
Prostaglandins and nicotinate-provoked 
increase in cutaneous blood flow 

The mechanism of topically applied methyl nicotinateinduced local cutaneous erythema was studied in 
normal human subjects. Aqueous methyl nicotinate (0, 0.1, 1.0, 10.0, and 100 nunol/L) was applied to 
the volar forearms in quadruplicate after oral pretreatments with 25 mg doxepin hydrochloride, 600 mg 
ibuprofen, 50 mg indomethacin, 975 mg aspirin, and lactose placebo. The cutaneous vascular response 
was monitored by laser Doppler velocimetry. Although doxepin did not affect the cutaneous vascular 
response to methyl nicotinate, indomethacin, ibuprofen, and aspirin significantly suppressed the response. 
Because indomethacin, ibuprofen, and aspirin have different chemical structures, the common property 
of inhibition of the response to methyl nicotinate may be assigned to their common pharmacologic action, 
i.e., inhibition of prostaglandin bioformation. (CL1N PHARMACOL THER 38:273-277, 1985.) 
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Systemic administration of nicotinic acid leads to a 
generalized cutaneous erythema (flush) mediated at 
least in part by prostaglandin biosynthesis.' Topical 
applications of nicotinic acid and its esters provoke a 
local cutaneous erythema.' Because prostaglandins are 
involved in the cutaneous vasodilation provoked by sys- 
temic nicotinic acid, we undertook to examine further 
the mechanism of nicotinate-provoked, local cutaneous 
vasodilation. Methyl nicotinate was selected because it 

is readily soluble in water and penetrates rapidly' 
through the interstitial channels, bypassing the keratin- 
ized cells.' 

METHODS 
Our subjects were 19 clinically normal human sub- 

jects (seven men, 12 women) aged 21 to 33 years. All 
subjects abstained from prescription and over-the- 
counter drugs both 10 days before and throughout the 
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study. Patches of coarse porosity, quantitative, ashless 
grade filter paper (1.23 cm2) saturated with 0.0, 0.1, 
1.0, 10.0, and 100.0 mmol/L aqueous methyl nicotin- 
ate were applied to the volar forearm. Each concentra- 
tion was tested in quadruplicate with randomization of 
order and location of individual patches. Patches were 
sequentially applied for 5 minutes, removed for 5 min- 
utes, and then the laser Doppler velocimeter probe was 
applied for 5 minutes. Preliminary studies* disclosed 
that the maximal reaction occurred after 5 minutes. 
Challenges were performed with subjects in the sitting 
position after oral pretreatment with 25 mg doxepin 
HC1, 600 mg ibuprofen, 50 mg indomethacin, 975 mg 
aspirin, and lactose placebo. All subjects were given 
two capsules before each challenge; one capsule was 
taken 4 hours before and the other capsule 1 hour before 
each test. Doxepin or placebo were given 4 hours and 
ibuprofen, indomethacin, aspirin, or placebo were 
given 1 hour before topical methyl nicotinate testing. 
Each of the pretreatment studies was performed on each 
subject at a minimum interval of 10 days. All oral 
pretreatments were given in a randomized, double-blind 
manner in opaque gelatin capsules. During the first half 
of the study, the unpleasant sedative effect associated 
with doxepin precluded adequate blinding. The data 
were then analyzed independent of the investigators 
directly conducting the study, and doxepin pretreatment 
was found to have negligible effects. Thus no more 

*Wilkin JK, Fortner G: Unpublished observations, 1983. 
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Table I. Adjusted cutaneous perfusion index (in millivolts) 

Data are X -± SE. 

doxepin pretreatments were given during the rest of the 
study. 

Vascular response to methyl nicotinate after phar- 
macologic pretreatment was assessed by laser Doppler 
velocimetry3" (Model LD 5000; MedPacific Inc.). 
The low-power (5 mW) helium-neon laser source emits 
light at 632.8 nm, which is delivered to the skin by 
flexible graded index fiberoptic light guides. A portion 
of the incident light strikes nonmoving structures and 
is reflected with no shift in frequency. The portion that 
strikes moving erythrocytes is reflected with a shift in 
frequency (Doppler broadening). The reflected light is 
conducted from the tissue surface through a second 
fiberoptic light guide, mixed (heterodyned), and ana- 
lyzed in real time by an analog processor that provides 
a continuous output of the instantaneous mean Doppler 
frequency in the photocurrent identified by a square- 
law detector. The electrical analog of this output (in 
millivolts) is displayed digitally and on a chart recorder. 
While not a quantification of skin blood perfusion as 

volume/weight of tissue per unit time, laser Doppler 
velocimetry does produce data known to be related to 
fundamental skin perfusion characteristics, i.e., volume 
and flow rate,' referred to here as the cutaneous per- 
fusion index. 

