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Study Objective. To evaluate the hemodynamic and electrocardiographic
effects of a single dose of commercially available bitter-orange dried-fruit
extract, which is increasingly being used in dietary supplements.

Design. Randomized, double-blind, placebo-controlled, crossover study.

Setting. University of Connecticut, Storrs Campus.

Subjects. Eighteen healthy volunteers aged 18 years or older.

Intervention. Subjects were given either placebo or bitter-orange dried-fruit
extract (450 mg standardized to 27 mg of m- or p-synephrine) in phase 1.
The opposite treatment was given during phase 2 after a washout period of

at least 7 days.

Measurements and Main Results. The rate-corrected QT (QTc) interval and
blood pressure were measured before dosing and at 1, 3, 5, and 8 hours
after dosing. Mean + SD values of the maximum postdose values were
compared between groups. Subjects receiving bitter-orange extract versus
those receiving placebo had similar postdose QTc intervals (402 + 29 vs
403 + 24 msec, p=0.653), systolic blood pressure (114 + 10 vs 115 + 8 mm
Hg, p=0.686) and diastolic blood pressure (68 + 9 vs 68 + 8, p=0.879).

Conclusion. Bitter-orange dried-fruit extract standardized to m- or p-synephrine
27 mg did not significantly alter the QTc interval or blood pressure after a
single dose was administered. Future studies are necessary to ensure the
safety of this herbal product with multiple doses.
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annually, resulting in $7 billion in sales."” From
1995-1997, 926 cases of possible ephedra
toxicity, including 16 strokes, 10 myocardial
infarctions, and 11 sudden deaths, were reported
to the U.S. Food and Drug Administration
(FDA).? Ephedra-containing products were
banned in 2004, but a federal judge recently
ruled that the FDA overstepped its authority and
the ban was lifted.* Ephedra contains both direct
and indirect sympathomimetic compounds—
including ephedrine, pseudoephedrine, and
norpseudoephedrine—that stimulate $;-, 3,-,
and a,-adrenergic receptors.

All FDA-approved drugs are required to
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undergo initial safety evaluation of the effects of
the drug on blood pressure and the QT interval.
However, dietary, nutritional, and herbal
supplements do not have to undergo a safety
evaluation before marketing. In a previous study,
Metabolife 356 (Metabolife International Inc.,
San Diego, CA), an ephedra-containing product,
elevated the rate-corrected QT (QTc) interval by
23 msec and systolic blood pressure by 5 mm Hg
compared with placebo.” Unfortunately, this
simple safety evaluation was not conducted
before numerous adverse events were reported.

Bitter orange is a natural product used exten-
sively in the ephedra-free weight-loss supplement
market. However, the electrocardio-graphic and
hemodynamic effects of bitter orange have not
been rigorously studied. The active component
in bitter orange is m-synephrine (natural
phenylephrine). However, bitter orange may also
contain p-synephrine (oxedrine), octapamine,
and N-methyltyramine, which act as direct or
indirect sympathomimetics and can stimulate (3;-
, B2-, and a-adrenergic receptors.®

The main constituent of bitter orange is
thought to be m-synephrine, which is an a;-
selective adrenergic receptor agonist. Bitter
orange is listed by the Joint National Committee
on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure as a cause of
resistant hypertension,” but this has not been
adequately studied. In one study, bitter orange
juice (~13-14 mg as m- or p-synephrine) was
given to healthy, normotensive volunteers.®
Systolic blood pressure in these subjects
increased by 4 mm Hg above baseline compared
with 2 mm Hg in the placebo group after 5 hours,
but the increase was not significant.

One case report described a 20-year-old woman
with no significant medical history who
developed intractable ventricular fibrillation after
overdosing on weight-loss pills containing
synephrine.” Another case report described a 55-
year-old smoker, also a woman with no signifi-
cant medical history, who was diagnosed with
acute lateral-wall myocardial infarction.'® A
review of her drug therapy revealed that she had
taken a multicomponent dietary supplement
containing bitter orange 300 mg for the past year
(direct or indirect sympathomimetic content was
unknown).

Case reports are important for their description
of potential associations between product use
and patient harm. However, they cannot prove
that a drug was related to an adverse effect or
determine the potential mechanism of harm. A

preliminary cardiovascular safety probe to assess
blood pressure and the QTc interval can help
investigators determine whether there is a signal
for cardiovascular risk with use of bitter orange.

The objective of our study was to evaluate the
impact of bitter-orange dried-fruit extract on
hemodynamic and electrocardiographic variables
in healthy volunteers.

