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Methyl Nicotinate-Induced Vasodilation in Generalized Social
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Elevated vasodilatory response (blushing) to social situations is characteristic of social phobia (SP). A relatively unexplored basis for this
phenomenon is alteration in underlying vasodilatory mechanisms. To investigate this possibility, we evaluated the vasodilatory response
induced by methyl nicotinate (niacin ester derivative) in 31 generalized SP patients and 4| matched healthy volunteers (HV). A patch
impregnated with 0, 0.1, 0.5, I, and 10 mM methyl nicotinate was applied to the forearm or face of subjects for | min, followed by 20-min
laser Doppler spectroscopy blood flow monitoring. Blood flow stimulation with | and 10 mM methyl nicotinate was significantly reduced
in SP patients by 35 and 17%, respectively. Induced blood flow was negatively correlated with patients’ Leibowitz Social Phobia Scale
(LSAS) at | and 10 mm doses. Furthermore, the maximal rate of change of vasodilatory reaction was correlated with symptom scores at |
and 10 mm doses. Induced increases in the arm and face blood flow measurements correlated, supporting the extemnal validity of the
former location. Generalized SP patients vasodilate less to topical methyl nicotinate challenges, with effect amplification in severely ill
patients. Although the mechanism for this is unclear, we propose desensitization of the prostaglandin-mediated vasodilating system as an

explanation.
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INTRODUCTION

Social phobia (SP) has received more attention in the
psychiatric literature recently, partly due to the high
prevalence of this condition (13.3% of the noninstitutiona-
lized civilian American population) indicated in the latest
National Comorbidity Study (Kessler et al, 1994). The
comorbidity of this condition with other mood and anxiety
disorders, its early age of onset, and chronic course make it
a major contributor to psychiatric illness (Weissmann et al,
1996). Despite illness severity, the condition is often mis/
undiagnosed by physicians, often resulting in self-medica-
tion, substance abuse, frequent use of medical services,
inappropriate treatments, social isolation, as well as
educational and occupational impairment (Ballenger, 2000).

The diagnosis of SP is made according to the Diagnostic
and Statistical Manual 4th Edition (DSM IV; American
Psychiatric Association, 1994) based on marked and
persistent fear of one or more social or performance
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situations, in which the person is exposed to unfamiliar
people or possible scrutiny by others. The individual feels
that they will act in a way (or show anxiety symptoms) that
will be humiliating or embarrassing. Exposures to the feared
social situation almost invariably provoke anxiety, which
may take the form of a situational-bound or situational-
predisposed panic attack.

Perhaps most characteristic of this situational anxiety is
the observation of blushing, which is a well-known
(Ballenger, 2000; Fahlen, 1996; Endelmann, 1991), but also
a poorly understood and inadequately studied, phenomen-
on (Gerlach et al, 2001; Bouwer and Stein, 1998; Stein and
Bouwer, 1997; Steurer et al, 1997; Leary et al, 1992;
Endelmann, 1991; Shearn et al, 1990). Furthermore, little
is known about the fear of blushing and its effect on the
blushing response (Gerlach et al, 2001; Mulkens and Bogels,
1999; Endelmann, 1991) or the physiology of blushing itself.
Nevertheless, the severity of patient fears of blushing has
resulted in the development of rather severe and invasive
techniques for treatment of the disorder. One example is
endoscopic transthoracic sympathicotomy (ETS), which is a
surgical treatment designed to interrupt the sympathetic
nerve pathways that mediate emotional facial blushing
(Drott et al, 1998; Telaranta, 1998).

