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Abstract: Using a placebo-controlled double-blinded 30-day protocol, 40 overweight adults
were asked to consume a chocolate-flavored chew 15-30 min before their two largest meals of
the day. The chews contained either a placebo or an “active” product (100 mg of a bitter orange
extract, standardized to 51.5 mg p-synephrine). Subjects completed a 13-item Weight Control
Support Scale (WCSS) containing eating control, energy level, and palatability subscales daily
throughout the study. All 40 subjects completed the study. No adverse effects were reported
in either the placebo or active groups. As compared to placebo, subjects consuming the active
product reported statistically more (p<0.001) positive responses on the WCSS as well as on each
of the three subscales. This study suggests that, as compared to a placebo control, consuming
a chew containing bitter orange extract (51.5 mg p-synephrine) 15-30 min before the two larg-
est meals of the day resulted in a statistically significant greater and more positive response to
eating/appetite control and a weight-control support scale.

Keywords: bitter orange extract, p-synephrine, Citrus aurantium, appetite suppression, energy,
safety

Introduction

The most parsimonious recommendation for weight control is simply to eat less and
move more. Dietary supplements that help facilitate these behaviors can make a signifi-
cant contribution to weight management as long as the supplement is safe, efficacious,
and palatable. The objective of this study was to evaluate the extent to which a daily
chew product containing p-synephrine in the form of bitter orange (Citrus aurantium)
extract could support these three weight-control criteria.

Numerous studies in humans and animals have demonstrated the safety and efficacy
of bitter orange (Citrus aurantium) extract and its primary protoalkaloid p-synephrine.'
Kaats et al* have shown that consumption of 98 mg p-synephrine per day for 60 days
by human subjects was without adverse effects on blood pressure, heart rate, blood
chemistry, or blood cell counts as compared to placebo controls. Other studies have
found that p-synephrine facilitated weight loss and improved weight management.?

Ratamess et al® have shown that consuming 100 mg p-synephrine in the form of
two chews 45 min before exercise significantly increased resistance exercise perfor-
mance (total repetitions and volume load) without increasing blood lactate and ratings
of perceived exertion, relative to control and placebo groups. The consumption of
100 mg of caffeine with 100 mg p-synephrine increased mean power and velocity of
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squat performance without increasing total repetitions and
volume load. No adverse effects were reported by any group.

The adrenergic receptor-binding properties of
p-synephrine have been assessed and reviewed.® In general,
p-synephrine exhibits little or no binding to o1, o2, BI,
and B2-adrenergic receptors and, therefore, it does not and
would not be expected to exert significant cardiovascular
effects.>*¢7 p-Synephrine has been shown to exhibit modest
binding to 33-adrenergic receptors,®'? the activation of which
is associated with enhanced lipolysis, glycemic control,
thermogenesis, and appetite control.'!

Previous studies have shown that p-synephrine acts as a
non-stimulant thermogenic agent, increasing lipolysis and
the metabolic rate.>>!> The majority of studies have been
conducted with the patented bitter orange extract (Advantra
Z°®, Novel Ingredients, East Hanover, NJ) which is standard-
ized to p-synephrine. No studies have focused on the ability
of bitter orange extract and p-synephrine to suppress appetite
and depress food intake. However, in a survey regarding
the use of dietary supplements containing bitter orange, the
primary reasons for use consisted of appetite suppression as
well as weight loss and energy enhancement. '

This 30-day study was designed to examine the extent
to which consuming a daily chew enhanced with 51.5 mg
p-synephrine 15-30 min before the two largest meals of the
day (103 mg p-synephrine/day) could support the aforemen-
tioned criteria.

Methods

Forty healthy subjects were enrolled in this 30-day study
and were randomly assigned to one of the four study groups,
as shown in the flow diagram in Figure 1, with 10 subjects
assigned to each of the four study groups. All subjects signed
an informed consent form. All subjects reported no gastro-
intestinal, cardiovascular, liver, kidney, or thyroid diseases.

Subjects were to have refrained from taking any weight
management products for at least the previous month. Of
the 40 subjects, nine were males (average age of 48.4+£12.9
[SD]) and 31 were females (average age 51.449.8 [SD]).
A crossover component of the study facilitated assessment
of product effectiveness at 15 days, as compared to at 30
days (Figure 1). The nature of the study was described to
the participants based on the weight support scale questions
noted in Figure 2. This study was approved by the Solutions
Independent Review Board.

