimb blood flow was not altered in dogs running on a treadmill following sympathectomy. In contrast, Peterson et al. (1988) reported that acute sympathectomy resulted in higher total hindlimb blood flow in rats during mild-intensity treadmill exercise. Moreover, sympathectomy increased blood flow to knee extensor muscles unequally, with flow increasing from 33 to 79% in individual muscles, indicating that sympathetic vasoconstriction is instrumental to the distribution of muscle blood flow during exercise (Peterson et al., 1988). Using intra-arterial injection of alpha(α)-receptor antagonists, O’Leary et al. (1997) and Buckwalter et al. (1997) reported that acute α1 adrenergic receptor blockade increased hindlimb vascular conductance in dogs at rest and during exercise, indicating the presence of tonic α1 adrenergic receptor mediated restraint of skeletal muscle blood flow. A later study reported that there is also tonic α2-adrenergic receptor mediated vasoconstriction in exercising canine skeletal muscles (Buckwalter and Clifford, 1999). Furthermore, the magnitude of both α1 and α2 adrenergic receptor mediated vasoconstriction declined as a function of exercise intensity (Buckwalter and Clifford, 1999). Buckwalter et al. (2004a); Buckwalter et al. (2004b) also reported that non-adrenergic receptors produce tonic vasoconstriction during exercise. Specifically, injection of purinergic and neuropeptide Y (NPY) Y1 receptor antagonists during exercise increased hindlimb vascular conductance in dogs running on a motorized treadmill, indicating the presence of tonic NPY and purinergic receptor mediated vasoconstriction in exercising skeletal muscle (Buckwalter et al., 2003; Buckwalter et al., 2004a). NPY and purinergic receptor antagonism produced a smaller increase in vascular conductance during exercise compared to rest, indicating that muscle contraction also blunted non-adrenergic receptor mediated vasoconstriction (Buckwalter et al., 2003; Buckwalter et al., 2004a). Subsequently, DeLorey et al. (2006) reported that tonic α-adrenergic receptor mediated vasoconstriction was maintained throughout prolonged exercise. The fact that tonic vasoconstriction declined as exercise intensity increased and that α2 receptor activity was reduced at low intensities, whereas α1 receptor activity was reduced only at a heavy intensity suggests that muscular contraction may blunt sympathetic vasoconstriction in a receptor dependent manner (Buckwalter and Clifford, 2001).
Receptor specific modulation of vasoconstriction during exercise may be related to the distribution of post-synaptic receptors within the vascular tree as receptors positioned on distal branches of the vascular tree would be in closer proximity to the interstitial environment exposing them to larger concentrations of vasoactive molecules that may oppose sympathetic vasoconstriction. Data from the rat cremaster muscle indicate that α2-adrenergic receptors are localized to small, distal secondary and tertiary arterioles, whereas α1-adrenergic receptors are primarily located on larger proximal, arterioles (Faber, 1988; McGillivray-Anderson and Faber, 1990; Ohyanagi et al., 1992; Tateishi and Faber, 1995). However, in the mouse gluteus maximus muscle the functional distribution of α2 receptors was greater in proximal (1A) arterioles, while the functional distribution of α1 receptors was greater in distal (3A) arterioles (Moore et al., 2010). A recent study by Al-Khazraji et al. (2015) in the rat gluteus maximus muscle suggests that α-adrenoreceptors primarily regulate resistance in proximal arterioles (branch order 1A–3A), whereas purinergic and peptidergic receptors constrict more distal arteries (branch orders 4A and 5A). Overall, these data suggest the possibility that adrenergic receptor mediated vasoconstriction may regulate flow between muscles and non-adrenergic receptor mediated vasoconstriction may be important to the distribution of flow within muscles. To our knowledge, no studies have investigated the distribution of post-synaptic receptors in humans. Because the evidence from rodent studies shows that the distribution of receptors varies between skeletal muscles, it is important not to make assumptions about receptor location in human skeletal muscle.
Heinonen et al. (2013) used positron emission tomography (PET) and a single-leg knee-extension exercise model to investigate the distribution of blood flow in the thigh at rest and during exercise. Non-selective pharmacological inhibition of postsynaptic alpha-adrenergic receptors increased conductance in inactive muscles, but had no effect on blood flow to active muscles during exercise, suggesting that tonic vasoconstriction in inactive muscle contributes to the distribution of limb blood flow from inactive to active muscle.