While it is often believed that blushing is one of the
independent core features of SP, it has been suggested that
‘the subjective fear of blushing’ is in fact creating the



blushing response (eg Bogels et al, 1997). This model, first
elucidated by Marks and Gelder (1966) and later by
Scholing and Emmelkamp (1999), described a sequence of
events beginning with maladaptive cognitive processes (ie
anticipatory fear of symptoms, specifically blushing) that
produce distress and ultimately lead to an exacerbation of
the symptoms deemed not to be under the voluntary control
of the individual. This inaccurate cognitive model is further
supported by Endelmann (1991) and Shearn et al (1990),
who showed that the perception of blushing is initiated by
the recognition of a rise in facial temperature and not by the
preceding changes in blood flow or volume, which are
barely detected by the individual. This perception of
changes, as noted by Marks and Gelder (1966), may be
what leads to the maladaptive cognitive processes (ie
anticipatory fear of symptoms, specifically blushing) that
produce the distress and ultimately lead to an exacerbation
of the symptoms.

An opposing explanation, that the physiological mechan-
ism of blushing is altered per se in SP, comes from a recent
study using specific biological challenges that induce
vasodilation. Bouwer and Stein (1998), using a similar
method as that developed for patients with schizophrenia
(Glen and Ward, 1999), reported that 100mg of oral
(niacin) nicotinic acid resulted in an increased flushing
response in SP compared to healthy volunteers (HV).
However, Gerlach et al (2001) did not detect increased
blushing induced by social stress in SP, although the
perception of blushing was increased.

Given the lack of consensus on blushing in SP as well as
the contrasting findings in the literature, a method to
operationalize the flushing response is imperative. In order
to meet this challenge, this study examined the response of
generalized SP patients to a topical challenge of methyl
nicotinate using a laser Doppler flow meter monitor in
order to assess the flushing response in generalized SP
patients vs HV numerically. An ester of nicotinic acid is
used in this experiment, namely methyl nicotinate, due to
the latter’s better ability to penetrate the skin (Glen and
Ward, 1999). In addition, the methodology used is
particularly suitable for human use, given that common
confounding variables such as nicotine (cigarette) and
caffeine (coffee, tea) use have no effect upon nicotinic acid
response when used chronically (Turenne et al, 2001).

METHODS

Subjects

A total of 31 generalized SP patients and 41 (HV) were
recruited via advertisement at the Centre for Addiction and
Mental Health (Table 1). Participant eligibility was deter-
mined using a structured clinical interview (SCID) as per
DSM-IV criteria, with diagnosis confirmation via a standard
psychiatric consultation for the SP patients. Patients were
diagnosed with generalized SP if they reported anxiety or
distress judged by the interviewer to be at least moderate in
a minimum of three situations listed in the Anxiety
Disorders Interview Schedule IV (ADIS-IV; Di Nardo et al,
1994) and if at least three different situational domains (eg
formal speaking and interaction, informal speaking and
interaction, observation of behavior, and assertive interac-
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Table | Subject details

Group N Age Sex BP (mmHg) LSAS
Healthy volunteers 41 3242  20M/21F 126/70 —
Social phobia 31 36+2  I3M/ISF 121/70 62+5

Age and LSAS are shown as mean + SEM. BP: blood pressure; LSAS: Liebowitz
Social Anxiety Scale. The ratio of males to females did not differ significantly
between HV and SP groups (y*-test; P>0.05), nor did age or blood pressure (t-
test; P>0.05).

tion) were represented in this list of situations. For those
subjects who completed it (21 of 31 patients), the Liebowitz
Social Anxiety Scale (LSAS; Heimberg et al, 1999) was used
as a measure of severity of SP symptoms. All SP patients
voluntarily participated prior to the initiation of clinical
treatment. All subjects were considered competent to
consent and provided written informed consent after a full
explanation of the research protocol. Testing lasted
approximately 2h and participants received nominal
compensation for their time and travel expenses (as
required by ethical protocol consideration). Exclusion
criteria included: comorbidity with other Axis I diagnoses
within 6 months prior to study enrollment, treatment by
any traditional or alternative pharmacotherapy, coexisting
major medical illness, allergic reactions to aspirin or
analgesics, hypotension, hypertension/high cholesterol trea-
ted with (oral dose) nicotinic acid or niacin, and
inflammatory or chronic pain conditions, including those
treated with regular use of nonsteroidal anti-inflammatory
drugs (NSAIDs).

