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Abstract

Niacin is effective in treating dyslipidemias but causes cutaneous vasodilation or flushing, a side 

effect that limits its clinical use. Blocking prostaglandins in humans reduces but does not 

consistently eliminate flushing, indicating additional mechanisms may contribute to flushing. The 

transient receptor potential vanilloid 1 (TRPV1) channel, when activated, causes cutaneous 

vasodilation and undergoes tachyphylaxis similar to that seen with niacin. Using a murine model, 

early phase niacin-induced flushing was examined and TRPV1 channel involvement demonstrated 

using pharmacologic blockade, desensitization, and genetic knockouts (TRPV1 KO). The TRPV1 

antagonist AMG9810 reduced the magnitude of the initial and secondary peaks and the rapidity of 

the vasodilatory response (slope). TRPV1 desensitization by chronic capsaicin reduced the initial 

peak and slope. TRPV1 KO mice had a lower initial peak, secondary peak, and slope compared 

with wild-type mice. Chronic niacin reduced the initial peak, secondary peak, and slope in wild-

type mice but had no effect in knockout mice. Furthermore, chronic niacin diminished the 

response to capsaicin in wild-type mice. Overall, these data demonstrate an important role for 

TRPV1 channels in niacin-induced flushing, both in the acute response and with chronic 

administration. That niacin-induced flushing is a complex cascade of events, which should inform 

pharmacological intervention against this side effect.
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INTRODUCTION

Niacin (nicotinic acid or vitamin B3) has been identified as an effective lipid-modifying 

agent and may be useful in reducing the risk of cardiovascular disease by lowering levels of 

total cholesterol, low-density lipoprotein cholesterol and triglycerides, and increasing high-

density lipoprotein cholesterol.1,2 Despite these benefits, there is limited compliance with 

niacin because of a major side effect, cutaneous vasodilation, also commonly known as 

flushing. Flushing symptoms have been reported in more than 80% of patients, and 

approximately 30% of patients discontinue their use of niacin due to flushing in the first year 

of treatment.3,4 Thus, flushing is one cause of underutilization of niacin.

Niacin is known to interact with the hydroxyl-carboxylic acid (HCA2) receptor (also known 

as the GPR109A receptor). This receptor is expressed in adipocytes where it modulates free 

fatty acid release, contributing to niacin’s effect on lipids. HCA2 is also expressed in the 

Langerhans’ cells and keratinocytes of the skin where it is commonly believed to induce 

flushing because of prostaglandin-mediated D/E-prostanoid receptor activation through 

arachidonic acid release and metabolism.5–8 However, attempts to prevent niacin-induced 

flushing by inhibiting the prostaglandin signaling pathway has produced varying results. 

Although dual inhibition of cyclo-oxygenase pathways (COX-1 and COX-2) abolished 

niacin-induced vasodilation in mice,6 several studies in man who used pharmacological 

blockade of arachidonic acid metabolism or the downstream receptors were not able to fully 

ablate the flushing response.9–11 These findings indicate that mechanisms beyond 

arachidonic acid metabolism may contribute to the flushing response.

Recently, we demonstrated that niacin activates the transient receptor potential channel 

vanilloid subtype 1 (TRPV1) in vitro.12 Similar to niacin-induced flushing, acute TRPV1 

activation causes cutaneous vasodilation in humans.13,14 Furthermore, both repetitive 

TRPV1 activation and repetitive administration of niacin result in tachyphylaxis.4,15 TRPV1 

channel involvement in the vasodilatory response to niacin may explain, at least in part, both 

the acute response persisting despite blockade of the prostaglandin pathway and the 

observed tachyphylaxis. Given these similarities, we hypothesized that a portion of the 

vasodilatory response to acute niacin is mediated by activation of TRPV1 channels, and that 

tachyphylaxis to the vasodilatory effect of chronic niacin is due, in part, to desensitization of 

the TRPV1 channels. To test this hypothesis, we used a murine model of niacin-induced 

vasodilation and measured the acute and chronic response to niacin.

METHODS

All studies were approved by the UC Davis Institutional Animal Care and Use Committee. 