In a separate study, Heinonen et al. (2012) investigated how exercise influences blood flow to a resting limb. During very-light intensity single-leg knee-extension exercise, total blood flow to the contralateral inactive leg did not change from pre-exercise levels. However, at the highest exercise intensity employed, flow within the inactive leg was redistributed between the hamstring and quadriceps muscle groups and flow heterogeneity (calculated as the coefficient of variation in muscle blood flow between regions of muscle imaged) increased. Since muscle sympathetic nerve activity (MSNA) declines in response to mild-intensity single-leg exercise (knee-extension or cycling) (Saito and Mano, 1991; Ray, 1993; Saito et al., 1993; Saito et al., 1997; Ichinose et al., 2008; Katayama et al., 2011) a withdrawal of vasoconstrictor tone may have contributed to the observed redistribution of flow between muscles of the inactive leg.
In summary, the available evidence, while not conclusive, demonstrates the presence of tonic adrenergic and non-adrenergic receptor mediated vasoconstriction in the skeletal muscle vascular bed during exercise. Tonic vasoconstriction is maintained throughout prolonged exercise, however the magnitude of tonic vasoconstriction appears to decline as a function of exercise intensity in a receptor-specific manner. Finally, the limited experimental evidence available demonstrates that tonic vasoconstriction contributes to the distribution of limb blood flow during exercise, with data from rodent studies suggesting an important role in matching blood flow to metabolism, whereas the only study available data in humans reported no effect of non-selective α-adrenergic receptor blockade on blood flow to active muscle.
SYMPATHETIC VASOCONSTRICTOR RESPONSIVENESS AND SYMPATHOLYSIS
Although sympathetic restraint of active skeletal muscle blood flow has been established, it has also been demonstrated that the effectiveness of sympathetic outflow to produce vasoconstriction is attenuated in active compared to resting skeletal muscle (functional sympatholysis) (Remensnyder et al., 1962; Thomas et al., 1994; Ruble et al., 2000; Buckwalter et al., 2001; DeLorey et al., 2002; Rosenmeier et al., 2003). As mentioned previously, the mechanism of sympatholysis is thought to involve the release of a vasoactive molecule from the endothelium, skeletal muscle, or possibly red blood cells that blunts the responsiveness of postsynaptic sympathetic receptors in contracting muscle. Indeed, considerable evidence suggests that the responsiveness of post-synaptic adrenergic receptors declines during exercise (Remensnyder et al., 1962; McGillivray-Anderson and Faber, 1990; Thomas et al., 1994; Ruble et al., 2000; Buckwalter et al., 2001; Ruble et al., 2002; Tschakovsky et al., 2002; Rosenmeier et al., 2003; DeLorey et al., 2012). McGillivray-Anderson and Faber (1990) reported a decline in adrenergic receptor responsiveness during contraction of the rat cremaster muscle, and that α2-adrenergic receptor mediated vasoconstriction was more easily inhibited than α1-receptor mediated constriction. In the rat hindlimb, muscle contraction blunted vasoconstriction to lumbar sympathetic nerve stimulation in glycolytic, but not oxidative skeletal muscle (Thomas et al., 1994). Consistent with the findings of Anderson and Faber, the attenuated vasoconstrictor responsiveness in glycolytic muscle was mediated by reduced responsiveness of α2-adrenergic receptors (Thomas et al., 1994).
In a series of studies in chronically instrumented dogs, Buckwalter et al. (1998); Buckwalter et al. (2001); Buckwalter et al. (2003); Buckwalter et al. (2004a) demonstrated that α-adrenergic, peptidergic and purinergic receptor responsiveness to selective agonists declined during exercise. Buckwalter et al. (2001), demonstrated that the vascular response to intra-arterial infusion of the selective α1-adrenergic receptor agonist, phenylephrine, was only reduced during heavy-intensity exercise, whereas the vascular response to the selective α2-adrenegic receptor agonist, clonidine, was diminished during mild- and heavy-intensity exercise. P2X-receptor responsiveness was attenuated during heavy-intensity exercise, whereas NPY-Y1 receptor responsiveness was blunted across exercise intensities (Buckwalter et al., 2003; Buckwalter et al., 2004a). Ruble et al. (2002) reported that the vasoconstrictor response to tyramine evoked release of the neurotransmitter norepinephrine was attenuated in dogs running on treadmill in an exercise intensity dependent manner. Similarly, Tschakovsky et al. (2002) reported exercise-intensity dependent attenuation of tyramine evoked vasoconstriction during rhythmic handgrip exercise in humans. VanTeeffelen and Segal (2003) reported that vasoconstrictor responsiveness of feed arteries and 1st order arterioles to sympathetic activation was maintained during skeletal muscle contraction, whereas responsiveness of 2nd and 3rd order arterioles was blunted. The blunting of vasoconstriction in distal, but not proximal, vascular segments suggests that local modulation of vasoconstriction may serve to match perfusion to metabolism within contracting muscles.
