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1 | INTRODUCTION
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Abstract

Confusion and misunderstanding exist regarding the lack of cardiovascular and other
adverse health effects of p-synephrine and p-octopamine relative to ephedrine and
m-synephrine (phenylephrine) which are known for their effects on the cardiovascu-
lar system. These four molecules have some structural similarities. However, the
structural and stereochemical differences of p-synephrine and p-octopamine as
related to ephedrine and m-synephrine result in markedly different adrenergic recep-
tor binding characteristics as well as other mechanistic differences which are
reviewed. p-Synephrine and p-octopamine exhibit little binding to a-1, a-2, -1 and
B-2 adrenergic receptors, nor are they known to exhibit indirect actions leading to an
increase in available levels of endogenous norepinephrine and epinephrine at com-
monly used doses. The relative absence of these mechanistic actions provides an
explanation for their lack of production of cardiovascular effects at commonly used
oral doses as compared to ephedrine and m-synephrine. As a consequence, the
effects of ephedrine and m-synephrine cannot be directly extrapolated to p-
synephrine and p-octopamine which exhibit significantly different pharmacokinetic,
and physiological/pharmacological properties. These conclusions are supported by

human, animal and in vitro studies that are discussed.
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systolic blood pressure may occur with an oral dose of 45 mg

(Atkinson, Potts, & Anderson, 2015). Typical intravenous doses in the

The cardiovascular effects of ephedrine and m-synephrine (phenyl-
ephrine) are well known. Both ephedrine and m-synephrine have been
used to treat various causes of hypotension (Dusitkasem, Herndon,
Stahl, Bitticker, & Coffman, 2017). Increases in systolic blood pressure
and decreases in heart rate have been reported with oral doses of m-

synephrine over 15 mg, and approximately a 20 mmHg increase in

range of 0.7-1.0 mg/kg of ephedrine have been used to treat hypo-
tension (Dusitkasem et al., 2017). Due to adverse effects of ephedrine
as tachycardia and palpitations at oral doses as low as 20 mg
(Hackman et al., 2006; Haller & Benowitz, 2000), the use of
ephedrine-containing dietary supplements was prohibited by the
U.S. FDA in 2004.
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Questions have been raised regarding the safety of p-synephrine
due to its structural similarities to ephedrine. Various authors have
assumed that p-synephrine exhibits the same cardiovascular effects as
ephedrine. This conclusion is not supported by approximately 30 peer
reviewed human clinical studies that have shown p-synephrine to be
without cardiovascular or other adverse effects at commonly used
doses in the range of 25-100 mg per day (Stohs, 2017; Suntar, Khan,
Patel, Celano, & Rastrelli, 2018).

It has been widely assumed but without evidence that p-
synephrine may act as a stimulant when consumed orally and thus may
exhibit cardiovascular activity (Anon, 2010; Bakhyia, Dusemund, et al.,
2017, Bakhyia, Ziegenhagen, et al., 2017; Bent, Padula, & Neuhaus,
2004; Fugh-Berman & Myers, 2004; Haaz, Williams, Fontaine, &
Allison, 2010; Health Performance Resource Center, 2015; Inchiosa Jr.,
2011; National Center for Complementary and Integrative Health,
2015; Natural Medicines Comprehensive Database, 2016; OPPS, 2016;
Penzak et al., 2001; Rasmussen & Keizers, 2015). However, none of
these reports critically reviewed the mechanistic studies or the human
clinical studies that have been conducted. The current review addresses
extant information regarding the comparative mechanisms and effects
of ephedrine, p-synephrine, m-synephrine and p-octopamine.

Chemically and structurally, p-synephrine, p-octopamine (nor-syn-
ephrine) and m-synephrine (phenylephrine) are similar to ephedrine
(Figure 1). Ephedrine is a phenylpropanolamine derivative and does
not contain a para-substituted hydroxy group. p-Synephrine and p-
octopamine are phenylethanolamine derivatives with a para-
substituted hydroxyl group. p-Octopamine is the N-demethylated
derivative of p-synephrine. As will be discussed, these two chemical
differences greatly change the stereochemistry, and alter adrenergic
receptor binding characteristics and pharmacokinetic properties.

Confusion exists in the literature because there is also m-
synephrine (phenylephrine) that possesses the hydroxyl group in the
meta-position on the benzene ring as opposed to the para-position

for p-synephrine and p-octopamine (Figure 1). m-Synephrine is a Food
and Drug Administration (FDA)-approved over-the-counter synthetic

drug ingredient used in nasal sprays and decongestants.