Each of the five pretreatments in each of the 19 sub- 
jects were at five methyl nicotinate levels: 0.0, 0.1, 
1.0, 10.0, and 100.0 mmol/L. Because subjects dif- 
fered significantly in baseline responses to water (0.0 
mmol/L), each subject's response to water was sub- 
tracted from the response to nonzero levels of methyl 
nicotinate. Except for comments on pretreatment effects 
on unstimulated cutaneous blood flow, all subsequent 
results are adjusted values, i.e., flow rate at a specified 
methyl nicotinate level minus flow rate at 0.0 mmol/L 
methyl nicotinate. 

The methyl nicotinate level was treated as a covari- 

ate. To linearize the relationship of flow to methyl nico- 
tinate level, logarithms to the base 10 were taken of the 
methyl nicotinate levels multiplied by 100. Analyses of 
each subject's results confirmed that this transformation 
gave a linear response, indicating that for most subjects 
the range of methyl nicotinate levels was appropriately 
scaled. 

Global analyses of the data were performed with the 
general linear model (GLM) of the Statistical Analysis 
System (SAS) package.' This enabled us to treat 
subjects as a random effect in the model and to test 
for different slopes of flow (adjusted) vs. log(100 x 
methyl nicotinate level) for different pretreatments, 
even though the design was unbalanced in that eight 
subjects did not receive doxepin. Because of problems 
of estimation in contrasts involving doxepin, the results 
that follow are taken either from a global analysis treat- 
ing levels of methyl nicotinate as a categoric variable 
or from separate analyses at each level. 

RESULTS 
In a preliminary analysis of raw data at the control 

level (0.0 mmol/L), the mean flow for placebo was 
83.6 mV. The three prostaglandin synthetase inhibitors 
gave mean values of 73.5, 73.5, and 60.6 mV for 
ibuprofen, indomethacin, and aspirin, respectively. 
Only results with aspirin differ significantly from those 
with placebo. 

Results presented in Table I and Fig. I are mean 
adjusted flow. Over all levels the mean adjusted flow 
was not significantly different for placebo and doxepin 
or for ibuprofen and indomethacin. All other differences 
are significant at the 5% level, allowing for repeated 
tests of significance. Over the separate levels of methyl 
nicotinate, there is a gradual trend from no significant 
differences at the 0.1 mmol/L level to two significantly 
different but statistically overlapping groups of pre- 

Methyl nicotinate levels (mmollL) 

Pretreatments 0./ /.0 10.0 100.0 All levels 

Placebo 20.0 7.2 108.0 ± 17.6 232.8 ± 19.2 251.6 ± 18.4 152.0 ± 20.0 
Doxepin 16.4 ± 10.0 135.2 ± 24.4 225.2 26.4 226.0 ± 25.6 156.0 26.4 
Ibuprofen 6.8 7.2 38.4 -± 17.6 87.6 ± 19.2 118.8 -± 18.4 64.0 ± 20.0 
Inclomethacin 6.4 ± 7.2 54.0 ± 17.6 64.4 19.2 63.2 18.4 48.0 20.0 
Aspirin 5.2 ± 7.2 12.8 -± 17.6 19.2 19.2 17.2 18.4 12.0 ± 20.0 

Mean square error 
(analysis) 24.56 149.76 172.88 162.16 190.4 
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treatments at the 1.0 mmol/L level: for placebo and 
doxepin and for ibuprofen, indomethacin, and aspirin. 
At the 10.0 mmol/L level these two groups do not 
overlap and are quite distinct. The results at the 100.0 
mmol/L level are similar to the overall results for all 

levels combined. At 100.0 mmol/L, placebo and dox- 
epin are not significantly different. However, a signif- 
icant difference now exists among the three prosta- 
glandin inhibitors, with aspirin having a significantly 
greater effect than either ibuprofen or indomethacin. 
Thus aspirin is clearly the most effective inhibitor, with 

ibuprofen and indomethacin being next effective in sup- 
pressing the vascular response. We found no significant 
differences between placebo and doxepin, results we 
do not think to be due to the reduced number of subjects 
taking doxepin. Although no attempt was made to quan- 
tify the erythema in response to topical methyl nicotin- 
ate, erythema was barely perceptible at low concentra- 
tions, especially after ibuprofen, indomethacin, and as- 

pirin, and was most intense at high concentrations, 
especially after doxepin and placebo. 