Procedure

After eligibility was established and prior to application of
each methyl nicotinate patch, a 5-mm diameter circle of
relatively hairless, unblemished skin was masked off with
hypoallergenic medical tape. This area was located on either
the subjects’ inner forearm or face (centre of cheekbo-
ne—below the outside corner of the eye). Initially, a 5-min
baseline laser Doppler measurement was taken. Subse-
quently, the niacin patch was applied over the same skin
area on the forearm (0, 0.1, 0.5, 1, or 10 mm) or face (1 mm
only) for 1 min and removed. This was followed by a 20-min
period during which blood flow was measured continu-
ously. All 31 SP patients and all 41 HV received all methyl
nicotinate doses in a fixed order fashion (lowest-highest
dose) each on the same skin location. There was no dose-
compounding effect of methyl nicotinate from one dose
application to the next within this 20-min interpatch
interval. In those subjects in which both face and arm
blood flows were measured, the 1-mm dose applied to the
arm was run simultaneous to that on the face. A total of 11
SP patients and 11 HV subjects received the methyl
nicotinate patch on both the face and the forearm.
Vasodilation was induced using the methyl ester deriva-
tive of niacin (methyl nicotinate) in patch (percutaneous)
formulations of 0, 0.1, 0.5, 1, or 10 mum drug. The doses were
attained from a standard 1 M methyl nicotinate stock
solution that is then diluted with water to the desired doses.
Vasodilation was measured by using a Moor Instruments
moorLAB laser Doppler spectroscope adjusted to measure
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changes in cutaneous blood flow. Laser Doppler flowmetry
takes real-time measurements of local tissue blood flow by
reflecting light off a moving object, such as a red blood cell.
Each measurement is assigned an arbitrary unit (Flux) that
is a parameter based on the summed intensity of reflections
recorded by the instrument (Moor Instruments Limited,
1998). Flux was sampled 40 times per second and
transferred to a personal computer for analysis.

Curve Fitting

Blood flow (flux) data were averaged into 30-s bins and
analyzed using nonlinear curve fitting (Prism, Graphpad
software). The flux at any time t (F(t)) is fitted to a curve
with parameters F(0), the baseline flux, AF, the maximal
plateau change in flux (ie change in blood flow), u, the
maximal rate of change, and L, the lag time between
application of the test patch and occurrence of vasodilation
(see model Figure 1). Runs that did not produce a
significant reaction (this being defined as at least one block
of five consecutive 30-s time periods being significantly
(Student’s t-test; P<0.05) above baseline blood flow) were
assigned a AF value of zero; the u and L parameters could
not be calculated in these circumstances.

Statistical Analysis

Fitted parameters were compared between HV and SP
groups at each dose using the nonparametric Mann-
Whitney U-test, since some of the parameters did not meet
the Shapiro-Wilk test for normality. Linear regressional
analysis was performed by computing the Spearman
correlation coefficient when symptom-rating scales were
involved, and the Pearson correlation coefficient in other
cases. To eliminate the potential of gender and age as
confounds, the analysis included a comparison of fitted
parameters between sexes with fitted parameter correlation
to the age of SP and HV groups.

RESULTS

Baseline blood flow did not differ significantly (Mann-
Whitney U; P> 0.05) between SP and HV groups at any dose
(Table 2). As the dose of methyl nicotinate was increased,
the proportion of patients producing a significant elevation

in blood flow also increased, although this proportion did
not differ significantly between SP and HV groups (Table 2).
The distribution of maximal change in blood flow (AF)
values was found to differ significantly from normality at the
1 and 10 mm methyl nicotinate doses in both SP and HV
groups (Shapiro-Wilk; P<0.05), necessitating the use of
nonparametric statistics for subsequent analyses. Median AF
values were significantly (Mann-Whitney U-test; P<0.05)
decreased in the SP compared to HV group at both the 1 and
10mm doses by 35 and 17%, respectively (Table 2).