Methods
Study Design and Subjects

This randomized, double-blind, placebo-
controlled, crossover study was approved by the
University of Connecticut’s institutional review
board. Study enrollment was from October
2004-February 2005. All participants signed
informed consent.

Study subjects were healthy volunteers aged 18
years or older. Subjects were excluded if they
had abnormal sinus rhythm, history of atrial or
ventricular arrhythmia, left ventricular hyper-
trophy, coronary or cerebrovascular disease,
hypertension, palpitations, T-wave abnormalities,
baseline linear QTc interval greater than 440
msec, thyroid disease, type 1 or 2 diabetes
mellitus, recurrent headaches, depression, any
psychiatric or neurologic disorder, history of
alcohol or drug abuse, renal or hepatic dys-
function, or family history of premature sudden
cardiac death. Subjects also were excluded if
they took anticoagulants, monoamine oxidase
inhibitors, drugs metabolized by cytochrome
P450 (inducers, inhibitors, or substrates), dietary
or nutritional supplements other than a
multivitamin, or stimulants, including systemic
and/or topical over-the-counter decongestants,
within 6 months from the day of screening.
Women who were pregnant or lactating were also
excluded; urine dipstick tests were used to
confirm lack of pregnancy.

Subjects were randomly assigned to receive one
dose of bitter-orange dried-fruit extract or
placebo at the start of phase 1. After a washout
period of at least 7 days, subjects entered phase 2
and received the opposite therapy. At least 12
hours before and during each phase of the study,
subjects abstained from caffeine (in diet, drug
therapy, or other source), herbal products (e.g.,
bitter-orange extract, ma-huang), or stimulants
(e.g., systemic or topical decongestants, ephedrine).

One of the investigators reformulated each
bitter-orange dried-fruit tablet (Nature’s Way;
Springville, UT) as an opaque capsule (Capsugel,
Pfizer Inc., Morris Plains, NJ) using lactose
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Table 1. Comparison of Hemodynamic Variables Between Study Groups

Placebo Bitter-Orange
Group Extract Group
Variable (n=18) (n=18) p Value
Baseline
Systolic blood pressure (mm Hg) 111 + 14 110 £ 12 0.762
Diastolic blood pressure (mm Hg) 65«11 63 + 10 0.419
Cardiac index (I/min/m?) 3.0+04 29+03 0.426
Systemic vascular resistance index
(dynesececm?em?) 2039 + 378 2059 = 416 0.811
Thoracic fluid content (ml) 337 357 0.122
Maximum postingestion
Systolic blood pressure (mm Hg) 115+ 8 114 + 10 0.686
Diastolic blood pressure (mm Hg) 68 +8 68 +9 0.879
Cardiac index (IL/min/m?) 3.1+05 3.1+04 0.625
Systemic vascular resistance index
(dynesececm™em?) 2158 + 425 2214 + 349 0.362
Thoracic fluid content (ml) 34+7 35+7 0.483

Data are mean = SD.

monohydrate powder (Humco Corp., Texarkana,
TX) as filler. Each tablet contained bitter-orange
extract 450 mg standardized to m- or p-
synephrine 27 mg (i.e., 6%) from Citrus
aurantium. Matching placebo capsules contained
only lactose.

During both study phases, hemodynamic and
electrocardiographic variables were measured
immediately before ingestion of the study drug
(baseline) and at 1, 3, 5, and 8 hours after
ingestion. The duration of observation was based
on the product label of the bitter-orange extract
(twice/day with meals) and the time frame of
qualitative systolic blood pressure elevation used
in another study.® To minimize circadian
variation in blood pressure and electrocardio-
graphic parameters, measurements in phase 2
were begun within 1 hour of those in phase 1 for
each subject.

Hemodynamic Monitoring

Blood pressure was measured with subjects at
rest using a Bio-Z (Cardiodynamics International
Corp., San Diego, CA) cuff measurement. This
FDA-approved, noninvasive machine uses blood
pressure and thoracic electrical bioimpedance to
calculate and measure cardiac index, systemic
vascular resistance index, and thoracic fluid
content.!! Mean + SD baseline and maximum
postingestion blood pressure and hemodynamic
parameters were selected for statistical compar-
ison between groups.