In humans, Wray et al. (2004) reported that vasoconstrictor responsiveness to the selective α1 adrenergic receptor agonist phenylephrine was maintained during mild intensity knee-extension exercise, but became blunted at heavier exercise intensities, whereas α2 adrenergic receptor responsiveness declined throughout a range of exercise intensities. In contrast, Rosenmeier et al. (2003) reported that α1-adrenergic and α2-adrenergic receptor responsiveness declined by a similar magnitude during handgrip exercise.
Since NE may also bind to beta (β)-adrenergic receptors, it is theoretically possible that NE binding to β-adrenergic receptors may oppose SNS mediated vasoconstriction. However, sympathetic vasoconstrictor responsiveness was not augmented following β-adrenergic receptor blockade in male and female rats, indicating that β-adrenergic receptors do not oppose sympathetic vasoconstriction in contracting skeletal muscle or contribute to functional sympatholysis (Cooper et al., 2019; Cooper et al., 2021).
Collectively, the available data related to changes in receptor responsiveness during exercise suggest that the distribution of post-synaptic receptors between muscles and in different vascular segments combined with muscle recruitment patterns may result in local modulation of vascular resistance that would serve to distribute blood flow between and within muscles and facilitate perfusion to metabolism matching during exercise. However, the definitive study to demonstrate this has not been completed.
The cellular mechanism(s) responsible for a decline in receptor responsiveness during exercise has not been fully elucidated, however the vasoactive molecule nitric oxide (NO) and intravascular adenosine triphosphate (ATP) have been the focus of investigation (Ohyanagi et al., 1992; Thomas and Victor, 1998; Dinenno and Joyner, 2003; Buckwalter et al., 2004c; Rosenmeier et al., 2004; Kirby et al., 2008; Kirby et al., 2011; Jendzjowsky and DeLorey, 2013a; Jendzjowsky and DeLorey, 2013c; Jendzjowsky et al., 2014a; Hearon et al., 2017; Just and DeLorey, 2017). NO is produced by the reaction of L-arginine with O2 catalyzed by the enzyme NO synthase (NOS), which exists in endothelial (eNOS), neuronal (nNOS), and inducible (iNOS) isoforms (Kobzik et al., 1994). Tetrahydrobiopterin (BH4) is an essential cofactor required for NO production by NOS enzymes (Blackwell et al., 2004; Katusic et al., 2009; Forstermann and Sessa, 2012). eNOS and nNOS are constitutively expressed in several tissues, including skeletal muscle and the endothelium (Kobzik et al., 1994; Frandsen et al., 1996; Boulanger et al., 1998; Bachetti et al., 2004). Several studies have reported increased sympathetic vasoconstrictor responsiveness and impaired sympatholysis following non-selective pharmacological blockade of NO production, indicating that NO blunts sympathetic vasoconstriction in contracting muscle (Ohyanagi et al., 1992; Häbler et al., 1997; Thomas and Victor, 1998; Jendzjowsky and DeLorey, 2013c). In contrast to these findings, other studies in humans and canines have reported that NOS blockade did not affect the magnitude of sympatholysis (Dinenno and Joyner, 2003; Buckwalter et al., 2004c). Acute upregulation of NO bioavailability can be accomplished by infusing the essential cofactor BH4. This approach was employed by Jendzjowsky et al. (2014b) who reported reduced sympathetic vasoconstrictor responsiveness during contraction of the rat hindlimb following BH4 administration. A reduced ability to inhibit sympathetic vasoconstriction during muscular contraction has been reported in humans with duchenne muscular dystrophy (Sander et al., 2000) and in genetically modified mice (Thomas et al., 2003) that do not express nNOS. In healthy sedentary rats, NO derived from eNOS and nNOS contributed equally to the inhibition of sympathetic vasoconstriction in contracting muscle (Jendzjowsky and DeLorey, 2013a).
