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Abstract

Background Vasovagal syncope is a common cause of syncope which, if recurrent, can have multiple negative consequences
such as injury and occupational disability. Various medications can be used to decrease the recurrence of vasovagal syncope
but there are no drugs that can be used by patients to interrupt a perceived vasovagal episode.

Methods A phase I study was performed to evaluate the tolerability and safety of a gel formulation containing capsaicin
(1 mg), phenylephrine HCL (PE) and caffeine citrate (200 mg) (CPC) in normal adult volunteers. Secondary objectives
were to characterize the pharmacokinetics (PK) of the CPC formulation and the highest dose of PE needed to achieve a
target increase in systolic BP of at least 40 mmHg. After receiving the first dose, a second dose of the CPC mixture was
administered at 2 h. Suboptimal changes in systolic blood pressure (SBP) were noted at PE doses of 0.6, 1.2, and 1.8 mg,
therefore a second cohort was studied at PE doses of 10, 20, and 30 mg. Blood samples were collected in rapid sequence
and were assayed for all three drugs.

Results A total of 17 subjects received the drug with no serious adverse effects reported. All doses were well tolerated,
although the capsaicin content usually caused expected temporary oral and gastric discomfort. One subject did not complete
the study because of a vasovagal reaction that was associated with the frequent blood sampling. There was a 5-25 min lag
in the appearance of measurable blood concentrations of capsaicin and phenylephrine. Most subjects had baseline caffeine
concentrations from dietary use, with a gradual increase noted after 15 min consistent with GI absorption. Although the
intended criterion of a 40 mmHg increase in SBP was not reached, a clinically significant increase in BP for at least 15 min
was noted in the six subjects who received the highest dose of PE (30 mg), with a gradual decline over the next 2 h.
Conclusion The ternary mixture of capsaicin, phenylephrine, and caffeine was well tolerated when administered as two
sublingual/oral doses over a 2-h period.
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1 Introduction

Syncope is defined as transient loss of consciousness associ-
ated with an inability to maintain postural tone with rapid
and spontaneous recovery [1]. The presumed cause is cer-
ebral hypoperfusion. Vasovagal syncope (VVS) is the most
common type of syncope affecting up to 42% of women and
32% of men by the age of 60 years [2, 3]. It usually occurs
after prolonged standing or exposure to emotional stress or
pain, and is associated with features such as diaphoresis,
warmth, nausea, and pallor. While the outcome in patients
with VVS is usually benign, the 1-year recurrence rate is
25-35%, risking significant impairment in quality of life,
including injuries and loss of employment [4].

Several drugs are indicated in the treatment of VVS,
however to our knowledge there is no available treatment
of an impending syncopal attack. The primary objective of
this study was to characterize the tolerability and safety of
a formulation of capsaicin, phenylephrine (PE) and caffeine
(CPC) in normal adult volunteers. Secondary objectives
were to characterize the pharmacokinetics (PK) of the CPC
formulation and the highest dose of PE needed to achieve
a target increase in systolic BP of at least 40 mmHg when
combined with capsaicin and caffeine within 15 min of drug
administration in five of six subjects.

2 Methods

This was an open-label, phase I, dose escalation, PK study of
anovel gel formulation of capsaicin, PE, and caffeine admin-
istered sublingually to normal, healthy adults. The proto-
col was approved by the University of Wisconsin-Madison
Human Subjects Committee, and the investigational product
was provided an investigational new drug (IND) exemption
by the US FDA (140732).

2.1 Subjects

Healthy, non-smoking adult subjects aged 18-50 years were
recruited through postings in the medical center complex.
Subjects were contacted by the study coordinators for an
initial screening for eligibility. Eligibility screening occurred
after obtaining written informed consent. During the in-per-
son screening visit a physical examination, 12-lead ECG,
blood samples for blood chemistries, CBC with differential
and platelet count, and a urine sample for drug and preg-
nancy testing were obtained. Women able to bear children
were required to practice at least two forms of contracep-
tion during and for 7 days after the treatment day and were
required to have a negative pregnancy test on the morning
of treatment. Subjects were also required to refrain from
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taking any of the components of the investigational product
in their diet for 12 h before and 24 h after the study dose. A
clinically unremarkable 12-lead ECG and laboratory panel
was required in screening prior to the study date, and systolic
(SBP) and diastolic blood pressure (DBP) at screening were
required to be < 130 mmHg and < 80 mmHg, respectively.
Subjects were allowed to continue taking concurrent medi-
cations that did not conflict with the eligibility requirements
of the study. Concurrent medications taken within 48 h of
the study doses were recorded.