2 | SOURCES AND EXPOSURE
The most common commercial source of p-synephrine is Citrus
aurantium L (bitter orange). The commercial growing of bitter orange
began around Seville, Spain in the 12th century and bitter orange was
the only citrus grown in Europe for 500 years. Bitter oranges are
cultivated extensively throughout the Mediterranean, China, India,
Africa, the Middle East, the West Indies and Brazil Humans are widely
exposed to varied concentrations of p-synephrine on a daily basis from
various juices, and food and beverage (orange flavored liqueurs) prod-
ucts from bitter orange, as well as Marrs sweet oranges (Citrus sinensis),
grapefruits (Citrus paradisi), mandarins (Citrus reticulata), clementines
(Citrus clementina) and other orange-related species that contain p-
synephrine. Mandarin oranges juice may contain more than 20 mg
and as much as 40 mg p-synephrine per eight fluid oz glass (Dragull,
Breksa, & Cain, 2008; Uckoo, Jayaprakasha, Nelson, & Pati, 2011).
Various Citrus cultivars are the plant sources with the highest
known concentration of p-octopamine. For example, Meyer lemons
and other lemons as well as mandarin oranges are common sources
(Uckoo et al., 2011; Wheaton & Stewart, 1969). As a consequence,
humans are frequently exposed to p-octopamine. Juices of other Cit-
rus species including Marrs sweet oranges, grapefruits, pummelos (Cit-
rus grandis), tangerines (Citrus tangerina) and clementines contain no
detectable p-octopamine. p-Octopamine also occurs in mollusks, other
invertebrates and various other animals (Stohs, 2015). In humans, it is
produced in the brain and nerve tissues in trace amounts, and may act
as a neurotransmitter precursor and neuromodulator as well as a bio-
marker for neurological disorders (Shi et al., 2016; Stohs, 2015).

FIGURE 1 Chemical structures of p-
synephrine, m-synephrine, p-octopamine
and ephedrine
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Ephedra (Ephedra sinica, ma huang) has been used medicinally in
China for over 5,000 years (Abourashed, El-Alfy, Khan, & Walker,
2003; Trease & Evans, 1966). Ephedrine, the primary active constitu-
ent in ephedra, is derived from the aboveground parts of the plant
and related species, but can also be chemically synthesized. Most
prominent sources of ephedra and ephedrine are from China, India
and Pakistan (Abourashed et al., 2003). The use of ephedra in dietary
supplements is banned in the United States by the FDA, although it
can be used in traditional Chinese medicine. As a drug, ephedrine is
used to treat or prevent hypotension (Dusitkasem et al., 2017), and
has been used for asthma, obesity and narcolepsy (Abourashed et al.,
2003; Trease & Evans, 1966).

As noted above, m-synephrine is derived by chemical synthesis
and does not occur naturally in Citrus or other plant genera (Arbo
et al., 2008; Avula, Upparapalli, Navarrete, & Khan, 2005; Mattoli
et al., 2005; Mercolini et al., 2010; Nelson, Putzbach, Sharpless, &
Sander, 2007; Pellati & Benvenuti, 2007; Pellati, Benvenuti, &
Melegari, 2004, 2005; Pellati, Benvenuti, Melegari, & Firenzuoli,
2002; Roman, Betz, & Hildreth, 2007; Tsujita & Takaku, 2007), which
is contrary to suppositions in various articles and reviews (Bent et al.,
2004; Haaz et al., 2010; Penzak et al.,, 2001; Rossato et al., 2010;
Smedema & Muller, 2008; Stephensen & Sarlay Jr., 2009).

3 | MECHANISTIC STUDIES

Cardiovascular effects of ligands are associated with direct adrenergic
receptor binding and/or through indirect effects as the release of nor-
epinephrine and epinephrine. In general, vasoconstriction occurs
when ligands bind to a-adrenergic receptors, while binding to p-1
adrenergic receptors result in myocardial contractility and increased
heart rate. Ligand binding to p-2 adrenergic receptors is associated
with bronchodilation (Inchiosa Jr., 2011). #-3 adrenoreceptors are
located in white and brown adipose tissues and muscles as well as
other tissues, and their activation results in various metabolic effects
such as increases in lipolysis, and improvements in insulin resistance,
glycemic control and lipid profiles (Coman et al., 2009).