Exercise training has also been used to investigate sympatholysis (Jendzjowsky and DeLorey, 2013b; Jendzjowsky and DeLorey, 2013c; Jendzjowsky et al., 2014a; Mizuno et al., 2014; Mortensen et al., 2014; Just and DeLorey, 2016; Just et al., 2016; Cooper et al., 2021). In rats, exercise training enhanced sympatholysis through an NO dependent mechanism (Jendzjowsky and DeLorey, 2013c; Mizuno et al., 2014). Enhanced NO dependent sympatholysis following exercise training appears to be predominantly mediated by upregulation of nNOS because selective nNOS blockade abolished the enhanced sympatholysis in exercise trained rats and subsequent non-selective NOS blockade did not further reduce sympatholysis (Jendzjowsky et al., 2014a). nNOS enzyme expression was elevated in the hindlimb (predominantly in fast-twitch lateral gastrocnemius muscle) of exercise trained rats, suggesting a causal link between NOS enzyme expression and NO mediated vascular function (Jendzjowsky et al., 2014a). However, studies by Heinonen et al. (2011); Heinonen et al. (2017) indicate that non-selective NOS inhibition does not alter blood flow to active and inactive muscle during mild-intensity, single-leg knee-extension exercise. In contrast, several studies in rodents indicate that NO contributes to the distribution of muscle blood flow during exercise, and is particularly important to the distribution of flow during intense exercise (Hirai et al., 1994; Musch et al., 2001; Copp et al., 2010; Copp et al., 2013).
Given that NOS enzymes are expressed differentially across skeletal muscles (Kobzik et al., 1994; Jendzjowsky et al., 2014a), it seems plausible that local NOS expression and NO-dependent sympatholysis may contribute to perfusion to metabolism matching during exercise in an exercise intensity dependent manner.
Intravascular infusion of exogenous ATP has repeatedly been shown to inhibit sympathetic vasoconstriction (Rosenmeier et al., 2004; Kirby et al., 2008; Kirby et al., 2011; Hearon et al., 2017). Interestingly, combined blockade of the primary pathways through which ATP produces vasodilation (NO, prostaglandins and K+ channels) does not alter the ability of exogenous ATP to blunt α-adrenergic receptor mediated vasoconstriction (Hearon et al., 2017). While intravascular and interstitial levels of ATP both increase in response to exercise (Mortensen et al., 2009; Crecelius et al., 2013; Hearon et al., 2017), it is presently unknown whether endogenously produced ATP can blunt sympathetic vasoconstriction. Because a selective P2Y receptor antagonist does not currently exist, the definitive study in this area is not technically feasible.
EXISTING EVIDENCE THAT SYMPATHETIC VASOCONSTRICTION REDISTRIBUTES BLOOD FLOW
Thomas et al. (1994) reported that vasoconstriction evoked by direct stimulation of the lumbar sympathetic chain in anesthetized rats was inhibited to a greater extent in contracting muscles composed predominantly of glycolytic fibers compared with muscle composed of oxidative fibers. Consistent with the findings of Thomas et al., Horiuchi et al. (2014) reported that sympathoexcitation via a cold-pressor test produced a smaller decrease in muscle oxygenation the gastrocnemius compared with the soleus muscle during mild-intensity plantar flexion exercise, suggesting a greater blunting of sympathetic vasoconstriction in glycolytic, compared with oxidative muscle. Heinonen et al. (2013) used positron emission tomography (PET) to investigate the distribution of blood flow in the thigh at rest and during exercise. Non-selective pharmacological inhibition of postsynaptic α-adrenergic receptors increased conductance in inactive muscles, but had no effect on blood flow to active muscles during exercise resulting in less effective matching of blood flow to metabolism. Collectively, these studies suggest that sympathetic vasoconstriction contributes to the distribution of blood flow between muscles and between muscle and other tissues during exercise.
FUTURE DIRECTIONS
It is apparent from the evidence presented above that, with a few exceptions, all of the studies of functional sympatholysis have studied bulk blood flow through a conduit artery and are incapable of demonstrating whether the observed sympatholysis contributes to matching of perfusion to metabolism within or between muscles. In the paper by Heinonen et al. (2013) femoral artery infusion of norepinephrine at rest decreased blood flow in muscles, bone, and adipose tissue of the human thigh. During exercise the blood flow and vascular conductance responses to norepinephrine infusion were markedly attenuated in the active quadriceps femoris and in bone, with no statistically significant change in the inactive hamstrings. Inhibition of α-adrenergic vasoconstriction with phentolamine had no effect on blood flow in the active quadriceps femoris, but increased blood flow in the inactive hamstrings, bone, and adipose tissue. These findings suggest that sympathetic nerve activity restrains blood flow in the inactive tissues to help maintain blood flow in the active muscle. The conclusion is strengthened by the fact blood flow was measured simultaneously in active and inactive muscles.