Animals were housed in a climate controlled room with ad libitum food and water and a 

12:12 light:dark cycle.

Mouse Model

Wild-type C57BL/6 mice were obtained from Charles River Laboratories (Wilmington, 

MA). TRPV1–/– (KO) mice were obtained from Jackson Laboratories (Sacramento, CA). All 

mice were adult males (3–6 months of age). For the experiments, mice were anesthetized 
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using pentobarbital (Sigma-Aldrich, St. Louis, MO) at a dose of 60 mg/kg dissolved in 10% 

ethanol given by intraperitoneal (IP) injection. Niacin (Sigma-Aldrich) was administered by 

IP injection at a dose of 30 mg/kg dissolved in 0.9% saline (15 mg/mL). The TRPV1 

antagonist AMG9810 [(E)-3-(4-t-Butylphenyl)-N-(2,3-dihydrobenzo[b][1,4] dioxin-6-

yl)acrylamide] (Sigma-Aldrich) was administered by IP injection at doses of 20 and 40 

mg/kg in PEG400 (20 mg/mL). The TRPV1 agonist capsaicin (Sigma-Aldrich) was 

administered topically at a dose of 0.2 mg in acetone (20 mg/mL).

Laser Doppler Flowmetry

Blood flow measurements were performed using a laser Doppler flow meter (BLF 21; 

Transonic Systems, Inc., Ithaca, NY) as previously described.10 Measurements were done on 

the ventral aspect of the ear with the anesthetized mouse supine on a warming pad (40°C). 

Blood flow was measured in relative tissue perfusion units (TPU) at a sampling rate of one 

measurement per second.

Blood Flow Profile Analysis

The blood flow response profile for acute niacin-induced vasodilation is classically 

described as a biphasic response, characterized by an early phase response that peaks within 

the first 2–3 minutes and a late phase response that peaks between 20 and 30 minutes after 

administration.6,7 For this study, the focus was on the early phase response. At the high 

sampling frequencies used in this study, the early phase exhibited 2 distinct peaks, termed 

the initial peak (occurring in the first minute) and a secondary peak (occurring within 5 

minutes) (Fig. 1). After establishing baseline blood flow values for 3 minutes, niacin was 

administered by IP injection, and the magnitude of these peaks quantified. In addition, the 

rate of increase in blood flow of the first peak was termed the initial slope. Blood flow 

profiles for chronic niacin exposure showed a monophasic response without an initial peak. 

Peak values were analyzed as the percent change from baseline {[(TPUPeak − 

TPUBaseline)/TPUBaseline] ×100%}, and slope values were measured as the rate of change in 

blood flow [(TPUPeak − TPUBaseline)/Δtime].

Acute Niacin Response

The role of TRPV1 channels in the acute response to niacin was assessed using 3 approaches 

(Fig. 2). First, TRPV1 channel activation was blocked using a known antagonist, AMG9810. 

The minimum effective dose to prevent capsaicin-induced hyperemia was previously found 

to be 20 mg/kg through pilot experiments (data not shown). Thus, mice were pretreated with 

AMG9810 (20 or 40 mg/kg) 10 minutes before niacin. The blood flow responses to niacin 

alone, niacin with AMG9810 pretreatment, and niacin with vehicle pretreatment were 

measured (Fig. 2A). Second, TRPV1 channel activity was reduced through repeated topical 

capsaicin application to the ear (3 times daily for 5 days) (Fig. 2B). Acute niacin-induced 

blood flow changes after desensitization were compared with the niacin response before 

desensitization. To verify desensitization, capsaicin-induced hyperemia in the ear was 

measured before and after repeated exposure. Finally, niacin-induced blood flow responses 

for TRPV1 KO mice were compared with that of wild-type mice (Fig. 2C).
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Chronic Niacin Response

Niacin-induced blood flow responses before and after chronic niacin exposure were 

measured in wild-type and TRPV1 KO mice (Fig. 3). Mice received daily niacin injections 

(30 mg/kg) IP for 2 weeks. The niacin response after 2 weeks was then compared with the 

initial response to verify tachyphylaxis. Niacin-induced changes in blood flow after repeated 

exposure were compared between wild-type and knockout mice. Capsaicin-induced 

hyperemia was used as a biologic measure before and after repeated niacin exposure to 

confirm reduced TRPV1 channel activity with niacin tachyphylaxis.