Ephedrine exhibits multiple mechanisms of action consisting of an
indirect effect which involves the release of norepinephrine and epi-
nephrine as well as a direct effect on adrenergic receptors (Andraws,
Chawla, & Brown, 2005; Diepvens, Westerterp, & Westerterp-
Plantenga, 2007; Haller & Benowitz, 2000; Inchiosa Jr., 2011; Mund &
Frishman, 2013). Through the indirect effect of ephedrine, norepineph-
rine and epinephrine act on a-1, $-1, and -2 adrenergic receptors to
produce cardiovascular affects, while interacting with -3 adrenergic
receptors to promote thermogenesis (Mund & Frishman, 2013).
Ephedrine also acts directly on all these adrenergic receptors to pro-
duce thermogenesis and cardiovascular effects (Andraws et al., 2005;
Diepvens et al., 2007; Haller & Benowitz, 2000; Inchiosa Jr., 2011).

The ability of ephedrine to act as an adrenergic agonist was stud-
ied in rat lung cell membranes (Jiang, Liu, Wang, Zhan, & Shu, 1987).
Ephedrine binding was approximately 20-fold greater than its enantio-

meric form pseudoephedrine to adrenergic receptors. No distinction

was made between -1 and B-2 receptors (Jiang et al., 1987). The abili-
ties of ephedrine and pseudoephedrine to bind to (-2 adrenergic recep-
tors have also been studied (Li et al., 2014). The authors concluded that
the differences in the association constants accounted for the differ-
ences in the pharmacological potencies of the two compounds.

The immunochemical identification of -3 adrenergic receptors in
various tissues of obese human subjects treated with ephedrine was
determined by De Matteis et al. (2002). Ephedrine administration
increased the expression of p-3 adrenergic receptors in obese sub-
jects, with the detection of these receptors in adipocytes and ventric-
ular myocardium as well as smooth muscle of the gall bladder, colon,
ileum and prostate. The authors also concluded that the “expression
in ventricular myocardium is consistent with the evidence that the p-3
adrenergic receptor mediates a negative inotropic effect on this tis-
sue”. These results are consistent with the well-known ability of the
ability of ephedrine to suppress appetite and facilitate weight man-
agement and weight loss (Hackman et al., 2006).

The role of thioredoxin-1 expression in the effects of ephedrine
was studied in rat pheochromocytoma PC-12 cells in culture, provid-
ing insight into the cellular and molecular mechanisms of action.
Thioredoxin-1 is a redox regulating protein with various biological
activities including the regulation of DNA binding transcription factor
and consequent neuroprotection. This study also demonstrated that
ephedrine induced thioredoxin-1 expression through a -2 adrenergic
receptor/cyclic AMP/protein kinase/dopamine- and cyclic AMP-
regulated phosphoprotein signaling pathway, but did not involve g-1
adrenergic receptor binding (Jia, Zeng, Li, Ma, & Bai, 2013).

Brown et al. (1988) observed that [R-(=)] stereoisomers (I-forms)
of both p-synephrine and p-octopamine were approximately
1,000-fold less active in binding to rat aorta a-1 adrenergic receptors
and a-2 adrenergic receptors from rabbit saphenous vein than norepi-
nephrine. m-Synephrine (phenylephrine) binding was 150-fold and six-
fold less, respectively, to these two receptors than norepinephrine.
The [S-(+)] stereoisomers (d-forms) of p-octopamine and p-synephrine
exhibited over 100-fold lower binding actives than the [R-(-)] stereo-
isomers (I-forms) to a-1 and a-2 adrenergic receptors.

Ma, Bavadekar, Schaneberg, Khan, and Feller (2010) concluded
that p-synephrine acts as an antagonist rather than an agonist with
respect to human a-2a- and a-2c adrenergic receptors. Furthermore,
p-synephrine was approximately 50-fold less potent in activating
human a-1a adrenergic receptors. Several studies have concluded that
the hydroxyl group in the para position of the ring as occurs in p-
synephrine decreases adrenergic receptor binding and the subsequent
cardiovascular effects (Ma et al., 2010; Mukherjee, Caron, Mullikin, &
Lefkowitz, 1976). Jordan, Thonoor, and Williams (1987) concluded
that p-synephrine bound to the -1 and B-2 adrenergic receptor about
10,000-fold or less actively than norepinephrine in guinea pig atria
and trachea.

Carpene' et al. (1999) examined the lipolytic activity of a number
of potential -3 adrenergic receptor agonists including p-synephrine,
p-octopamine and noradrenaline (norepinephrine) in white fat cells
from hamsters, rats, dogs, humans and guinea pigs. p-Octopamine was

the most selective for p-3 adrenergic receptors, stimulating lipolysis in
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rat, hamster and dog adipocytes. p-Octopamine was the only amine
the authors studied that fully stimulated lipolysis in rat, hamster and
dog fat cells, but was ineffective in human and guinea pig fat cells. p-
Synephrine was partially active in stimulating lipolysis in all species
while tyramine, dopamine, and g-phenylethylamine exhibited no activ-
ity. The authors concluded that p-octopamine was the most selective
agonist for p-3 adrenergic receptors. These studies demonstrated
marked differences in adrenergic receptor binding among the various
biogenic amines that were assessed.