DISCUSSION 
Several aspects of our study deserve special com- 

ment. First, not only are the effects of methyl nicotinate 
on the cutaneous vasculature dose related as assessed 
by laser Doppler velocimetry, but also the doses of 
methyl nicotinate used were in the linear portion of the 

dose-response curve. This is compatible with the con- 
clusions drawn from our unpublished pilot studies that 
these four doses represent the linear portion of the curve 
relating dose of methyl nicotinate to laser Doppler ve- 

locimetric response. Studies in the linear portion of the 

dose-response curve are important in detecting phar- 
macologic effects of antagonists. Second, the use of 
adjusted data is desirable because it imposes more con- 
servative interpretation of the data. Since pretreatment 
with prostaglandin synthetase inhibitors was followed 
by less unstimulated cutaneous blood flow (significant 
only for aspirin), raw data will include this effect. It is 

more rigorous to look for a pretreatment effect after 
subtracting out the effect on baseline cutaneous blood 
flow. 

We have shown that indomethacin, ibuprofen, and 
aspirin significantly suppressed the cutaneous vascular 
response to methyl nicotinate. Because these three 
drugs have different chemical structures, the common 
property of inhibition of the response to methyl nico- 
tinate may be assigned to their common pharmacologic 
action, i.e., inhibition of prostaglandin bioformation. 
Since the systemic cutaneous vascular response to nico- 
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Fig. 1. Cutaneous vascular response to different concentra- 

tions of topically applied methyl nicotinate after oral pre- 

treatment with placebo, indomethacin, ibuprofen, aspirin 

(n = 19 for all), and doxepin (n = 11). 

tinic acid and the local cutaneous vascular responses to 

the methyl ester of nicotinic acid are suppressed by 
inhibitors of prostaglandin biosynthesis, the effect of 
the nicotinate moiety on vascular smooth muscle may 

be mediated by vasodilator prostaglandins. 
In contrast, doxepin pretreatment did not affect the 

measured cutaneous vascular response despite a dosage 
schedule at which its antihistaminic activity in the cu- 
taneous vasculature is derrinstrable.' Also, doxepin is 

an antagonist at both H,- and H2-histamine receptors.' 
Thus histamine does not play a major role in methyl 
nicotinateprovoked local cutaneous erythema. 

Because nicotinic acid and its esters (methyl, ethyl, 
butyl, hexyl, octyl, tetrahydrofurfuryl, and xanthinol) 
all provoke vasodilation,''' it is reasonable to ascribe 
this pharmacologic activity to the common chemical 
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structure, the nicotinate moiety. Thus results of previous 
pharmacologic studies on the effects of nicotinic acid 
and its esters should be compatible with the present 
study and provide further support for our hypothesis. 
These data will be adduced according to category. 

There are four categories of pharmacologic evidence 
supporting the role for a mediator, in this case, pros- 
taglandins mediating nicotinate-provoked vasodilation. 
First, the mediator must be synthesized or stored in a 
manner such that it can act on the responding tissue. 
Not only are vasodilator prostaglandins, including pros- 
tacyclin, produced in blood vessels," but in addition 
prostaglandin biosynthesis occurs in the skin.'0"2 Sec- 
ond, the mediator must be liberated (released from stor- 
age or immediately synthesized) in response to the phar- 
macologic agent. In fact, nicotinic acid stimulates pros- 
taglandin synthesis in the isolated rabbit heart' I and in 
rat platelets.' Third, there must be identity of action, 
i.e. , either the mediator itself or a stable analog of the 
mediator must reproduce the effect of the pharmaco- 
logic agent. The topical application of 16-vinylprosta- 
glandins leads to a similar erythema, restricted to the 
area of application and not associated with pain, swell- 
ing, or itching.' The systemic administration of a va- 
riety of prostaglandins leads to flushing indistinguish- 
able from that provoked by nicotinic acid."'" The 
fourth category is the documentation of specific antag- 
onism. 

We have previously shown that aspirin blocks nico- 
tinic acidinduced flush.' Aspirin also inhibits the vas- 
cular response to topically applied tetrahydrofurfuryl 
nicotinate.3° Furthermore, indomethacin inhibits nico- 
tinic acidinduced flush in man.' However, indometh- 
acin may be a vasoconstrictor as well as an inhibitor 
of prostaglandin biosynthesis.' Thus other prostaglan- 
din synthetase inhibitors should also be studied to dis- 
criminate between these two activities. In our study all 
three chemically dissimilar prostaglandin biosynthesis 
inhibitors antagonized the nicotinate-provoked vascular 
response. 