Electrocardiographic Monitoring

Standard 12-lead electrocardiograms (ECGs)

were performed at rest using the MAC 5000
machine (GE Healthcare Technologies, Waukesha,
WI), which uses 1-mV/cm standardization at 25
mm/second. The ECGs were printed out for
interval measurement. A blinded investigator
read P-wave and PR, QRS, QT, and RR intervals
from lead IT under magnification using a
precision ruler with a scale of 0.5 mm (Schadler-
Quinzel, Parsippany, NJ). The QT interval was
determined by extrapolating the T-wave
downslope to the isoeletrical line. The QTc
interval was corrected using Bazett’s formula
(QTc = QT/[RR]¥*) and the Framingham linear
method (QTc = QT + 0.154[1 — RR]). The mean
+ SD values of each interval (P wave, and PR,
QRS, QT, RR, or QTc interval) at baseline and the
maximum postingestion values were selected for
statistical comparison between groups.

Adverse Event Monitoring

Adverse events were evaluated during the
postingestion period at 1, 3, 5, and 8 hours by
asking subjects, “Have you experienced any
unpleasant feelings or symptoms since you took
the experiment medication?” When subjects
reported any symptom, they were followed for
progress of the symptom (same, worse, or
improved) or a new onset of adverse events until
the end of the study. We allowed only adminis-
tration of acetaminophen for possible intolerable
headaches during the study.

Statistical Analysis

All data are mean = SD. A paired t test was
used for between-group comparisons at baseline
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Table 2. Comparison of Electrocardiographic Variables Between Study Groups

Placebo Bitter-Orange
Group Extract Group
Interval (n=18) (n=18) p Value
Baseline (msec)
P wave 8412 8312 0.914
PR 142 £ 22 141 + 20 0.822
QRS 78 = 20 77 =16 0.672
QT 355+ 19 360 = 20 0.334
RR 819+ 72 819 = 85 0.987
Framingham QTc 383 21 387 =21 0.109
Bazetts QTc 393 + 25 399 + 25 0.095
Maximum postingestion
(msec)
P wave 90 = 14 90 =13 0.997
PR 151 +23 151 22 0.711
QRS 84 + 20 82=+18 0.398
QT 377 £ 25 378 23 0.776
RR 970 = 107 993 = 106 0.398
Framingham QTc 394 + 20 3901 = 24 0.442
Bazett’s QTc 403 + 24 402 + 29 0.653

Data are mean = SD.

QTc = rate-corrected QT interval.

and for the maximum postingestion values. A p
value less than 0.05 was considered to indicate a
statistically significant difference.

Our primary end points were the effects of
bitter-orange extract on systolic blood pressure
and QTc interval. To calculate the sample with
an « value of 0.05, the power of 80%, QTc-
interval intergroup difference of 6 + 3 msec, and
systolic blood pressure intergroup difference of 4

+ 4 mm Hg, 10-12 subjects were required. These
differences were adapted from previous studies.'***

Results

Of the 20 subjects screened, one was taking
over-the-counter cimetidine and was excluded
from participating. Of the 19 enrolled subjects,
one could not return for phase 2 due to a

Screening for eligibility (20 subjects)

Y

Exclusion
< criteria

(1 subject)

Randomization (19 subjects)

Bitter-orange group (9 subjects)

A

7-day
washout

}

Bitter-orange group (9 subjects)

Figure 1. Study design and randomization of the subjects.
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personal reason, had no study-related complaint,
and received placebo in phase 1. As such, 18
subjects completed both phases of the study
(Figure 1); nine were men, mean age was 24.9 =
4.4 years, and mean weight 150 + 28 lb. No
significant differences in baseline or maximum
postingestion hemodynamic or electrocardio-
graphic parameters were noted between groups
(Tables 1 and 2).

All subjects completed the study with no major
adverse events. The most common complaint
(six subjects) was headache. Five headaches
were reported with bitter-orange extract and four
with placebo; two subjects required acetaminophen
for treatment. One subject had a heart flutter
with placebo, and another felt tired in both study
phases.

Discussion

A single dose of bitter-orange dried-fruit
extract did not affect electrocardiographic
parameters in the 18 healthy study subjects.
Since m-synephrine is the main constituent in
this bitter-orange product and stimulates only the
aj-adrenergic receptor, this is not surprising.
Phenylephrine 1.4 pg/kg/minute (mean dose)
was previously shown not to affect the QTc
interval.”” The literature suggests that it is B-
adrenergic receptor stimulation (particularly 3,
stimulation) that causes prolonged ventricular
repolarization.'® This is evidenced by the ability
of isoproterenol (a B,- and B,-receptor agonist)
to block ventricular cell delayed rectifier
potassium channel current in vitro.