2.2 Investigational Drug Product

The investigational drug product was a proprietary com-
bination of capsaicin, PE, and caffeine in a gel base. The
mixture was developed and qualified by the Zeeh Pharma-
ceutical Research Station located at the University of Wis-
consin—-Madison School of Pharmacy.

Of the three active components of CPC, the PE dose was
the most uncertain and was thus the focus of dose escala-
tion. The amount of capsaicin and caffeine in each 1 mL
dose was held constant at 1 mg and 200 mg, respectively.
The amount of PE was increased in a modified Fibonacci
escalation to identify the dose that yielded an increase in
SBP of at least 40 mmHg above baseline, yet did not exceed
a SBP of 190 mmHg or greater. An initial sequence of PE
doses of 0, 0.6, 1.2, and 1.8 mg was administered. Given
minimal change in blood pressure (BP), a second series of
escalating PE was approved and administered. A summary
of the escalating PE doses is provided in Table 1.

2.3 Dose Escalation
A dose-limiting toxicity (DLT) was defined as a National
Cancer Institute Common Terminology Criteria for Adverse

Events (NCI CTCAE)-defined adverse event (AE) Grade
4 [5], serious AE (SAE), or SBP > 190 mmHg. Dose

Table 1 Phenylephrine dose levels

Level No. of Phenylephrine Caffeine (mg) Cap-
subjects (mg) saicin

(mg)

0 1 0 200 1

1 1 0.6 200 1

2 1 1.2 200 1

3 6" 1.8 200 1

4 1 10 200 1

5 20 200 1

6 6 30 200 1

?One subject in the 1.8 mg PE cohort had a vasovagal event and
did not complete pharmacokinetic sampling but was included in the
safety analysis
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escalation was based on the two-step model of the phase I
dose escalation schemes evaluated by Storer [6]. This dose
escalation scheme did not escalate dose within an individual.
Instead, a single subject was exposed to the first dose level.
If the subject did not experience a DLT, the next subject
was exposed to the next, higher dose. The use of a single
subject per dose level continued until the highest dose level
of PE within the dosing cohort was reached (1.8 mg, then 30
mg), or until a DLT was experienced. If a subject developed
a DLT after the first dose but before the second dose, the
second dose was not administered. The maximum tolerated
dose (MTD) was defined as the PE dose (in combination
with 1 mg capsaicin and 200 mg caffeine) that caused a
DLT in fewer than 33% of the subjects treated at that dose
level (viz 0—1 subjects with DLT in six subjects treated at
the MTD).

2.4 Dosing and Pharmacokinetic Visit

There was one dosing visit for this study. Within 15 days of
the in-person screening visit, subjects were admitted to the
UWHealth Hospital Clinical Research Unit (CRU) where
standard admission procedures occurred. Assessment of the
time of the last intake of capsaicin, PE, or caffeine was docu-
mented. Subjects were asked to be fasting within 2 h of the
drug dosing and for 1 h after the second dose of CPC. For
the remainder of the hospital stay, a caffeine and capsaicin
restricted general diet was provided.

2.4.1 Study Drug Administration

Subjects were asked to be in an upright position that allowed
access to their mouth and subsequent blood sampling and
continuous BP and heart rate (HR) monitoring. After a
15-min rest, vital signs were taken and SBP was required to
be < 130 mmHg for the first dose of CPC to be administered.
If SBP was > 130 mmHg, BP was checked again in 15 min.
If the repeat measurement was < 130 mmHg, the first dose
of CPC was administered. If repeat SBP was > 130 mmHg,
the subject was excluded from the study.

The study nurse delivered the first dose using an oral
syringe sublingually. Subjects were asked to allow the gel
to reside under the tongue for 1 min before it could be swal-
lowed. Sips of water were allowed after the 1-min period.
Two hours later (following the 2-h blood PK sample), the
sublingual dosing was repeated if SBP was < 130 mmHg.
If the second dose could not be administered at the 2-h time
point, it was not administered at all.