Statistical Analysis

Statistical analysis was performed using SAS (Statistical Analysis System Institute, Inc., 

Cary, NC). Data were first tested for normality using the Shapiro–Wilk test. Multiple means 

comparisons in the pharmacologic blockade experiments were made using one-way ANOVA 

followed by Dunnett’s post hoc analysis with the niacin-only group set as the control. 

Capsaicin repeated exposure (pre and post) comparisons were made using paired Student’s t 
tests. Wild-type and knockout comparisons were made using unpaired Student’s t tests. 

Results were considered statistically significant at P < 0.05. Graphs show means ± SEM.

RESULTS

Acute Niacin-induced Flushing Is Mediated by TRPV1 Channel Activity

The effects of pretreatment with 20 mg/kg and 40 mg/kg AMG9810 were not different from 

each other (data not shown), and therefore data for both doses were combined for this 

condition (AMG9810). Pretreatment with vehicle (PEG400) did not affect the niacin blood 

flow response (Fig. 4A). Pretreatment with AMG9810 effectively eliminated the initial peak 

(Fig. 4A) and significantly reduced the magnitude of the blood flow response at that time 

point from 125 ± 13 to 22 ± 7 % change compared with niacin without pretreatment (P < 

0.05, Fig. 4B). The magnitude of the secondary peak was also significantly reduced 

compared with niacin without pretreatment from 141 ± 22 to 72 ± 9 % change (P < 0.05, 

Fig. 4C). The slope of the initial niacin response was consequently significantly reduced 

after pretreatment with AMG9810 compared with niacin without pretreatment from 266 

± 25 to 84 ± 15 % change per minute (P < 0.05, Fig. 4D).

Repeated capsaicin exposure to desensitize the TRPV1 channels also diminished blood flow 

responses to acute niacin exposure (Fig. 5A). Postcapsaicin responses lacked the initial peak 

(Fig. 5A), and the change in blood flow at that time point was significantly reduced from 

123 ± 24 to 53 ± 13 % change (P < 0.05, Fig. 5B). The secondary peak was also slightly 

lower compared with precapsaicin values, although this was not significant (103 ± 22 vs. 

148 ± 24 % change) (Fig. 5C). The slope of the change in blood flow was significantly 

reduced compared with precapsaicin values (177 ± 27 vs. 276 ± 42 % change per minute) (P 
< 0.05, Fig. 5D). To verify reduced TRPV1 channel sensitivity, capsaicin-induced hyperemia 

was measured before and after repeated exposure. Capsaicin-induced cutaneous vasodilation 

was reduced from 222 ± 38 to 126 ± 19 % change after repeated exposure, demonstrating 

reduced TRPV1 channel activity (P < 0.05, Fig. 6).
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TRPV1 KO mice had a reduced blood flow response to acute niacin exposure compared with 

wild-type mice (Fig. 7A). There was no initial peak evident in the TRPV1 KO mice (Fig. 

7A), and the blood flow at the time point corresponding to the initial peak was significantly 

lower compared with wild-type mice (43 ± 10 vs. 124 ± 15 % change) (P < 0.05, Fig. 7B). 

The secondary peak was also significantly reduced (80 ± 14 vs. 127 ± 12 % change) (P < 

0.05, Fig. 7C), and the slope of the rate of change in blood flow was also significantly lower 

(103 ± 25 vs. 241 ± 28 % change per minute) (P < 0.05, Fig. 7D) in TRPV1 KO mice 

compared with wild-type mice.