In runs in which significant blood flow increases were
detected, the maximal rate of change (1) and lag time
between drug application and blood flow commencing (L)
were also calculated (Table 2). Neither was found to differ
significantly between the SP and HV groups (Mann-
Whitney U; P>0.05). None of the calculated parameters
differed significantly between male and female subjects
(Mann-Whitney U; P>0.05), with the exception of a
significantly (P=0.046) higher u parameter in female SP
subjects for the 10- mm dose of methyl nicotinate only. Age
did not significantly (P> 0.05) correlate with any parameter,
except for u at the 10-mm dose in the SP group (Pearson’s
correlation coefficient = —0.39; P =0.029).

150

1004

AF

wn
[«
1

Flux
(arbritary units)

; F(0)
0 5 10 15 20 25 30
L Time (min)

Figure | Modeling of blood flow data. Following a 5-min baseline blood
flow measurement using laser Doppler flowmetry, methyl nicotinate (1 mm)
was applied to the forearm of a healthy volunteer at time =5min. The
patch was removed | min later and blood flow measurements were
resumed. Data points are flux values averaged over 30 min. Data were then
fitted to an equation using nonlinear curve fitting to give baseline flow
(F(0)), maximal plateau phase increase in blood flow (AF), the lag time
between patch application and the start of vasodilation (L), and the
maximal rate of change in blood flow (y, the gradient of the dashed line), as
illustrated.

Table 2 Vasodilatory changes induced by methyl nicotinate applied to the forearm of healthy volunteers and patients with social phobia

Healthy volunteers Social phobia
Dose (mM) Vasodilate (%) Baseline AF u# (AFimin) L (min) Vasodilate (%) Baseline AF u (AFimin) L (min)
0 0 12+ 10 0+0 — — 0 12+ 13 0+0 — —
0.1 18 12+ 11 6+2 545 8+5 6 [T+ 10 0+2 442 541
0.5 55 12+38 32+70 22 +28 3+2 45 13+13 17 £+ 41 24 + 27 442
1.0 92 13+ 11 83 +58 24 + 26 2+3 87 10+6 54 4+ 657 27 +29 3+3
10.0 100 12+9 123 + 48 28 + 30 I +2 100 12+ 11 102 + 44° 29 +27 I +2

Methyl nicotinate or saline was applied to the forearms of 41 health volunteers and 31 patients with social phobia. The percentage of patients who react to the drug
(vasodilate) are shown along with baseline blood flow in arbitrary flux units. The maximal plateau change in blood flow (AF), maximal rate of change (u), and the time
between drug application and the start of the reaction (L) are median + interquartile range. Note that ¢ and L are only calculated in those cases in which a significant

reaction to the drug is observed.
4P <0.05 vs healthy volunteers by Mann—Whitney U-test.
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Figure 2 Relationship between LSAS and methyl nicotinate-induced
vasodilation. Methyl nicotinate (| mm) was applied to the forearms of 21
patients with SP. Maximal change in blood flow (AF) is shown plotted
against LSAS scores. The best-fit line is shown along with the Spearman
correlation coefficient.

In a subgroup of SP subjects (n=21), an assessment was
undertaken to examine the relationship between the LSAS
score and the nature of vasodilation. AF was significantly
negatively correlated with the LSAS score at the 1 and 10 mm
methyl nicotinate dose (Spearman correlation coefficients
were —0.56 and —0.50, respectively; P<0.05) (Figure 2), as
was /1 at the same doses (Spearman correlation coefficients
were —0.58 and —0.50, respectively).

Finally, the vasodilatory effect of 1 mm methyl nicotinate
on the arm was simultaneously compared to that on the face
in a subgroup of 11 SP patients. Although baseline blood
flow was considerably higher on the face (median=58.3)
than the arm (median =15.4), both AF and u parameters
were highly correlated between the two application points
(Pearson’s correlation coefficients were 0.79 and 0.80,
respectively) (Figure 3).