The study sponsor packaged the placebo and active bottles
of chews into two bulk packages labeled “A” or “B” with
no indication as to which of the two boxes were active agent
or placebo. The two bulk packages were provided to a study
trustee who, using a random numbers program, assigned
subject numbers to each of the product bottles which were
then given to the study’s principal investigator (PI). Bottles
were subsequently assigned randomly to subjects as they
enrolled. Thus, study monitors, the PI, the trustee, and the
subjects were blinded to the active and placebo allocation.
Once study data were analyzed by the PI using the “A” and
“B” identifiers, the dataset was provided to the trustee and
the study sponsor provided the trustee with the active/placebo
coding for a final analysis of the study outcome.

Subjects were given 30 chocolate-flavored chews contain-
ing either a placebo or 51.5 mg p-synephrine in the form of
100 mg bitter orange extract (Advantra Z). The chews were
supplied by Novel Ingredients, and had been designed to
contain 50 mg p-synephrine. An independent laboratory deter-
mined and confirmed that each chew contained an average of
51.5 mg p-synephrine. The placebo and active chews differed
only by the presence of the bitter orange extract in the active
chews. No caffeine or other active ingredients were present in
the chews. After 15 days, the subjects reported to the research
center clinic and were again given 30 chews containing either

40 subjects enrolled in the 30-day study

A B A/B B/A
10 subjects 10 subjects
placebo days active days
1-15 1-15
10 subjects 10 subjects
active days placebo Y
1-30 days 1-30 10 subjects 10 subjects

active days
16-30

active days
16-30

Figure | Flow diagram of 40 subjects who enrolled in a 30-day study and were randomized into one of the four |0-subject groups.
Notes: “A” is the subgroup that took active product (p-synephrine) for 30 days; “B” is the subgroup that took placebo for 30 days; “A/B” is the subgroup that took active
product for 15 days followed by |5 days of taking a placebo; and “B/A” is the subgroup that took placebo for 15 days followed by 15 days of taking the active product.
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Please answer the 13 questions listed below using the following rating scale:
1=strongly disagree, 2=disagree, 3=mildly disagree
4=mildly agree, 5=agree, 6=strongly agree

Eating and appetite control

1. It made me feel less hungry before meals

. It reduced my desire for fatty snacks

. Itimproved the taste of food
. It increased my appetite control

NoO b~ wWN

Energy level
8. It gave me more energy
9. | was more alert throughout the day

. It reduced my desire for snacking between meals
. It seemed to reduce my desire for sweets

. | was more quickly satisfied during meals

10. | slept more soundly when taking the product

11. It reduced my sleepiness during the day

Palatability
12. | liked the taste of the product

13. I would like to continue using this product

Figure 2 Weight Control Support Scale.

a placebo or 51.5 mg p-synephrine. The experimental dose
of p-synephrine was determined based on previous studies.

Subjects were instructed to slowly consume one chew
before the largest two meals each day after holding the chew
in their mouths for several minutes before swallowing. At
the end of each study day, subjects recorded the number of
chews they consumed that day and expressed their agreement
or disagreement with the 13-items on the Weight Control
Support Scale (WCSS) shown in Figure 2. The WCSS was
created by the authors for this study based on a review of
the literature cited earlier. Thus each subject was asked
to complete 380 ratings over the study period. Items 1-7
were designed to assess eating and appetite control; items
8-11 to assess energy levels; and items 12 and 13 to assess
palatability. As a measure of safety, subjects were asked to
maintain a daily record of any adverse effects or discomfort
they attributed to the chews.

Statistical methods
The statistical tools used were an analysis of variance
(ANOVA) and a two-tailed #-test. Both were performed using
the built-in functions of Microsoft Excel. Because the study
had multiple subgroups, the first step in the statistical analysis
was to conduct an ANOVA on the four subgroups. An ANOVA
was also conducted on each of the 13 questions separately.
The subgroup using the active product for 30 days was
compared with the subgroup using a placebo for 30 days by
using a f-test. In addition, we compared every other pair of
subgroups using a ¢-test. (Four sub-groups can be paired in
Six ways.)