Chronic Niacin Response

After 2 weeks of once daily niacin exposure, wild-type mice demonstrated a significant 

reduction in their blood flow response to niacin (ie, tachyphylaxis), whereas TRPV1 KO 

mice did not display any significant reduction in blood flow response with the same daily 

niacin exposure (Fig. 8A). In both wild-type and TRPV1 KO mice, the initial peak was 

absent after chronic niacin exposure (Fig. 8A), and the change in blood flow at this time 

point was significantly reduced in wild-type mice but not in the TRPV1 KO mice (20 ± 6 

from 124 ± 15 vs. 23 ± 10 from 43 ± 10 % change, P < 0.05, Fig. 8B). The secondary peak 

was also significantly reduced in wild-type mice but not in TRPV1 KO mice (61 ± 12 from 

127 ± 12 vs. 64 ± 17 from 80 ± 14 % change) (P < 0.05, Fig. 8C). The initial rate of change 

in blood flow was significantly lower after chronic niacin in wild-type mice but not in 

TRPV1 KO mice (34 ± 10 from 241 ± 28 vs. 43 ± 17 from 103 ± 25 % change per minute) 

(Fig. 8D). To assess if TRPV1 channel sensitivity was reduced after chronic niacin exposure 

in wild-type mice, capsaicin-induced hyperemia was measured before and after repeated 

exposure. Capsaicin-induced hyperemia was significantly lower after repeated niacin 

exposure (186 ± 31 to 106 ± 16 % change, P < 0.05), indicating reduced TRPV1 channel 

activity with niacin tachyphylaxis (Fig. 9).

DISCUSSION

These experiments demonstrate that TRPV1 channels are likely involved in niacin-induced 

flushing and support the hypothesis that TRPV1 channels mediate the acute niacin response 

and tachyphylaxis with chronic use. Specifically, TRPV1 channels are responsible for the 

initial peak in the early phase flushing response (seen after the first minute) and contribute to 

the rapid rate of the onset of flushing. TRPV1 channels also mediate the magnitude of the 

secondary peak during early phase flushing (seen after the second minute). These effects 

were consistently observed in each of the 3 methods used to inhibit TRPV1 channel activity.

These data also support the hypothesis that reduced sensitivity of the TRPV1 channels is 

involved in niacin tachyphylaxis. Indeed, tachyphylaxis is observed for niacin-induced 

flushing but not for its antidyslipidemic effects, separating the 2 events as distinguishable 

pharmacologic effects. Chronic niacin exposure resulted in abolition of the initial peak and 

reductions in the slope and secondary peak, effects similar to those seen in the acute 

experiments when TRPV1 channels were inhibited. A reduction in sensitivity to capsaicin, a 

known TRPV1 channel agonist, was seen concurrently with a reduced blood flow response 

to niacin, further supporting a reduction in TRPV1 activity. Thus, TRPV1 channel activation 
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contributes significantly to the early biphasic response to acute niacin administration and 

niacin tachyphylaxis is explained, at least in part, by TRPV1 channel desensitization.

Before these findings, niacin-induced flushing has largely been attributed to vasodilatory 

products of arachidonic acid metabolism, namely prostaglandins PGD2 and PGE2 through 

(COX) activity. Experiments by Hanson et al6,7 have demonstrated that the early phase 

flushing response is COX-1-dependent and the result of activation of Langerhans cell-based 

HCA2 receptors, whereas the late phase flushing response is COX-2–dependent and driven 

by activation of the HCA2 receptors expressed on keratinocytes. By using selective COX-1 

and COX-2 inhibitors in a murine model, this group was able to block the early and late 

phase flushing responses, respectively, as well as abolish the entire response by 

coadministration of both inhibitors.6 Similarly, blocking the prostaglandin D2 receptor 

(DP1) using a selective antagonist, laropiprant, and using DP1 genetic knockout mice also 

reduced the flushing response to niacin,11,16 while complete abolition of the flushing 

response in mice required suprapharmacologic dose of aspirin (400 mg/kg).16 In contrast, 

other studies have found that reducing prostaglandin formation by blocking COX-1 activity 

with aspirin and COX-2 activity with celecoxib only partially reduced the incidence, 

severity, and duration of flushing symptoms.9,10

In addition to COX, arachidonic acid can also be metabolized by lipoxygenase and 

cytochrome P450 epoxygenase (CP450) to produce leukotrienes and epoxyeicosatrienoic 

acids, respectively. Our previous study demonstrated that pharmacologic inhibition of 

soluble epoxide hydrolase in the CP450 pathway inhibited niacin-induced vasodilation, 

potentially due to stabilization of epoxyeicosatrienoic acids levels, suppression of COX and 

lipoxygenase activity, and reduction of the production of prostaglandins such as PGE2.10,17 

Although these findings support the role of prostaglandin production in niacin-induced 

flushing, blockade of this pathway, as with COX-1 blockade, was able to reduce but not 

eliminate flushing, indicating the possibility of additional mechanisms.