In a subsequent study, the lipolytic activity of p-synephrine, p-
octopamine, tyramine and N-methyltyramine were compared in rat
and human adipocytes based on B-3 adrenergic receptor binding
(Mercader, Wanecq, Chen, & Carpene, 2011). In rat fat cells, at a con-
centration of 10 pug/ml both p-synephrine and p-octopamine exhibited
approximately 60% of the lipolytic activity of 1 nM/ml of isoprenaline
while tyramine and N-methyltyramine exhibited no effect or were
weakly antagonistic. In human adipocytes, 10 pg/ml of both p-syn-
ephrine and p-octopamine exhibited approximately 10% of the lipo-
lytic activity of 1 pM/ml of isoprenaline. Various studies indicate that
N-methyltyramine acts as an a-adrenergic receptor antagonist while
promoting appetite and inhibiting lipolysis, effects counter to those of
ephedrine, p-synephrine and p-octopamine (Stohs & Hartman, 2015).

An extension of previous studies affirmed that the adrenergic
receptor binding of p-synephrine and p-octopamine in rodents was at
least 10-fold greater than in humans while tyramine and N-
methyltyramine exhibited no binding activity (Carpene', Testar, & Car-
pene', 2014). In fact, half-maximal lipolysis stimulation was achieved
with a 100-fold lower dose of p-octopamine in mouse adipocytes as
compared to human adipocytes. These results indicate that mice may
be much more responsive to p-octopamine than p-synephrine and
support previous observations that effects produced in rodents at
specific doses cannot be directly extrapolated to humans (Mercader
et al,, 2011). In this study, high concentrations p-synephrine and p-
octopamine were shown to activate glucose transport in human fat
cells.

Several studies have examined the effects of p-synephrine on car-
bohydrate metabolism in perfused rat liver (de Oliveira, Comar, de Sa-
Nakanishi, Peralta, & Bracht, 2014; Peixoto et al., 2012). p-Synephrine
increased glycogenolysis, glycolysis, oxygen uptake, glucose output
and perfusion pressure. These effects were shown to be at least in
part mediated by o- and p-adrenergic signaling, while requiring the
simultaneous participation of both cAMP and Ca?* (de Oliveira et al.,
2014). The authors concluded that most of the actions of p-
synephrine were catabolic.

Neuromedin U2 receptor (NMUR?2) is present in the hypothalamic
regions of the brain and is involved in the regulation of energy bal-
ance, food intake, nociception and stress (Zheng, Guo, Wang, & Deng,
2014). As was demonstrated in NMUR2 negative and short hairpin
RNA knockdown HEK293 cell lines, p-synephrine binds to this recep-
tor with high efficacy and potency. The ability of p-synephrine to sup-
press appetite and enhance eating control has been affirmed in
humans (Kaats, Leckie, Mrvichin, & Stohs, 2017) and animals (Arbo
et al., 2009). How well p-synephrine can cross the blood brain barrier

to achieve functional concentrations and bind to NMUR2 has not
been specifically determined, nor have studies been reported regard-
ing the ability of ephedrine, m-synephrine and p-octopamine to across
the blood brain barrier. However, ephedrine can be detected in rat
brain following its administration (Song et al., 2014) and the neurologi-
cal effects of ephedrine are well known, thus demonstrating that it is
able to cross the blood brain barrier.

In an in vitro study, the effect of p-synephrine on glucose con-
sumption and its mechanism of action were determined in L6 skeletal
muscle cells in culture (Hong et al, 2012). p-Synephrine dose-
dependently increased basal glucose consumption by over 50%
relative to controls, and had no effect on cell viability. The increased
glucose consumption by p-synephrine involved Glut4-dependent
glucose uptake that in turn was dependent upon p-synephrine stimu-
lation of AMP-activated protein kinase phosphorylation.

The effects of p-synephrine on lipid accumulation and glucose
production have been assessed in H411E rat liver cells (Cui, Lee,
Lee, & Park, 2014). p-Synephrine dose-dependently decreased glucose
production, and a- and B-adrenergic receptor antagonists did not alter
this effect. These results indicated that the effects of p-synephrine on
gluconeogenesis did not require involvement of adrenergic receptors.