Finally, we looked at every daily questionnaire from sub-
jects taking the active product at the time that they completed
the questionnaire. That is, we took all the questionnaires
from the group taking the active product, the first 15 days
of questionnaires from the group taking the active product
for the first 15 days, and the last 15 days of questionnaires
from the group taking active product for the last 15 days. We
compared these questionnaires head-to-head using a #-test
with the comparable questionnaires produced by subjects
taking a placebo at the time they completed the questionnaire.

Results

All 40 subjects completed the study and provided 91% of the
requested daily ratings. There were no statistically significant
differences in the number of daily ratings completed by each
of the four study groups. With regard to safety, there were no
adverse events reported by subjects in any of the four subgroups.

The subgroups were designated as follows: “A” is the
subgroup that took active product (p-synephrine) for 30 days;
“B” is the subgroup that took placebo for 30 days; “A/B” is
the subgroup that took active product for 15 days followed
by 15 days of taking a placebo; and “B/A” is the subgroup
that took placebo for 15 days followed by 15 days of taking
the active product.

Table 1 shows the initial ANOVA for the four subgroups.
This table shows that the differences in the four means are
significant and warrant further analysis.

Table 2 shows a breakdown of the results by question.
This table shows that subgroup A, taking only active product
for 30 days, reported significantly higher positive scores on
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the WCSS (p<0.001) than any other group. Furthermore,
the scores on the three WCSS subscales — appetite control,
energy, and palatability — were significantly higher (p<0.001).

Table 3 provides a summary of ANOVA results broken
down question by question. Of the 13 questions, 11 showed

Table | ANOVA — groups A, B, A/B, and B/A.

F p-value F crit
30.08 <0.0001 2.6l

Notes: Total scale score (WCSS). “A” is the subgroup that took active product
(p-synephrine) for 30 days; “B” is the subgroup that took placebo for 30 days; “A/B”
is the subgroup that took active product for 15 days followed by |5 days of taking
a placebo; and “B/A” is the subgroup that took placebo for |5 days followed by 15
days of taking the active product.

Abbreviations: ANOVA, analysis of variance; WCSS, Weight Control Support
Scale.

Table 2 Results by question

a significant p-value, with the majority of those showing
p<0.001. Of the 11 significant questions (p<0.05), three
questions showed the placebo with a better result than the
active chew. Of these, two questions dealt not with efficacy
but with palatability, which indicates that, in future work,
steps should be taken to improve this metric. However, there
was one efficacy question (Q2) which showed a preference
for the placebo. We believe this is an anomaly of the sort that
is reasonably expected with the small sample size associated
with a single question.

A direct comparison between all questionnaires com-
pleted by subjects taking active product (A) compared to
all questionnaires completed by subjects taking a placebo
(B) was made. Subjects taking active product (A) reported