Oral discomfort or pain was measured using a 0-10
numeric pain scale (NPS), with 0 being no discomfort or
pain and 10 being pain as severe as can be imagined. The
NPS was recorded following the first and repeat dose, and
prior to each PK blood collection. If the subject continued

to have significant oral discomfort 5 min after either dose
of CPC, milk and/or bread were offered after obtaining the
5-min PK samples. Subjects were queried as to the presence
of gastric discomfort up to 3 h.

2.4.2 Pharmacokinetic Sampling

Blood samples were collected with a syringe via the venous
catheter with appropriate pre- and postsample flushing. If the
indwelling venous catheter patency was lost and could not
be restored, separate needle sticks for blood collection were
allowed. Blood samples were collected at predose, 30 s, 1,
2,5, 15, 30, 45, 60, 90, 120 min, and 3, 4, 6, 8, 12, and
24 h. An additional blood collection was done at the 24-h
time point for CBC with Differential and Platelet Count, and
Comprehensive Metabolic Panel.

The blood from each PK sample time was immediately
transferred into one 4 mL collection tube containing lithium
heparin (PE) and two, 2 mL. K,EDTA tubes for analysis of
caffeine and capsaicin. The lithium heparin tube and one
K,EDTA tube (capsaicin sample) were immediately placed
on ice or refrigerated. The second K,EDTA tube (caffeine
sample) remained at room temperature. All blood samples
were centrifuged as soon as possible in a refrigerated cen-
trifuge. The plasma from each tube was equally distributed
between two polypropylene tubes, labeled and promptly
stored at — 80 °C until thawed for analysis.

2.4.3 Cardiovascular Response

BP via finger arterial pressure and HR via telemetry
were monitored continuously using a Task Force Monitor
(CNSystems Medizintechnik AG, Ganz Austria) for the first
hour after each dose of study medication. In addition, we
obtained automated brachial BP readings at 1, 2, 5, 10, 15,
20, 30, 45, and 60 min during the 60 min after each dose.

2.5 Drug Assay

Frozen plasma samples were transported to PPD, Inc., Mid-
dleton, WI, USA, for analysis under current Good Labora-
tory Practices (cGLP), reflecting the May 2018 FDA Guid-
ance for Industry—Bioanalytical Method Validation. All
methods were performed using liquid chromatography—tan-
dem mass spectrometry (LC-MS/MS). A summary of the
qualification of the three assays is presented in Table 2. Sta-
bility testing demonstrated the sufficiency of sample pro-
cessing and storage.

2.6 Pharmacokinetic Analysis

Plasma concentrations of capsaicin, PE, and caffeine
were processed using non-compartmental methods using
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Table2 Summary of validation of drug assay—interassay

Caffeine Capsaicin (2-150 pg/ Phenylephrine
(25-19,000 mL) (10-1880 pg/
ng/mL) mL)
Precision  12.3%/6.9% 10.1%/2.7% 7.7%14.0%
Accuracy 3.75%/—1.8% —7.24%/—5.1% —0.73%/4.8%

Tested concentration extremes of the respective compounds are indi-
cated within parentheses.

the PKNCA package (0.94) in R (4.0.4) within RStudio
(1.4.1106) on a Dell 7410 computer operating on Windows
10. AUC was determined using the trapezoidal (linear up/
logarithmic down) method.

3 Results

A total of 17 subjects received the drug with no SAEs
reported. As detailed in Table 3, nine subjects were in the
initial low-dose PE cohort, and eight subjects received the
higher doses of PE.

3.1 Tolerability and Safety

No SAEs were noted. Non-serious AEs were observed and
included mainly oral and gastric discomfort, which were
most likely related to and expected from capsaicin. Of note,
oral discomfort is a desired effect for the drug as we believe

it to be the trigger for increased sympathetic activity and
capsaicin-induced BP elevation. Despite the reported dis-
comfort, none of the 17 volunteers refused to hold CPC
sublingually for 1 min, swallow the drug, or take the second
dose. Refusal to do any of these three things was used as a
marker of intolerance of the drug.

In addition to the oral and gastric discomfort, vasovagal
events thought to be the result of the frequent blood draws
and intravenous catheter placement occurred in two sub-
jects. The first subject belonged to the 1.8 mg PE group
and experienced lightheadedness, hypotension, and nausea
during blood draws around 5 min after receiving the first
dose. The event was consistent with a vasovagal reaction and
the decision was made to stop the study given the concerns
that continued blood draws were likely to exacerbate the
subject’s symptoms. The second subject experienced a vas-
ovagal reaction at the sight of blood following intravenous
catheter placement with no loss of consciousness. Within
5 min, the subject was back to normal and received both
study doses (20 mg PE) with no further AEs. A summary of
the AEs is provided in Table 4.