Several studies have demonstrated the anti-inflammatory activity
of p-synephrine. p-Synephrine suppressed lipopolysaccharide-induced
acute lung injury in mice by reducing the number of inflammatory cells
in the lungs, decreasing the levels of reactive species, enhancing
superoxide dismutase activity, decreasing tumor necrosis alpha and
interleukin-6 (IL-6), and increasing IL-10 (Wu et al., 2014). In normal
human fibroblasts and NIH/3 T3 mouse fibroblasts in culture, p-
synephrine inhibited IL-4-induced eotaxin-1 expression through the
inhibition of signal transducer and activator of transcription (STAT6)
phosphorylation which acts as a signal transducer immediately down-
stream from IL-4 (Roh et al., 2014). Eotaxin-1 is a potent chemo-
attractant and mediator for eosinophils which are associated with
inflammation. STATé is critical in activating cytokine gene expression
and cytokine signaling in immune and target tissue cells. p-Synephrine
also inhibited eosinophil recruitment induced by eotaxin-1 over-
expression. m-Synephrine had little effect on eotaxin-1 induction and
therefore little anti-inflammatory activity. These results indicated that
p-synephrine exerts anti-inflammatory effects at least in part by
inhibiting eotaxin-1 expression (Roh et al., 2014). Arbo et al. (2009)
reported that in mouse livers p-synephrine exhibited antioxidant and
tissue protective activities by enhancing reduced glutathione content,
decreasing glutathione peroxidase activity and increasing catalase
activity.

In a study involving isolated adipocytes from rats, Yen, Li, Hsu,
Lee, and Cheng (1998) showed that concentrations of 0.01-0.10 nmol
p-octopamine activated p-3 adrenergic receptors to lower glucose
uptake into adipocytes and increase cAMP. The involvement of $-3
adrenergic receptors was confirmed by using a -3 adrenergic receptor
specific antibody, a specific agonist of B-3 adrenergic receptors
(BRL37344), and the B-adrenergic antagonists pindolol and propranolol.

In a study in isolated rat fat cells, the lipolytic activity of p-
octopamine and tyramine were shown to be approximately 100-fold
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less than norepinephrine (Nakano, Ishii, Cole, & Oliver, 1969). p-
Octopamine failed to exhibit p-adrenergic activity in rats as deter-
mined by initiation of thirst and increase in tail skin temperature
(Fregly, Kelleher, & Williams, 1979). The relative a-adrenergic activity
of p-octopamine was 2,000-fold less than norepinephrine (Fregly
et al,, 1979). In a study involving contractile response of rat vascular
smooth muscle, the potencies of p-octopamine and m-synephrine rel-
ative to norepinephrine were determined to be 400-fold less active
and about one-third as active, respectively, clearly demonstrating the
greater adrenergic activity of m-synephrine than p-octopamine (Ress,
Rahmani, Fregly, Field, & Williams, 1980).

A group of G protein-coupled receptors known as trace amine-
associated receptors (TAAR) have been identified in recent years in
various human and animal tissues, and serve as neuromodulators
(Berry, Gainetdinov, Hoener, & Shahid, 2017; Borowsky et al., 2001;
Bunzow et al., 2001; Gainetdinov, Hoener, & Berry, 2018; Khan &
Nawaz, 2016; Pei, Asif-Malik, & Canales, 2016; Rutigliano,
Accorroni, & Zucchi, 2018). Because they are present in much smaller
amounts than the predominant neurotransmitters, the amines which
interact with these receptors are referred to as “trace amines”. The
most prominent biogenic amines which interact with TAAR include p-
octopamine, tyramine, tryptamine and f-phenylethylamine (Pei et al.,
2016; Rutigliano et al., 2018), although N-methyltyramine, p-
synephrine and 3-iodothyronamine have also been included as trace
amines (Khan & Nawaz, 2016). Ephedrine is not considered a trace
amine and is not found in the human nervous system. Whether it
interacts with TAARs is not known.

Humans possess six functional isoforms (subtypes) of TAAR,
namely, TAAR1, TAAR2, TAAR5, TAAR6, TAAR8 and TAAR9
(Gainetdinov et al., 2018). Of these isoforms, TAAR1 has been the
most extensively studied and may be the most important (Pei et al.,
2016; Rutigliano et al., 2018). TAAR1 has been shown to be a neuro-
modulator of dopaminergic, serotonergic and glutamatergic neuro-
transmission, and thus has profound physiological, pathophysiological
and pharmacological implications (Gainetdinov et al., 2018; Pei et al.,
2016; Rutigliano et al., 2018).