DISCUSSION

The major finding of our study was that of a significant
difference in the vasodilatory response to topical methyl
nicotinate in SP compared to HV patients. This was not
noted at all doses of methyl nicotinate, which may be due to
a relatively low number of subjects showing any significant
reaction at the low doses in both SP and control groups.

The inverse correlation between the vasodilatory response
and the LSAS scores suggests that the greater the severity of
patients’ condition, the less likely they are to vasodilate.
While our finding that decreased vasodilation is most
pronounced in the most severely ill patients appears
counterintuitive, this may be accounted for by the nature
of disease progression.

One may account for this initially confusing finding by
noting that assessment of our subjects’ vasodilatory
response took place in their adulthood, but that SP itself
begins in childhood. In a group of 63 participants, Fahlen
(1996) found the median age of onset for SP was 14.5 years
with 95% of patients studied, indicating a sharp increase in
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Figure 3 Relationship between arm and facial vasodilation induced by
methyl nicotinate. Methyl nicotinate (1 mm) was applied simultaneously to
the forearm or face of | | patients with SP. Maximal change in blood flow
(AF) at each application site is shown plotted against the other. The best-fit
line is shown along with the Pearson correlation coefficient.

insecurity with social contacts after the age of 10 years.
Perhaps then there is a downregulation in the intensity of
the vasodilatory response in SP after chronic exposure to
blushing/vasodilation. If correct, this suggests that early-
stage SP patients may blush more than chronic cases, a
possibility that could explain the lack of consensus in the
literature as to whether socially phobic patients are more
likely to blush (eg Marks and Gelder, 1966; Bogels et al,
1997; Scholing and Emmelkamp, 1999; Shearn et al, 1990;
Endelmann, 1991; Gerlach et al, 2001 vs Bouwer and Stein,
1998). Alternatively, reduced vasodilatory response to
niacin may be an intrinsic feature of persons who develop
more severe SP symptoms. While this again may seem
counterintuitive, the possibility should be considered that
the heightened perception of blushing, rather than in-
creased blushing magnitude per se, reported by some
investigators, may relate to the patient having a normally
low vasodilatory response to certain physiological stimuli.
Against a lowered background vasodilatory theater, patients
may have a relatively larger perceived blush response when
in socially stressful situations than that in healthy controls.
It would be of interest therefore to examine flushing
stimulated by other stimuli in social phobics, such as heat
and transient skin ischemia, to determine if they mirror the
blunted response observed using niacin. Lastly, though
unlikely, it is possible that methyl nicotinate-induced
changes in blood flow may be altogether unrelated to the
underlying pathophysiology of SP, as the drug’s effects may
be mediated by as yet unknown and unrelated mechanisms.

Since we collected vasodilatory data from patients’ arms,
it could therefore be argued that the vasodilatory reaction in
the arm is not equivalent to an area in which blushing is
normally observed, namely the face. We have partially
addressed this potential problem by demonstrating a high
degree of correlation between the vasodilatory responses of
the face and arm (see Figure 3), suggesting that data
obtained using the arm can be generalized to the face. This
is of importance given that it is simpler to obtain data,
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especially when using multiple doses of methyl nicotinate,
from the arm than the face.

Our data showing decreased vasodilation (flushing) in the
SP relative to the HV groups are in direct contrast to earlier
findings of increased flushing in SP patients in response to
oral nicotinic acid administration (Bouwer and Stein, 1998).
Indeed, since SP patients exhibit flushing as a prominent
symptom of disease presentation, one may have expected
them to exhibit increased vasodilation in response to a
stimulus. Although possible, it is unlikely that this
difference is accounted for by differences in stimulus
delivery, since both topical and oral nicotinic acid/methyl
nicotinate administration reliably provokes flushing in
healthy subjects as evidenced by this and Bouwer and
Stein’s work. Furthermore, the rather unpleasant nature of
oral vs topical nicotinic acid administration (eg uncomfor-
table feelings of heat, hearing and feeling blood flow, feeling
faint due to induced hypotension) may have overstimulated
endogenous blushing mechanisms that are more related to
tolerance for aversive experiences and less to directly
related SP mechanisms. Further attempts to reconcile the
two studies require consideration of the mechanism of the
flushing response and possible differences between SP
patients and controls in that mechanism.