3.2 Blood Levels (Capsaicin, Phenylephrine,
and Caffeine)

3.2.1 Capsaicin Blood Concentrations

Capsaicin blood concentrations after a 1 mg sublingual/
oral dose ranged from <4.00 to 79.5 pg/mL . Although the

Table 3 Subject demographics

Phenylephrine Age (years) Sex Weight (kg) Race Ethnicity

dose (mg)

0 19 F 76.5 American Indian/ Hispanic

Alaskan Native

0.6 22 M 92.4 White Non-Hispanic

1.2 33 F 90.6 Asian Non-Hispanic

1.8 26 F 82.1 White Non-Hispanic
26 M 85.6 Asian Non-Hispanic
27 F 60.3 White Non-Hispanic
30 M 69 White Non-Hispanic
35 F 66.5 White Non-Hispanic
31 F 60.3 White Non-Hispanic

10 29 M 71.5 Asian Non-Hispanic

20 22 M 79.3 White Non-Hispanic

30 35 M 68.4 Unknown Hispanic
38 F 63.5 White Non-Hispanic
28 F 58.8 White Non-Hispanic
37 F 69.9 White Non-Hispanic
30 M 73.5 White Non-Hispanic
33 F 64.4 White Non-Hispanic

F female, M male
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Table 4 Adverse effects noted

No. of
sub-
jects

System of care Preferred term

Respiratory thoracic and mediastinal Throat tightness 1

disorders
Gastrointestinal disorders Nausea 2
Metabolism and nutrition disorders Hypoglycemia 1
Nervous system disorders Dizziness 1
Nervous system disorders Headache 1
Nervous system disorders Presyncope 2
Gastrointestinal disorders Dyspepsia 6

discomfort of capsaicin was noted immediately, the time to
first measurable systemic concentrations was 5—15 min. A
gradual increase in capsaicin concentration was noted as
soon as 5 min in most subjects, reaching a peak at around
15 min with a decline over the remaining 95 min (Fig. 1).
Table 5 shows the times of the first detectable and maximum
concentrations of capsaisin.

3.2.2 Phenylephrine Blood Concentrations

PE blood concentrations did not exceed 130 pg/mL at the
lower dose range (0.6—1.8 mg). The small number of meas-
urable concentrations limited the ability to characterize dose
linearity. At the highest dose (30 mg), PE concentrations
exceeded 1 ng/mL within 15 min and peaked at 1-2 ng/mL
by 30 min with a gradual decline over 2 h (Fig. 2). The PE
peak concentrations and other PK parameters are noted for
the various doses in Table 6.

80

60

404

Capsaicin (pg/mL)

Time (min)

Fig. 1 Capsaicin plasma concentration. Data show plasma concentra-
tions within the first 15 min after the first dose of capsaicin [1 mg]
(a) and over 8 h, comparing the concentrations after the two doses at

Table 5 Capsaicin N 16
pharmacokinetic parameters
Tiirg» MiN 5 (0.5-30)
T x> MIN 15 (5-45)

Chhaxs DE/L 31.3 (4.22-79.5)

max?

Data are expressed as median
(range)

T, could not be determined due
to the inability to measure the
concentrations in plasma for an
adequate duration of time

Ty, time at which the first
measurable concentration of
drug was noted, 7T,,, time at
which the highest drug concen-
tration was noted, C,, maxi-
mum concentration

3.2.3 Caffeine Blood Concentrations

Caffeine blood levels were present in some subjects at base-
line, reflecting dietary caffeine intake. The blood levels were
largely unchanged in the first 15 min, suggesting the absence
of sublingual absorption. There was a gradual increase after
15 min to 5-6 mcg/mL consistent with GI absorption. This
blood level persisted for at least another 60 min to the end of
the 2-h period (Fig. 3). Table 7 shows the times of the first
detectable and maximum concentrations of caffeine.