This pharmacologic relationship is further
supported by a study in which epinephrine (an
aj-, B1-, and B,-receptor agonist) elevated the
QTc interval by 55 msec in patients with
congenital long-QT syndrome, but concurrent
propranolol (a nonselective B-antagonist)
attenuated the effect.”” We cannot be sure that
this lack of QTc-interval effect would be
consistent with all bitter-orange products, since
other direct or indirect sympathomimetics can be
found in some bitter-orange preparations and
may cause greater [-adrenergic receptor
stimulation.

In one case report, a single dose of multi-
component product containing bitter orange
(standardized for m- and p-synephrine, N-
methyltyramine, hordenine, octopamine, and
tyramine) with caffeine was associated with a
QTc interval of 516 msec.'”® The patient, a 22-
year-old woman, experienced syncope while

jogging, probably secondary to development of
torsade de pointes. The amounts of the
components of bitter orange in this weight-loss
supplement is not disclosed by the manufacturer.

We did not observe any significant changes in
blood pressure, cardiac index, or systemic
vascular resistance index associated with bitter-
orange dried-fruit extract. Since m-synephrine
can stimulate o;-adrenergic receptors, an increase
in systemic vascular resistance index would have
been anticipated, but only a small, nonsignificant
effect was noted. However, most healthy
individuals have baroreceptor buffering capacity
that limits the extent of blood pressure
alterations secondary to sympathomimetics. This
is accompanied by enhanced parasympathetic
tone and reduced endogenous catecholamine
secretion.”” People with muted buffering ability
(e.g., elderly persons, patients with hypertension,
and patients with cardiac disease) have markedly
greater blood pressure increases than healthy
individuals in response to sympathomimetics.

In a study of young (aged 25 yrs) versus old
(aged 65 yrs), healthy, normotensive subjects,
systolic blood pressure response to phenylephrine
was compared.’® After administration of
intravenous phenylephrine, blood pressure
increased by 2 and 5 mm Hg, respectively, in the
young and old subjects. Baroreceptor buffering
and cardiovagal baroreflex sensitivity, respec-
tively, were 115% and 55% lower in older men.

In another study, a control group of healthy
subjects was compared with a group of patients
with essential hypertension.'” Intravenous
phenylephrine 25 pg increased systolic blood
pressure by 6 mm Hg in controls, but by 18 mm
Hg in the patients with essential hypertension.
As such, we cannot be sure whether the non-
significant blood pressure changes in our study
represent a lack of effect or a buffered response.
Our data should not be extrapolated to subjects
without adequate baroreceptor buffering ability;
these patients should be studied separately.

Caffeine, a methylxanthine that enhances the
pharmacologic effects of sympathomimetics,
increased blood pressure synergistically with
phenylpropanolamine in two studies.” ** Some
manufacturers of herbal products have inten-
tionally compounded their products with caffeine
to allow for this synergistic effect. Even casual
self-administration (of coffee, soda, or tea) can
enhance the blood pressure effects of some
sympathomimetics.”?> Caffeine synergizes
sympathomimetics by reducing baroreflex
sensitivity.”* We intentionally prohibited caffeine
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consumption in our study, so our data should not
be extrapolated to subjects consuming caffeine
and bitter orange concomitantly. Further study
with this combination is necessary. Our subjects’
abstention from caffeine may have resulted in the
headaches reported by subjects.

In a study described earlier, in which fresh,
bitter orange juice was administered and
qualitative systolic blood pressure changes were
seen, the subjects did not abstain from caffeine
consumption.® However, they were monitored
for consistency of caffeine intake in the study’s
two crossover phases (bitter orange juice and
water). Although the bitter orange juice
contained only 13-14 mg of synephrine, caffeine
consumption may have accentuated the blood
pressure effect.

Ingesting markedly greater amounts of bitter-
orange dried fruit or synephrine may not have
the same benign hemodynamic and electro-
cardiographic result as noted in our study, even
in young, healthy subjects. Ours was a single-
dose study, and we cannot be sure that accumu-
lation of synephrine or another compound would
not have occurred with subsequent doses.
Additional studies are needed to answer these
questions. However, without an initial safety
probe such as this to establish basal safety, a
dose-response or long-term study could not be
ethically conducted. We did not assay the
concentrations of m- or p-synephrine and cannot
independently validate the amount contained in
the product we used.

Conclusion

Bitter-orange dried-fruit extract equivalent to
synephrine 27 mg did not significantly alter
blood pressure or electrocardiographic parameters
in healthy, young subjects after administration of
a single dose. Future studies are necessary to
ensure the safety of this herbal product with
multiple doses.
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