Unfortunately, existing studies have made the claim that sympathetic nerve activity aids redistribution of blood flow from inactive to active muscles without any experimental evidence. New approaches are needed to demonstrate that phenomenon. Several new technologies that might be useful include NIRS with indocyanine green (NIRS ICG), contrast enhanced ultrasound (CEU), and diffuse correlational spectroscopy (DCS/NIRS).
NIRS-ICG has been applied to investigation of blood flow in skeletal muscle and the results compare favorably with dye dilution MRI methods during knee extension exercise (Boushel et al., 2000). The technique provides a discrete measurement of blood flow which could be applied during steady-state exercise. If used in combination with injection of tyramine or reflex activation (e.g., cold pressor test) of the sympathetic nervous system, NIRS-ICG may provide insight into the distribution of limb blood flow and the role of sympathetic vasoconstriction in perfusion to metabolism matching during exercise. Drawbacks include the need for arterial injection of the tracer and the relatively small and superficial volume of tissue that is interrogated by the NIRS technique.
Contrast enhanced ultrasound requires infusion of microbubbles which are smaller than red blood cells to allow them to pass through the skeletal muscle microcirculation. As described by Dunford et al. (2018) an ultrasound transducer is positioned above the skeletal muscle of interest and the microbubbles reflect acoustic ultrasound energy during their passage through the muscle. Movement artifact is a concern, so it has so far only been applied in resting studies.
Diffuse correlational spectroscopy (DCS) is an emerging noninvasive technology that has been applied during exercise by several laboratories (Hammer et al., 2018; Tucker et al., 2019; Ichinose et al., 2021). Combining DCS with widely used near infrared spectroscopy (NIRS) allows continuous measurement of blood flow and has been validated against several standards including microspheres (Zhou et al., 2009) and arterial spin labelled MRI (Yu et al., 2007).
An example of how these techniques might be employed would be to apply DCS/NIRS sensors bilaterally to one limb that remains resting and the other limb which performs contractions across a range of exercise intensities. Sympathetic nerve activity could be activated reflexly to both limbs by using lower body negative pressure (LBNP) or cold pressor stimuli. Greater vasoconstriction in inactive skeletal muscle compared to active skeletal muscle would support redistribution of blood flow.
The above example suggests an experimental approach to demonstrate redistribution of blood flow between muscles. Finding a method to study redistribution of blood flow within a muscle to more active fibers is more problematic. The fundamental problem is that microvascular units are not precisely aligned with muscle motor units. Constriction of a terminal arteriole reduces perfusion to all the capillaries supplied by that arteriole which means that perfusion cannot be exclusively directed to active muscle fibers or a single fiber type (Fuglevand and Segal, 1997).
Although not discussed in this focused review, there is ample evidence that aging, sex, obesity and various disease states modulate sympatholysis and impairments in sympatholysis have functional consequences for exercise performance. Further exploration of the effects of sympatholysis in these populations/conditions is warranted.
CONCLUSION
Our current understanding is that the matching of skeletal muscle blood flow to metabolism involves a complex interplay between local vasodilation and sympathetic vasoconstriction that restrains local vasodilation and directs blood flow to active muscles, while also maintaining total peripheral resistance and blood pressure.
The presence of tonic vasoconstriction in inactive tissue and exercising limbs is well established, and some studies have demonstrated that tonic vasoconstriction contributes to the distribution of blood flow within the limb during exercise. Numerous studies in a variety of experimental models have also demonstrated that sympathetic vasoconstriction is blunted in contracting muscle (sympatholysis). While investigators have done outstanding work to characterize the phenomenon of sympatholysis and identify some potential mechanisms involved in the process, direct experimental evidence that sympatholysis is involved in the matching of perfusion to metabolism is lacking.
Despite the sound logic that sympatholysis would facilitate the distribution of blood flow between and within muscles during exercise, currently available technology and experimental approaches make the definitive study to demonstrate that sympatholysis contributes to the matching of perfusion to metabolism infeasible in the dynamically exercising animal or human. Until there is new evidence provided, researchers should refrain from speculating that functional sympatholysis can redirect blood flow to active fibers within a muscle.
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