The TAARs constitute another mechanism whereby p-synephrine
and p-octopamine as well as N-methyltyramine and tyramine may
exert various physiological and pharmacological effects either by act-
ing as neurotransmitter precursors or neuromodulators, and serve as
biomarkers. For example, the circulating levels of p-synephrine are
increased in Parkinson's disease patients while norepinephrine levels
are decreased as compared to normal healthy individuals (D'Andrea
et al., 2019).

The potential mechanism of action of trace amines and the possi-
ble role of TAARs has been studied in porcine coronary and mesen-
teric arteries (Koh, Chess-Williams, & Lohning, 2019). The authors
concluded that contractile responses in coronary artery involved
activity of al-adrenergic receptors and TAARs other than TAAR-1. In
contrast, the contractile responses of trace amino acids on the mesen-
teric artery appeared to involve indirect sympathomimetic activities
and direct action on al-adrenergic receptors. Concentrations of 10~°

and 10~* M of p-synephrine, p-octopamine and tyramine used in this

study were up to 15-20 fold greater than blood levels of approxi-
mately 10 ng/ml as determined by high performance liquid chroma-
tography following a typical 50 mg dose of p-synephrine (Shara,
Stohs, & Mukattash, 2016), and therefore, non-physiological. No car-
diovascular or other adverse effects have been observed in over
30 controlled human studies involving typical oral doses of p-
synephrine in the range of 25-100 mg (Stohs, 2017).

The above described in vitro studies indicate that p-synephrine
and p-octopamine exhibit effects involving a variety of mechanisms in
addition to selective binding to some adrenergic receptors with lim-

ited involvement of a- and $-1 and p-2 adrenergic receptors.

4 | DISCUSSION AND CONCLUSIONS

The above studies indicate that p-synephrine and p-octopamine cannot
be equated with m-synephrine or ephedrine and the effects of ephed-
rine cannot be extrapolated to p-synephrine or p-octopamine due to
structural and stereochemical differences which greatly alter receptor
binding characteristics, pharmacokinetic properties and the pharmaco-
logical/physiological effects produced. At the doses commonly used, p-
synephrine and p-octopamine do not produce adverse effects such as
an increase in heart rate or blood pressure that are characteristic of
ephedrine and possibly m-synephrine (Ratamess et al., 2018; Shara,
Stohs, & Smadi, 2017; Stohs, 2017; Suntar et al., 2018).

The structural differences result in marked differences in
pharmacokinetic properties. For example, first pass extraction of p-
synephrine is greater than p-octopamine following oral administration
(Da Silva-Pereira et al., 2016). The half-life of ephedrine following oral
administration in humans is approximately 6-7 hr (Csajka, Haller,
Benowitz, & Verotta, 2005; Pickup, May, SSendagire, & Paterson,
1976), while the half-lives of p-synephrine (Hengtmann & Aulepp,
1978; Haller et al., 2005, 2008) and m-synephrine (Golette, 2018;
Golette & Zimmerman, 2015) are 2-3 hr and 1-2 hr, respectively. No
studies on p-octopamine half-life were found.

Sympathomimetic agents vary broadly in their abilities to activate
adrenergic receptors, and therefore it should not be assumed that sub-
stances with some structural similarity will have similar effects
(Westfall & Westfall, 2014). Human and animal studies have shown
that adverse effects on blood pressure and heart rate are not associ-
ated with p-synephrine at commonly used doses (Ratamess et al., 2018;
Shara et al., 2017; Stohs, 2017; Suntar et al., 2018) The lack of cardio-
vascular effects in association with p-synephrine and p-octopamine are
due to the fact that both p-synephrine and p-octopamine bind much
more poorly to a-1, a-2, p-1 and p-2 adrenergic receptors than other
adrenergic agonists as ephedrine, norepinephrine and m-synephrine,
and also exhibits poor indirect effects (Stohs, 2017; Stohs & Badmaeyv,
2016; Stohs, Preuss, & Shara, 2011). In addition, as described above,
there are other differences in the mechanisms of action of p-syn-
ephrine, ephedrine and m-synephrine. The effects of p-octopamine are
similar to p-synephrine (Marles, 2011).

Various studies have shown that p-synephrine binds to -3 adren-

ergic receptors, resulting in an increase in the body's ability to
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breakdown fats (Carpene' et al., 1999; Carpene' et al., 2014; Mercader
et al., 2011). Binding to p-3 adrenergic receptors does not influence
heart rate or blood pressure, although it may be speculated that car-
diovascular down-regulation due to -3 adrenergic receptor binding
may result in small decreases in diastolic blood pressure, which has
been demonstrated (Ratamess et al., 2018; Shara et al., 2016).
Because p-synephrine exhibits little or no binding to a-1, a-2, -1 and
-2 adrenergic receptors, cardiovascular effects as an increase in heart
rate and blood pressure are not experienced at commonly used doses
of p-synephrine, unlike a number of other phenylethylamine and
phenylpropylamine derivatives including ephedrine.