The mechanism underlying decreased topical methyl
nicotinate response in SP is presently unclear. However, it
has now been well established that both methyl nicotinate
and nicotinic acid-induced flushing response is the result of
increased prostaglandin synthesis in skin cells, suggested to
be macrophages or adipocytes, which then act upon
capillary epithelial cells to cause vasodilation (Wilkin et al,
1982, 1985; Morrow et al, 1989; Turenne et al, 2001).
Interestingly, healthy subjects develop tolerance to the
nicotinic acid-induced flushing response (Stern et al, 1991).
This appears to be due to diminished prostaglandin D,
synthesis, which has been implicated as the main prosta-
glandin subtype responsible for nicotinic acid-induced
vasodilation (Morrow et al, 1989). Thus, a likely explanation
for our findings of decreased methyl nicotinate-induced
flushing in the SP population is downregulation of the
prostaglandin synthetic pathway. One can conceive that a
population exposed to repeated bouts of flushing via
repeated activation of a biosynthetic pathway (PG synthesis
pathway) would, over time, downregulate that pathway’s
activity. The details of how such downregulation may come
about in the SP population or in HV remain to be
elucidated. Furthermore, it is uncertain how niacin
mediates the release of PGs and where in the biosynthetic
pathway of PGs this downregulation of synthesis takes place
(eg at the level of the phospholipid, its release from
membrane via phospholipase A2 activity, cyclic adenosine
monophosphate turnover, G-protein activity, etc). Alterna-
tively, altered niacin response in SP may reside in a
desensitization of the PG target, the capillary epithelial cells
themselves. Tupler et al’s (1997) work also suggested
phospholipid involvement in SP pathology using magnetic
resonance spectroscopy studies, although a precise frame-
work of the biochemical linkage involving prostaglandins as
specific culprits was not suggested.

Interestingly, decreased methyl nicotinate response has
also been observed in schizophrenia (Glen and Ward, 1999),
although the magnitude of the reduction is much greater in
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schizophrenia than in SP. Nevertheless, the presumed
involvement of phospholipid-associated signaling systems
in methyl nicotinate desensitization in schizophrenia, as
well as the novel treatment approaches currently being
tested to treat schizophrenia (Rybakowski and Weterle,
1991; Hudson et al, 1997; Fenton et al, 2000) suggest that
similar strategies may be useful in SP.

Although PG synthesis downregulation or capillary
desensitization in SP patients seems the most likely
mechanisms accounting for the results presented here, the
hypothesis goes beyond the data presented. Future work in
the biochemistry of SP should include measurement of
plasma PG levels in SP vs HV, as well as other agents that
may be involved, including tryptophan and serotonin
turnover.

As a final note, it should be noted that the conclusions
drawn apply to the generalized subtype of SP. Others have
found differences in physiological arousal as measured by
heart rate during behavioral tests between generalized and
nongeneralized SP (Heimberg et al, 1990; Levin et al, 1993;
Hofmann et al, 1997; Boone et al, 1999). It is possible that
such differences in responsiveness extend to the flushing
response between SP subtypes.

CONCLUSION

Thus, our data, in contrast to those of Bouwer and Stein
(1998), show that SP patients appear to exhibit a reduction
in vasodilatory response to topically applied methyl
nicotinate (on the arm) in comparison to HV. PG synthesis
downregulation seems to be the most likely explanation for
this reduced response in SP patients. Further studies are
warranted to understand the underlying biochemical
mechanism, for example measurement of nicotinic acid-
induced release of prostaglandins and other eicosanoids in
SP. In addition, the apparent correlation of methyl
nicotinate-induced vasodilatation with symptom severity
in SP suggests that further studies are warranted that should
investigate whether nicotinate challenge is predictive of
outcome or is useful as a method of assessing treatment
modalities.
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