3.2.4 Effect of Phenylephrine on Caffeine and Capsaicin
Concentrations

As mentioned earlier, the plasma concentrations of capsaicin
were higher after the first dose than after the second dose
in all subjects. Given the vasoconstritive effects of PE, the
effect of PE dose on the concentration of capsaicin and caf-
feine was evaluated. Figure 4 shows that the concentrations
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0 and 120 min (b). Only subjects receiving the 30 mg phenylephrine
dose are shown
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Phenylephrine (ng/mL)

Time (min)

Phenylephrine (ng/mL)

180 240 300 360 420 480

Time (min)

0 60 120

Fig.2 Phenylephrine plasma concentration. Data are shown for patients receiving 30 mg phenylephrine in the first 15 min (a) and over 8 h, com-
paring the concentrations after the two doses at 0 and 120 min (b). Only subjects receiving the 30 mg phenylephrine dose are shown

Table 6 Phenylephrine

N Dose, mg 0.6 1.2 1.8 10 20 30 All doses
pharmacokinetic parameters
N 1 1 5 1 6 15
T g Min 30 15 15 (15-15) 5 1 5 (5-15) 15 (1-30)
T ax Min 30 180 30 (15-30) 45 180 30 (30-180) 30 (15-180)
Chacong/L 153 679 87.5(74.4-129) 703 1200 1750 (1400-3230)
T, h NA 249 1.75(0.93-2.14) 231 11.1 4.95 (2.15-7.27) 2.49 (0.93-11.06)

Data for multiple subjects are expressed as median (range)

Insufficient data points were available for the patient receiving the 0.6 mg dose and one patient in the 1.8
mg cohort to determine the 7, of phenylephrine. The T, for one subject at the 1.8 mg dose level could not

be determined

Ty, time at which the first measurable concentration of drug was noted, 7, time at which the highest

drug concentration was noted, C

15 min after the first dose did not significantly differ between
subjects receiving the lowest and highest doses of PE.

3.3 Cardiovascular Effects

As noted earlier, nine and eight subjects received the lower
and higher dose ranges of PE, respectively. In the nine sub-
jects who received the lower PE doses (0-1.8 mg), the target
increase in systolic BP was not reached and PE blood levels
were consistently below 0.1 pg/L. Accordingly, higher doses
of 10, 20, and 30 mg PE were prepared and administered to
an additional eight subjects with no change in the doses of
caffeine and capsaicin. A significant increase in SBP was
noted in all subjects in the higher PE dose cohort but still did
not reach the target of 40 mmHg. PE doses higher than 30
mg were not investigated given the magnitude of increased
BP and good safety outcome.

Six subjects received CPC with the highest dose of PE
(capsaicin 1 mg, PE 30 mg, caffeine 200 mg). The median
age of the cohort was 34 years and included four women.
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maximum concentration, T, elimination half-life

The peak increase in SBP was at 2 min, with an average
increase of 21 mmHg (range 15-33 mmHg). The increase
in BP was statistically significant for at least 15 min with
a gradual decline over 2 h. There was an initial increase in
HR followed by a decrease to below baseline over the 2-h
period (Fig. 5).

3.4 Pain Score

Following the first dose, the pain score (scale of 1-10) was
highest at 2 min (mean 5, range 3-8) with a gradual decline
over 15 min. The mean pain scores were 3, 2, and 1 at 5, 10,
and 15 min, respectively. The pain score was 0 at 30 min in
all subjects except for one who had a score of 1. The same
trend, except with lower numbers, was noted with the second
dose, with the highest pain score noted at 2 min (mean 4,
range 1-6) followed by a gradual decline to 3, 1, and 1 at 5,
10, and 15 min respectively. As with the first dose, the pain
score returned to O by 30 min in all subjects except for one
who reported a score of 1.
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121

Caffeine (mcg/mL)

Time (min)

Fig.3 Caffeine plasma concentration. Data show plasma concentra-
tions within the first 15 min after the first dose of caffeine [200 mg]
(a) and over 8 h, comparing the concentrations after the two doses at

Table 7 Caffeine pharmacokinetic parameters

N 16

Tipg» MiN 0-5

T ax, MIN 60 (45-120)
Cax> Mg/L 4.74 (2.77-10.1)
T, h 5.34 (3.76-18.8)

Data are expressed as median (range)

T,, was determined after the second caffeine dose. Several subjects
presented with non-null baseline plasma caffeine concentrations

Ty, time at which the first measurable concentration of drug was
noted, T, time at which the highest drug concentration was noted,