Weight control scale

Mean and SD of rating scores

Between-groups Student’s
t-tests p-values

Grp A Grp B GrpA/IB GrpB/A GrpA GrpA GrpA
vs vs grp Vs grp
grp B A/B B/A
I. It made me feel less hungry before meals M 341 343 3.32 3.28 n/s n/s p=0.05
SsD  0.79 0.79 0.88 0.80
2. It reduced my desire for snacking between meals M 3.40 3.52 3.32 333 n/s n/s n/s
SD 0.78 0.75 0.94 0.75
< 3. It seemed to reduce my desire for sweets M 3.30 3.16 2.98 3.30 p=0.05 p<0.001 nis
8 SD 0.82 0.87 0.92 0.70
S 4.1t reduced my desire for fatty snacks M 3.26 3.17 3.08 3.20 nls p=0.01 n/s
2 D 091 0.79 0.86 0.64
§ 5.1 was more quickly satisfied during meals M 3.59 3.26 3.51 3.27 p<0.001 n/s p<0.001
= SD 0.77 0.74 0.82 0.8l
'% 6. It improved the taste of food M 2.78 2.39 2.63 2.56 p<0.001 p=0.03 p=0.003
- SD 1.0l 0.74 0.64 0.71
7. It increased my appetite control M 3.42 3.24 3.26 3.32 p=0.01 p=0.02 n/s
SD 0.8l 0.77 0.78 0.79
Average eating/appetite control ratings M 33l 3.17 3.16 3.18 p<0.001 p<0.001  p<0.001
SD 0.88 0.85 0.88 0.79
8. It gave me more energy M 2.84 272 2.64 2.70 n/s p=0.01 p=0.04
SD  0.94 0.93 0.74 0.51
9.1 was more alert throughout the day M 2.90 2.74 274 2.72 p=0.05 »=0.03 p=0.01
SD  0.96 0.93 0.80 0.51
5:0 10.1 slept more soundly when taking the product M 3.01 2.77 2.90 277 p=0.002 n/s p<0.001
,_%’ SD  0.79 0.95 0.82 0.52
I'l. It reduced my sleepiness during the day M 2.83 2.62 2.79 2.77 p=0.007 n/s n/s
SD 097 0.86 0.80 0.55
Average energy ratings M 2.89 271 2.77 2.74 p<0.001 p<0.001  p<0.001
SD 092 0.92 0.79 0.52
12.1 liked the taste of the product M 396 423 3.26 3.56 p<0.001 p=0.001  p<0.001
> SD 071 0.45 1.28 0.76
% 13.1 would like to continue using this product M 3.98 422 391 3.85 p<0.001 n/s p=0.04
LE SD 0.87 0.52 0.82 0.68
8- Average palatability ratings M 3.97 4.23 3.59 3.70 p<0.001 p<0.001  p<0.001
SD  0.79 0.48 1.12 0.74

Notes: “A” is the subgroup that took active product (p-synephrine) for 30 days; “B” is the subgroup that took placebo for 30 days; “A/B” is the subgroup that took active
product for 15 days followed by |5 days of taking a placebo; and “B/A” is the subgroup that took placebo for 15 days followed by 15 days of taking the active product.
Abbreviations: Act., active; Grp, group; n/s, not specified; Pla. placebo; SD, standard deviation.
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Table 3 Summary of ANOVA by question

Q p-value A B A/B B/A Comments

| 0.099 341 343 3.32 3.28 Not significant
2 0.014 3.40 3.52 3.32 333 B>A

3 <0.001 3.30 3.16 2.98 3.30 A>B

4 0.059 3.26 3.17 3.08 3.20 Not significant
5 <0.001 3.59 3.26 3.51 3.27 A>B

6 <0.001 2.78 2.39 2.63 2.56 A>B

7 0.035 342 3.24 3.26 3.32 A>B

8 0.028 2.84 2.72 2.64 2.70 A>B

9 0.03 2.90 2.74 2.74 2.72 A>B

10 <0.001 3.0l 2.77 2.90 2.77 A>B

I 0.016 2.83 2.62 2.79 2.77 A>B

12 <0.001 3.96 4.23 3.26 3.56 Palatability

13 <0.001 3.98 4.22 391 3.85 Palatability

Notes: “A” is the subgroup that took active product (p-synephrine) for 30 days; “B”
is the subgroup that took placebo for 30 days; “A/B” is the subgroup that took active
product for 15 days followed by |5 days of taking a placebo; and “B/A” is the subgroup
that took placebo for 15 days followed by 15 days of taking the active product.
Abbreviation: ANOVA, analysis of variance.

a significantly better (p=0.001) overall weight control score
(WCSS) than subjects taking a placebo (B). Table 2 shows
that the sub-scores dealing with eating/appetite control and
energy were also significantly better (p<0.001) for those
taking the active product (A).

Discussion

Based on subject self-reports, the results indicate that the
consumption of chews containing 51.5 mg p-synephrine
twice daily before the two largest meals of the day enhanced
eating/appetite control (p<0.001) and also increased energy
level (p<0.001) Table 1.

With respect to energy production, a single dose of
p-synephrine (51.5 mg) in human subjects exhibited a 65-kcal
increase in resting metabolic rate (RMR) relative to the pla-
cebo group 75 min after oral ingestion.” The addition of the
bioflavonoids naringin and hesperidin to the p-synephrine
further increased the RMR — an increase that was statistically
significant with respect to the placebo control.

Calapai et al" conducted one of the earliest and most
detailed studies on the effects of a bitter orange extract on
food intake. Rats were orally given bitter orange extracts
with two concentrations of p-synephrine (4% and 6%). Dose
and time-dependent decreases in food intake were demon-
strated, clearly indicating the appetite-suppression effects
of these extracts. At a dose of 20 mg/kg of a 6% extract,
food intake by these animals decreased by approximately
40% after 7 days.