Because p-synephrine and p-octopamine bind at least 10 times
more readily to o-1, a-2, f-1 and p-2 adrenergic receptors from
rodents than humans (Carpene' et al., 1999; Carpene’ et al., 2014;
Mercader et al., 2011), the small but clinically insignificant cardiovas-
cular effects seen in rodents at high doses (Hansen et al., 2012, 2013;
Hansen, Juliar, White, & Pellicore, 2011) cannot be extrapolated to
humans. As a consequence, based on these receptor binding studies,
cardiovascular effects are not predicted or expected to occur in
humans.

It is of interest that the U.S. FDA has placed p-octopamine, N-
methyltyramine and hordenine on its list of ingredients that do not
appear “to be lawful ingredients in dietary supplements” (FDA, 2019).
The reason for this designation is not clear, particularly in light of the
fact that safety does not appear to be an issue. Bitter orange extracts
standardized to p-synephrine may contain small amounts of the minor
protoalkaloids p-octopamine, N-methyltyramine, tyramine and
hordenine typically in amounts of approximately 0-1, 2-3, 0-1 and
0-1%, respectively, of the total protoalkaloidal content (Stohs, 2015).
Thus, the sum of these minor alkaloids represents less than 6% of the
total protoalkaloidal content of extracts. Furthermore, as previously
noted, p-octopamine occurs widely in citrus specie with the most
common source being lemons (Citrus limon) Uckoo et al., 2011). As a
consequence, humans are widely exposed to p-octopamine with no
known adverse effects.

The presence of N-methyltyramine and hordenine in germinated
barley is well known, and they have been shown to occur in various
beers in the ranges of 0.6-4.6 and 1.0-6.3 mg/L, respectively
(Sommer et al., 2019). Therefore, these two protoalkaloids are very
widely consumed throughout the world with no known adverse
effects. Hordenine showed no changes in heart rate, respiratory rate,
body temperature or behavior when given orally at a dose of 2 mg/kg
to horses (a dose of 1,000 mg for an average 500 kg horse). There-
fore, no effect would be projected in a human that consumed several
mg of N-methyltyramine and hordenine from a typical dose of an
average beer or a standardized bitter orange extract.

N-Methyltyramine is rapidly absorbed and undergoes N-
demethylation to tyramine followed by rapid oxidative deamination.
N-Methyltyramine and tyramine have no effect or are both weak
adrenergic antagonists (inhibitors) with respect to fat metabolism and
as compared to p-synephrine and p-octopamine which exhibit adren-
ergic agonist activity (Mercader et al., 2011). The indirect sympatho-

mimetic effects of tyramine have been well demonstrated in animal

and in vitro studies (Khwanchuea, Mulvany, & Jansakul, 2008; Koh
et al., 2019). However, no adverse effects have been observed after
dietary exposure to 600 mg tyramine in normal healthy individuals
(EFSA, 2011). Tyramine has an LDsq in rats greater than 2000 mg/kg
(Til, Falk, Prinsen, & Willems, 1997), indicating a low acute toxicity.

How exogenously administered p-octopamine and p-synephrine
influence TAARs is not clear. Because both undergo very rapid and
extensive hepatic first pass extraction and metabolism (da Silva-
Pereira et al., 2016), it is very possible that small amounts of orally
ingested p-synephrine and p-octopamine reach neurological tissues
and TAARs. The rapid extraction and metabolism may also account
for the lack of observed adverse effects.

In summary, small structural and stereochemical differences
between p-synephrine, p-octopamine, m-synephrine and ephedrine as
well as epinephrine and norepinephrine result in markedly different
receptor binding and physiological/pharmacological properties. There-
fore, the effects associated with one of these compounds cannot be
extrapolated to others.

ACKNOWLEDGEMENT
This review was conducted under a grant from Innophos LLC,
259 Prospect Plains Road, Cranbury, NJ 08512 USA.

CONFLICT OF INTEREST
SJS has served as a consultant for Innophos LLC. SDR and MS have
no potential conflicts of interest to report.

ORCID

Sidney J. Stohs = https://orcid.org/0000-0001-5575-5759

REFERENCES

Abourashed, E. A, EI-Alfy, A. T., Khan, I. A., & Walker, L. (2003). Ephedra
in perspective: A current review. Phytotherapy Research, 17, 703-712.