C,,.x maximum concentration, 7, elimination half-life

4 Discussion

The results of our phase I study suggest that the CPC drug
mixture is well tolerated. We attribute the early increase in
BP (0-15 min) to the oral pain associated with capsaicin,
and the late increase (15—-120 min) to PE and caffeine. We
make this statement because both PE and caffeine were
barely detected in the blood during the first 15 min, leaving
only capsaicin-related oral discomfort as the cause of the
early increase in BP (Fig. 6). Conversely, the later increase
in BP could only be attributed to PE and caffeine because
capsaicin blood levels were considered to be too low to
cause a systemic effect and the oral discomfort due to cap-
saicin nearly subsided at 15 min (mean pain score of 1 at
15 min). Of note, the increases in BP between 0 and 15 min
after drug administration were similar with the lower doses
of PE (n = 9) when compared with the higher doses (n = 8)
(Fig. 4), suggesting once again that the early changes were
due to capsaicin.

Caffeine (mcg/mL)

180 240 300 360 420 480
Time (min)

0 60 120

0 and 120 min (b). Only subjects receiving the 30 mg phenylephrine
dose are shown

100

104

Concentration

L
—

Caffeine I(mcg/mL) Capsaiciﬁ (pg/mL)

Fig.4 Comparison of the effect of phenylephrine dose on capsaicin
and caffeine concentrations 15 min after the first dose of the mixture.
Open boxplots include subjects receiving 0-20 mg phenylephrine,
and the blue boxplot includes only the six subjects receiving 30 mg
doses of phenylephrine

4.1 Capsaicin

The highest detected capsaicin blood level in our study fol-
lowing a 1 mg oral dose was 79 pg/mL or 79 ng/L, cor-
responding to 0.26 nmole/L. The only other clinical report
of capsaicin concentrations was that of Chaiyasit et al. [7],
who administered oral doses of 26.6 mg capsaicin and meas-
ured peak capsaicin concentrations of 2.5 pg/L or 2500
ng/L, which translates into 94 ng/L per milligram adminis-
tered. This concentration is similar to our findings of 79 ng/L
after the administration of 1 mg of capsaicin.

The half maximal effective concentration (ECs,) value
for capsaicin on its VR1 receptor is in the micromolar range
(10°% mole/L) [8, 9]. Therefore, the ratio of the highest blood
level detected to ECs,is 0.26 x 107>, The capsaicin blood
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1o B

Change from Baseline

-20 4

Time after First Dose (min)

Fig.5 Time course of cardiovascular changes. Data are shown for the
first 15 min (a) and over 3 h (b). Blue square/dashed line represents
heart rate; red circle/solid line represents systolic blood pressure;

levels detected in this study were therefore considered to be
too low to cause any effect through the systemic circulation.
We hypothesize that the hemodynamic effects were due to
local irritation and reflex increase in sympathetic activity.
Indeed, the peak increase in SBP coincided with the highest
pain score at 2 min and the decline in SBP at 15 min coin-
cided with a mean pain score of 1, consistent with resolution
of the oral discomfort.

4.2 Phenylephrine

The median PE maximum concentration (C,,,,) after 30
mg oral doses in the current study was 1750 ng/L (10.5
nM), which is somewhat lower than the average of 4492
ng/L reported by Gelotte and Zimmerman [10]. There is no
obvious reason why the concentration would be lower than
expected, unless the coadministration with caffeine and cap-
saicin decreased the rate or extent of absorption.

A PE blood concentration of 20 nM corresponding to
3000 ng/L is associated with a mean increase of 3 mmHg in
SBP [11]. We speculate that the contribution of PE to SBP
elevation was around 1-2 mmHg. Furthermore, we believe
the effect was limited to the time period of 15-120 min when
the blood levels started to exceed 1000 ng/L.

4.3 Caffeine

The first caffeine dose of 200 mg resulted in a median C,,,,,
of 4.74 mg/L. This is in agreement with the 1.5 mg/L con-
centration reported by Perera et al. after a 100 mg oral dose
[12]. A single dose of 200-250 mg of caffeine is associated
with an increase in SBP of 3—-14 mmHg within 30 min with a
maximal increase at 60—120 min [13]. At a concentration of
3.7 mg/L, SBP increased from 132 + 12 to 133 + 10 mmHg
(p < 0.05) at 18 min post caffeine ingestion (3 mg/kg) [14].
In the current study, the caffeine dose was 200 mg and the
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Change from Baseline
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Time after First Dose (min)

green triangle/dotted line represents diastolic blood pressure. Points
and error bars indicate mean and 95% confidence interval. Only the
six subjects receiving the 30 mg phenylephrine dose are shown

blood levels were 2—-6 pg/mL or mg/L. We speculate that
the maximum contribution of caffeine to SBP elevation was
approximately 1-2 mmHg. Similar to PE, we believe the
effect was limited to the time period of 15-120 min when
the blood levels started to exceed 2 mg/L.