A promising candidate for this non-prostaglandin–based mechanism is the TRPV1 channel. 

TRPV1 is a member of the TRP cation channel superfamily. These nonselective cation 

channels respond to a wide range of stimuli. There are many known activators of TRPV1, 

including capsaicin, heat (>43°C), low pH, and many other endogenous agonists, including 

prostaglandins.18 Activation of this channel often results in pain and hyperemia or 

inflammation. TRPV1 channels are expressed in several different cell types, including 

sensory neurons, keratinocytes, and fibroblasts.18,19 The presence of this channel in the 

nociceptive neurons innervating the skin, as well as the keratinocytes themselves, make it 

ideally located for involvement in niacin-induced cutaneous vasodilation. In addition to its 

location, the similarity of the physiological response of activated TRPV1 channels (eg, 

hyperemia) to that of niacin-induced flushing also make it an appealing candidate. 

Furthermore, both repetitive TRPV1 activation and repetitive administration of niacin result 

in tachyphylaxis.4,20 These observations suggest potentially overlapping pathways in not 

only the acute but also the chronic response to niacin.

The potential for niacin to activate TRPV1 channels has been previously explored using an 

in vitro model and genetic knockouts.12 We demonstrated that niacin directly activated 
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TRPV1 channels from the intracellular side, lowering the channel’s heat threshold, and 

increasing the open probability at physiological temperatures. This mechanism to activate 

TRPV1 channels at normal body temperature and cause pain and hyperemia has been 

demonstrated with other proinflammatory substances.18 Our earlier work in this area also 

demonstrated attenuation of the niacin-induced flushing response in TRPV1 KO mice for 1 

hour after injection.12 These experiments provided strong evidence for the importance of 

TRPV1 channels in flushing. However, in contrast to this study, the sampling frequency was 

not high enough to discern the effects of this channel on the initial and secondary peaks 

during early phase flushing, and the administered dose far exceeded physiologic or 

pharmacologic concentrations. Nonetheless, the ability of niacin to lower threshold 

temperature and activate TRPV1 channels in vitro and the lack of flushing in TRPV1 KO 

mice in vivo indicated the need to further explore the role of this channel in niacin-induced 

flushing.

In contrast to previous studies using this murine model for niacin-induced cutaneous 

vasodilation,10,16 the higher laser Doppler sampling frequency (1 point per second) in this 

study allowed more precise characterization of the vascular response to niacin and revealed 

the presence of 2 distinct peaks within the early phase response.10,12,16 Although previous 

studies demonstrating 2 phases attributed the early phase to COX-1 and the late phase to 

COX-2,6,7 the greater resolution of this study showed a third response, namely an initial 

peak within the early phase, likely because of activation of TRPV1 channels.

Based on the current data, as well as prior in vitro work, we propose that a portion of the 

early flushing response, especially after ingestion of immediate release niacin, is due to 

opening of TRPV1 channels, followed by release of prostaglandins and activation of the 

DP1 receptor. This model may explain the reduced flushing response to slow release niacin, 

above and beyond the delay in absorption.

Limitations

Although these findings provide valuable insight into an additional mechanism that 

contributes to the niacin side effect of flushing, the applications of these findings in humans 

are unknown. Although the current murine model is an accepted animal model for studying 

niacin-induced cutaneous vasodilation and appears to reflect the response in humans,16 the 

transferability of these current findings to humans is yet to be examined. Thus, additional 

study is needed to determine if the role of TRPV1 channels in niacin-induced vasodilation is 

similar in humans or if TRPV1 inhibitors can be developed as a viable and tolerated therapy.
18 Also, although these experiments have shown that TRPV1 channels are involved in the 

initial phase of flushing, these effects may be either parallel to, or a consequence of, 

prostaglandin production rather than a direct effect of TRPV1 activation by niacin. 