Moreover, doxepin, which has potent antihistaminic 
effects, did not affect the nicotinate vascular response. 
In previous studies neither the iontophoresis of tripelen- 
namine HCI, an antihistamine, nor the injection of com- 
pound 48:80, a mast cell histamine depleting agent, 
led to inhibition of the erythema provoked by tetrahy- 
drofurfuryl nicotinate.'4'3° Furthermore, should hista- 
mine and other mast cell products be involved, one 
would expect itching and a burning, painful sensation, 
which do not occur after nicotinates. 

The significance of the hypothesis that nicotinate- 
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provoked vasodilation is mediated by prostaglandins 
includes both basic and clinical aspects. It is important 
to note that the effect of nicotinates on the blood vessels 
need not be direct. This could explain the "conduction 
mechanism" proposed after observing vasodilation in 
the hamster cheek pouch extending beyond the im- 
mediate vasculature in contact with droplets of nicotin- 
ate esters.' Similarly, although others infer that it is 
nicotinate that is rapidly transported radially in the der- 
mis,7 it could be prostaglandins. Certainly, the end point 
of erythema is insufficient to distinguish between these 
two possibilities. In fact, since flushing occurs only 
while the nicotinate concentration in blood is rising and 
disappears when a constant level of nicotinic acid is 
maintained,' the stimulus for prostaglandin biofor- 
mation may be the rate of increase, and not simply the 
absolute level, of nicotinate. This relationship would 
invalidate conclusions regarding dermopharmacokinet- 
ics,'" which assume first-order kinetics and a direct 
relationship between vascular effect and nicotinate pres- 
ence. Finally, the use of such topical and systemic 
agents to provoke prostaglandin biosynthesis and va- 
sodilation will be an additional pharmacologic tool in 
the study of cutaneous and systemic vascular mecha- 
nisms and reactivity. Vasodilator prostaglandins may be 
important in the maintenance of baseline cutaneous 
blood flow, since we found that unstimulated flow was 
lower after pretreatment with prostaglandin synthetase 
inhibitors (significant only after aspirin pretreatment). 

The clinical significance of this hypothesis will re- 
quire further work. Indeed, several directions can be 
suggested. Topical nicotinate challenge leads to an 
"atypical" or blanch reaction in atopy,1417 psoriasis, 
rheumatoid arthritis, and dyshidrotic eczema" and 
"nonreactivity" in scleroderma and diabetes mellitus.'" 
The diminished reactivity of patients with diabetes 
might be related to impairment of the vessel wall's 
ability to manufacture prostacyclin, since this defect 
has recently been shown in patients with diabetes and 
vasculopathy." The nicotinate reaction must be reeval- 
uated in these various disorders, with an active search 
for the role of prostaglandin biosynthesis. 

In conclusion, previous studies have shown that pros- 
taglandin bioformation occurs in skin and blood vessels; 
that nicotinates provoke vasodilation; that nicotinates 
provoke prostaglandin biosynthesis in vitro; and that 
prostaglandins and stabile prostaglandin analogs pro- 
voke a qualitatively identical vascular response to that 
provoked by nicotinates. We have shown that specific 
antagonism of prostaglandin biosynthesis inhibits nico- 
tinate-provoked vasodilation in human skin. Thus the 
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nicotinate-provoked vasodilator response is mediated, 
at least in part, by prostaglandin biosynthesis. 

References 
Albery WJ, Hadgraft J: Percutaneous absorption in vivo 
experiments. J Pharm Pharmacol 31:140-147, 1979. 
Birnbaum JE, Chan PS, Cervoni P: Cutaneous erythema 
and blood pressure lowering effects of topically ap- 
plied 16-vinylprostaglandins. Prostaglandins 23:185- 
199, 1982. 
Bonner RF, Chen TR, Bowen PD, Bowman RL: Laser- 
Doppler continuous real time monitor of pulsatile and 
mean blood flow in tissue microcirculation. In Chen SH, 
Chu B, Nossal R, editors: Scattering techniques applied 
to supramolecular and non-equilibrium systems. New 
York, 1981, Plenum, Publishing Co, pp 685-702. 
Carlsson I, Wennmalm A: Effect of different prosta- 
glandin synthesis inhibitors on postocclusive blood flow 
in human forearm. Prostaglandins 26:241-252, 1983. 
Davis E, Rozov H: The effects of xanthinol nicotinate 
on the small vessels. Bib! Anat 11:334-339, 1973. 
Fulton GP, Farber EM, Moreci AP: The mechanism of 
action of rubefacients. J Invest Dermatol 33:317-325, 
1959. 
Guy RH, Maibach HI: Rapid radial transport of methyl 
nicotinate in the dennis. Arch Dermatol Res 273:91-95, 
1982. 
Holloway GA, Watkins DW: Laser Doppler measurement 
of cutaneous blood flow. J Invest Dermatol 69:306-309, 
1977. 
Johnson M, Harrison HE, Raftery AT, Elder JB: Vascular 
prostacyclin may be reduced in diabetes in man. Lancet 
1:325-326, 1979. 
Johnsson C-E, Anggard E: Biosynthesis and metabolism 
of prostaglandin E2 in human skin. Scand J Clin Lab 
Invest 29:289-296, 1972. 
Kaijser L, Wennmalm A: Nicotinic acid stimulates pros- 
taglandin biosynthesis in the rabbit heart without releas- 
ing noradrenaline. Acta Physiol Scand 102:246-247, 
1978. 
Lord JT, Ziboh VA, Poitier J, Legget G, Penneys NS: 