Despite the absence of significant blood levels of PE
and caffeine in the first 15 min post drug administration,
we believe all three drug components should continue to be
part of the product for the following reasons:

1. Syncope prevention in high-risk situations: We believe
the CPC product has a role in not only aborting a pending
vasovagal event but also in preventing one in high-risk situ-
ations. While capsaicin plays a major role in the immediate
effects (0—15 min), we believe PE and caffeine play a signifi-
cant role 15-120 min post drug intake. For PE, the effects
are directly linked to its vasopressor properties, while for
caffeine, the effects are due to its direct effects on BP and
its role in blocking adenosine receptors.

With caffeine, the effects on BP are likely to be minimal
in the absence of syncope; however, we hypothesize that
its effects are greater at the time of pending syncope due
to the endogenous release of adenosine [15] and caffeine’s
ability to block adenosine receptors. Indeed, the caffeine
blood levels after 15 min are high enough to counteract the
cardiovascular effects of endogenous adenosine release at
the time of VVS. The affinity of caffeine for Al and A2
adenosine receptors are 10 and 9 uM, respectively [16], cor-
responding to 1.9 mg/L. The observed blood levels in our
study of 2—6 mg/L. 15-120 min post drug intake were at least
twice that amount.

2. Effects of PE and caffeine on fatigue after a syncopal
event: Up to 94% of patients experience fatigue following
VVS [17], with some stating “I slept for hours as if I had run
a marathon”. We believe that PE and caffeine will mitigate
these symptoms.
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Fig.6 Relationship of change in systolic blood pressure to drug con-
centrations among subjects receiving the 30 mg phenylephrine dose,
illustrating the lack of a concentration versus effect relationship. BP
blood pressure

4.4 Future Studies

Two additional studies are planned to assess the effects
of CPC on VVS. In the first study, we will be testing the
hypothesis that a single administration of sublingual CPC
preparation during the prodromal phase aborts tilt-induced

syncope or near syncope with SBP < 70 mmHg in patients
with a history of VVS (phase Ila trial). In the second study,
we will be testing the hypothesis that a single administration
of sublingual CPC preparation prevents tilt-induced hypo-
tensive syncope or near syncope with SBP < 70 mmHg in
patients with a history of VVS (phase IIb trial). Once com-
pleted, a large multicenter trial will be conducted to demon-
strate the drug efficacy and safety in patients with spontane-
ous VVS (phase III trial).

Additional potential use of the drug include the treat-
ment and prevention of hemodialysis-induced hypotension.
There are approximately 300,000 patients receiving chronic
hemodialysis in the US, with approximately 45 million ses-
sions per year. Hypotension during hemodialysis occurs in
6—27% of patients with a 20% incidence being most cited
[18]. Suggested contributors include autonomic dysfunction,
particularly in diabetics [19], release of adenosine during
organ ischemia [20], increased synthesis of endogenous vas-
odilators such as nitric oxide [21], and insufficient increase
in vasoconstrictors such as vasopressin [22]. We hypothesize
that administration of CPC in patients with hemodialysis-
induced hypotension reduces the magnitude of BP drop and
thus premature termination of hemodialysis.

Lastly, CPC may be helpful in the treatment of orthostatic
hypotension. The prevalence of orthostatic hypotension is
5-30% depending on age and type of population studied
[23, 24]. While many conditions could lead to orthostatic
hypotension, up to 40% of patients have no definite cause
[25]. We hypothesize that CPC administration reduces the
orthostatic drop in BP and thus risk of syncope and falls in
patients with symptomatic orthostatic hypotension.

5 Conclusion

In summary, we have shown that CPC is well tolerated in
healthy adults, with no serious adverse reactions. Sublingual
drug administration resulted in a significant increase in BP
with a peak at 2 min and gradual decline over 2 h. The effi-
cacy of the drug in aborting and preventing syncope awaits
future studies.
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