Specifically, previous studies have demonstrated that high doses of aspirin can completely 

block vasodilation in this model,16 as can dual inhibition of both COX-1 and COX-2 using 

selective inhibitors,6 and prostaglandins have been shown to lower the temperature threshold 

for the TRPV1 channel.18 Thus, the interplay between TRPV1 channels and prostaglandin-

based signaling during the flushing response is unknown. Also, although in vitro data have 

demonstrated the effect of niacin on TRPV1 channels,12 and it has been previously 
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established that TRPV1 channels are expressed in cell types that are commonly associated 

with the flushing response,6–8,18 the cell types and TRPV1 locations involved in this model 

of vasodilation were not explicitly examined in these experiments. Finally, the clinical value 

of niacin-based research has recently been called into question after publication of the 

findings of the HPS2-THRIVE and AIM-HIGH investigations.21,22 These large-scale 

clinical studies evaluated the addition of niacin to statin therapy alone. Although cholesterol 

and lipid profiles were improved with the inclusion of niacin, there was no significant 

difference in vascular event outcomes and a potential signal for harm in the HPS2-THRIVE 

study. Thus, although the future of niacin is uncertain due to these reports, it is currently 

FDA approved for prevention of recurrent myocardial infarction, slowing progression of 

atherosclerosis, and preventing pancreatitis. Given these indications and its likely use in 

patients not responsive to, or intolerant of, statin therapy, there is still a need for more 

complete understanding of its side effects, including flushing.

CONCLUSIONS

Using multiple methods of TRPV1 channel inhibition, these findings demonstrate that 

TRPV1 channels contribute, in part, to the acute flushing response to niacin and to 

tachyphylaxis after repeated exposure to niacin. Translation of these findings to humans may 

provide a method to ameliorate the often disabling side effect of flushing, which limits the 

clinical use of niacin.
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FIGURE 1. 
Schematic representation of blood flow profile analysis of the “early phase” of niacin-

induced vasodilation. After establishing baseline blood flow, niacin was administered by IP 

injection. During early phase flushing, there was an initial rapid increase in blood flow 

(slope) that peaked briefly (initial peak), followed by another, more prolonged peak 

(secondary peak).
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FIGURE 2. 
Schematic representation of the acute response niacin study. A, The role of TRPV1 channels 

in niacin-induced cutaneous vasodilation was assessed using the TRPV1 antagonist 

AMG9810 given 10 minutes before niacin. B, The role of TRPV1 channels in niacin-

induced cutaneous vasodilation was assessed using capsaicin-induced desensitization of the 

TRPV1 channels. C, The role of TRPV1 channels in niacin-induced cutaneous vasodilation 

was assessed by comparing the response of TRPV1 KO mice to wild-type mice.
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FIGURE 3. 
Schematic representation of the chronic niacin study design. Blood flow responses to both 

capsaicin and niacin were measured in wild-type and TRPV1 KO mice before and after 

repeated niacin exposure.
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FIGURE 4. 
A, Mean blood flow responses to acute niacin. Niacin-only produced 2 distinct blood flow 

peaks (blue, n = 7). These were not changed by pretreatment with the vehicle (red, n = 6). 

Pretreatment with the TRPV1 antagonist AMG9810 (purple, n = 11) eliminated the initial 

peak, reduced the magnitude of the secondary peak, and reduced the slope. B, Blood flow at 

the initial peak. There was no statistical difference between niacin-only (125 ± 13 % change) 

and niacin after pretreatment with the vehicle (116 ± 16 % change). Pretreatment with 

AMG9810 significantly reduced the blood flow response at the time point of the initial peak 

to 22 ± 7 % change compared with niacin-only (*P < 0.05). C, Blood flow at the secondary 

peak. There was no statistical difference between niacin (141 ± 22 % change) and 

pretreatment with the vehicle (138 ± 21 % change). Pretreatment with AMG9810 reduced 

the secondary peak (72 ± 9 % change) (*P < 0.05). D, Slope of the initial change in blood 

flow. Niacin-only and pretreatment with vehicle were not significantly different (266 ± 25 

and 261 ± 9 % change per minute). Pretreatment with AMG9810 reduced the slope of the 

response to 84 ± 15 % change per minute (*P < 0.05).