A study was conducted involving the tissue lipid-
lowering effects of an infusion of C. aurantium (bitter
orange) and Rauwolfia vomitoria in genetically diabetic

mice." The product was administered orally for 6 weeks.
Significant weight loss was observed in the treated group,
relative to the untreated control group. The most significant
effect was observed over the first few days of treatment
where treated animals consumed less food and drank less
water. Increased lipid mobilization was also observed
in the treated animals. The p-synephrine content of the
product was not reported.

Arbo et al'® treated mice orally for 28 days with a range of
doses of a bitter orange extract containing 7.5% p-synephrine.
A dose-dependent reduction in weight gain was observed.
The authors assessed various antioxidant markers and dem-
onstrated significant antioxidant effects, but did not measure
effects on food intake.

The effect of an immature Citrus peel extract on body
weight gain and food intake was examined in high-fat-diet-
induced obese mice.!” The extract was administered orally
at a dose of 150 mg/kg per day for 70 days. Body weight
gain, adipose tissue weight, serum total cholesterol, and
triglycerides decreased significantly relative to animals fed
the normal diet as well as the high-fat diet. A statistically
significant decrease in food intake was observed relative to
the normal diet, while a small but statistically insignificant
decrease in food intake was observed in the treated animals
relative to the high-fat diet. No information was provided
with regard to chemical composition of the Citrus peel extract
and it is, therefore, not known what may have contributed to
the observed effects.

Although the above studies demonstrate a decrease in
body weight gain and food intake, the mechanism of action of
p-synephrine and bitter orange extract involved in the appetite
suppression is not well understood. Appetite suppression may
be due to several possible mechanisms.

In a rat model involving diet-induced obesity, the
daily oral administration of a combination of bitter orange
(C. aurantium) extract and Rhodiola rosea extract for 10
days resulted in a significant decrease in food intake, a 30%
reduction in visceral white adipose tissue, a 15% increase in
hypothalamic nor-epinephrine, and a 150% increase in frontal
cortex dopamine compared with the pair-fed control group.'®
This study not only demonstrated beneficial effects on food
intake, lipid mobilization, and weight management but also
provided information on the potential mechanism of action.

Kim et al' showed that p-synephrine exhibits antide-
pressant-like effects, and proceeded to characterize these
neurological effects in various murine model systems. The
role of neurotransmitters in appetite suppression is well
known,?*2! and may play a role in the appetite-suppressant
effects of p-synephrine. The appetite suppression may also

Nutrition and Dietary Supplements 2017:9
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be due in part to the antioxidant and/or anti-inflammatory
effects of bitter orange extract and p-synephrine.!¢?

Because bitter orange extracts have traditionally been
used as appetite suppressants and weight-loss products,
several studies®?* have examined the effects of bitter orange
extract and p-synephrine on various anabolic and cata-
bolic pathways in perfused rats. Bitter orange extract and
p-synephrine both increased glycolysis, gluconeogenesis,
and oxygen uptake — actions that are compatible with the
weight-management effects of these ingredients.

The limitations of the study relate to the fact that the
results are based upon perceptions and a questionnaire,
with no comparison to direct outcomes. Furthermore, small
differences in taste of the two products were noted although
the participants did not know which chew was the placebo
or the active test product and were provided no information
that might identify the products. Future longer term studies
should compare appetite suppression, energy, and tolerance
directly with weight loss/weight management or other appro-
priate endpoint as sports performance.

Conclusion

Using a randomized double-blinded placebo-controlled
protocol, this study provides evidence that, as compared to
a placebo group, consumption of a chocolate-flavored chew
containing bitter orange extract (51.5 mg p-synephrine)
15-30 min before the two largest meals of the day (103 mg
p-synephrine per day) for 15 or 30 days was associated with
statistically significant increases in self-reported appetite
control and energy levels without any measurable adverse
effects. These results are consistent with previous studies in
humans and animals that have reported appetite suppression,
increased energy, and decreases in food intake associated with
bitter orange extract, a non-stimulant dietary supplement
containing p-synephrine.
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