The effects of photosensitizers and ultraviolet irradiation 
on the biosynthesis and metabolism of prostaglandins. 
Br J Dermatol 95:397-406, 1976. 
Moncada S. Vane JR: The role of prostacyclin in vascular 
tissue. Fed Proc 38:66-71, 1979. 
Murrell TW Jr, Taylor WM: The cutaneous reaction to 
nicotinic acid (niacin)-furfuryl. AMA Arch Dermatol 79: 
545-550, 1959. 
Ray AA, editor: SAS User's Guide: Statistics. Cary, NC, 
1982, SAS Institute Inc. 

Cutaneous blood flow 277 

Richelson E: Antimuscarinic and other receptor-blocking 
properties of antidepressants. Mayo Clin Proc 58:40-46, 
1983. 
Rovensky J, Preis A: The significance of the Trafuril test, 
with special reference to atopy and rheumatic fever. Ann 
Paediat 193:289-303, 1959. 
Silberbauer K, Schernthauer G, Sinzinger H, Piza-Katzer 
H, Winter M: Decreased vascular prostacyclin in juve- 
nile-onset diabetes. N Engl J Med 300:366-376, 1979. 
Stern MD, Lappe DL, Bowen PD, Chimosky JE, Hol- 
loway GA, Keiser HR, Bowman RL: Continuous mea- 
surement of tissue blood flow by laser Doppler spec- 
troscopy. Am J Physiol 232:H441-H448, 1977. 
Stoughton RB, Clendenning WE, Kruse D: Percutaneous 
absorption of nicotinic acid and derivatives. J Invest Der- 
matol 35:337-341, 1960. 
Sullivan Ti: Pharmacologic modulation of the whealing 
response to histamine in human skin: Identification of 
doxepin as a potent in vivo inhibitor. J Allergy Clin 
Immunol 69:260-267, 1982. 
Svedmyr N, Harthon L, Lundholm L: The relationship 
between the plasma concentration of free nicotinic acid 
and some of its pharmacologic effects in man. CLIN 

PHARMACOL THER 10:559-570, 1969. 
Svedmyr N, Heggelund A, Aberg G: Influence of in- 
domethacin on flush induced by nicotinic acid in man. 
Acta Pharmacol Toxicol 41:397-400, 1977. 
Tur E, Guy RH, Tur M, Maibach HI: Noninvasive as- 
sessment of local nicotinate pharmacodynamics by pho- 
toplethysmography. J Invest Dermatol 80:499-503, 1983. 
Tur E, Guy RH, Tur M, Maibach HI: Basal perfusion of 
the cutaneous microcirculation: Measurements as a func- 
tion of anatomic position. J Invest Dermatol 81:442-446, 
1983. 
Vincent JE, Zijlstra FJ: Nicotinic acid inhibits throm- 
boxane synthesis in platelets. Prostaglandins 15:629-636, 
1978. 
Wilkin JK: Flushing reactions: Consequences and mech- 
anisms. Ann Intern Med 95:468-476, 1981. 
Wilkin JK: Flushing reactions. In Rook AJ, Maibach H, 
editors: Recent advances in dermatology. vol 6, New 
York, 1982, Churchill-Livingstone, vol 6, chap 8, pp 
157-187. 
Wilkin JK, Wilkin 0, Kapp R, Donachie R, Chernosky 
ME, Buckner J: Aspirin blocks nicotinic acid-induced 
flushing. CLIN PHARMACOL THER 31:478-482, 1982. 
Winkelmann RK, Wilhelmi CM, Horner FA: Experi- 
mental studies on dermographism. Arch Dermatol 92: 
436-442, 1965. 