Clifton et al. Page 13

J Cardiovasc Pharmacol. Author manuscript; available in PMC 2018 February 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 5. 
A, Mean blood flow responses to acute niacin. Before repeated capsaicin exposure (blue, n = 

9), niacin produced 2 peaks in blood flow. After repeated capsaicin exposure (orange, n = 9), 

there was only a secondary peak, which was lower compared with precapsaicin. B, Blood 

flow at the initial peak. Post-capsaicin responses lacked the initial peak and the change in 

blood flow at that time point was significantly reduced from 123 ± 24 to 53 ± 13 % change 

(*P < 0.05). C, Blood flow at the secondary peak. The secondary peak postcapsaicin was not 

significantly different compared with precapsaicin values (148 ± 24 to 103 ± 22 % change, P 
= 0.098). D, Slope of the initial change in blood flow. The postcapsaicin rate of change in 

blood flow was significantly reduced to 177 ± 27 from 276 ± 42 % change per minute (*P < 

0.05).
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FIGURE 6. 
Peak blood flow responses to topical capsaicin before and after repeated capsaicin exposure. 

Percent change in blood flow decreased from 222 ± 38 % change precapsaicin to 126 

± 19 % change postcapsaicin (P < 0.05).
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FIGURE 7. 
A, Mean blood flow responses to acute niacin. TRPV1 KO mice (green, n = 9) did not show 

an initial peak and overall had lower blood flow responses compared with wild-type mice 

(blue, n = 9). B, Blood flow at the initial peak. Compared with wild-type, TRPV1 KO mice 

had lower blood flow at the time point corresponding to the initial peak (42 ± 10 vs. 124 

± 15 % change) (P < 0.05). C, Blood flow at the secondary peak. TRPV1 KO mice had a 

secondary peak that was significantly less than wild-type mice (80 ± 14 vs. 127 ± 12 % 

change) (P < 0.05). D, Slope of the initial change in blood flow. TRPV1 KO mice had a 

significantly lower rate of change in blood flow compared with wild-type mice (103 ± 25 vs. 

241 ± 28 % change per minute) (P < 0.05).
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FIGURE 8. 
A, Mean blood flow responses before and after chronic niacin. After 2 weeks of repeated 

exposure to niacin, wild-type mice demonstrated significant tachyphylaxis (dark blue, n = 9 

vs. light blue, n = 7), whereas TRPV1 KO mice showed only a slight reduction in blood flow 

responses (dark green, n = 9 vs. light green, n = 4). Both wild-type and TRPV1 KO mice 

lack the initial peak after chronic niacin exposure. B, Blood flow at the initial peak. At this 

time point, there was a reduction in blood flow from 124 ± 15 to 20 ± 6 % change in wild-

type mice (P < 0.05) and a reduction from 43 ± 10 to 23 ± 10 % change in TRPV1 KO mice 

(P = 0.13). C, Blood flow at the secondary peak. Wild-type mice had a reduction from 127 

± 12 to 61 ± 12 % change in the secondary peak (P < 0.05), and TRPV1 KO mice had a 

reduction from 80 ± 14 to 64 ± 17 % change (P = 0.26). D, Slope of the initial change in 

blood flow. The rate of the initial rate of change in blood flow was lower postchronic niacin 

in wild types (34 ± 10 from 241 ± 28 % change per minute) (P < 0.05) and was lower in 

TRPV1 KO mice (43 ± 17 from 103 ± 25 % change per minute) (P = 0.08).
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FIGURE 9. 
Peak blood flow responses to topical capsaicin before and after repeated niacin exposure. In 

wild-type mice, the peak change in blood flow was significantly lower after 2 weeks of 

chronic niacin (106 ± 16 % change) compared with preniacin (186 ± 31 % change per 

minute) (P < 0.05).
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