Andraws, R., Chawla, P., & Brown, D. L. (2005). Cardiovascular effects of
ephedra alkaloids: A comprehensive review. Progress in Cardiovascular
Diseases, 47, 217-225.

Anon. (2010). Dangerous supplements. What you don't know about these
12 ingredients could hurt you. Consumer Reports, September, 16-20.

Arbo, M. D., Larentis, E. R, Linck, V. M., Aboy, A. L., Pimentel, A. L.,
Henriques, A. T., ... Limberger, R. P. (2008). Concentrations of p-syn-
ephrine in fruits and leaves of citrus species (Rutaceae) and the acute
toxicity testing of Citrus aurantium extract and p-synephrine. Food and
Chemical Toxicology, 46, 2770-2775.

Arbo, M. D., Schmitt, G. C., Limberger, M. F., Charao, M. F., Moro, A. M.,
Ribeiro, G. L., ... Limberger, R. P. (2009). Subchronic toxicity of Citrus
aurantium L (Rutaceae) extract and p-synephrine in mice. Regulatory
Toxicology and Pharmacology, 54, 114-117.

Atkinson, H. C., Potts, A. L., & Anderson, B. J. (2015). Potential cardiovas-
cular adverse events when phenylephrine is combined with paraceta-
mol: Simulation and narrative review. European Journal of Clinical
Pharmacology, 71, 931-938.

Avula, B., Upparapalli, S. K., Navarrete, A., & Khan, I. A. (2005). Simulta-
neous quantification of adrenergic amines and flavonoids in
C. aurantium, various citrus species, and dietary supplements by liquid
chromatography. Journal of AOAC Inernational, 88, 1593-1606.

Bakhyia, N., Dusemund, B., Richter, K., Lindtner, O., Hirsch-Ernst, K. I,
Schafer, B., & Lampen, A. (2017). Gesundheitliche risiken von


https://orcid.org/0000-0001-5575-5759
https://orcid.org/0000-0001-5575-5759

B4 | WILEY

STOHS ET AL

synephrin in nahrungserganzungsmitteln. Bundesgesundheitsblatt Ges-
undheitsforschung Gesundheitsschutz, 30, 323-331. https://doi.org/10.
1007/s00103-016-2506-5

Bakhyia, N., Ziegenhagen, R., Hirsch-Ernst, K. I., Dusemund, B., Richter, K.,
Schultrich, K., ... Lampen, A. (2017). Phytochemical compounds in
sports nutrition: Synephrine and hydroxycitric acid (HCA) as examples
for evaluation of possible health risks. Molecular Nutrition & Food
Research. 61, https://doi.org/10.1002/mnfr.201601020

Bent, S., Padula, A., & Neuhaus, J. (2004). Safety and efficacy of Citrus
aurantium for weight loss. The American Journal of Cardiology, 94,
1359-1361.

Berry, M. D., Gainetdinov, R. R., Hoener, M. C., & Shahid, M. (2017). Phar-
macology of human trace amine-associated receptors: Therapeutic
opportunities and challenges. Pharmacology & Therapeutics, 180,
161-180.

Borowsky, B., Adham, N., Jones, K. A, Raddaz, R., Artymyshyn, R., &
Ogozalek, K. L. (2001). Trace amines: Identification of a family of mam-
malian G protein-coupled receptors. Proceedings of the National Acad-
emy of Sciences of the United States of America, 98, 8966-8971.

Brown, C. M., McGrath, J. C., Midgley, J. M., Muir, A. G., O'Brien, J. W.,
Thonoor, C. M,, ... Wilson, V. G. (1988). Activities of octapamine and
synephrine stereoisomers on alpha-adrenoreceptors. British Journal of
Pharmacology, 93, 417-429.

Bunzow, J. R, Sonders, M. S. Arttamangku, S. Harrison, L. M,
Zhang, G. E., Quigley, D. I, ... Grandy, D. K. (2001). Amphetamine,
3, 4-methylenedioxyamphetamine, lysergic acid diethylamide, and
metabolites of the catecholamine neurotransmitters are agonists of
the rat trace amine receptor. Molecular Pharmacology, 60, 1181-1188.

Carpene', C., Galitzky, J., Fontana, E., Algie, C., Lafontan, M., & Berlan, M.
(1999). Selective activation of beta3-adrenoreceptors by octopamine:
Comparative studies in mammalian fat cells. Naunyn-Schmiedeberg's
Archives of Pharmacology, 359, 310-321.

Carpene', M. A, Testar, X., & Carpene', C. (2014). High doses of synephrine
and octopamine activate lipolysis in human adipocytes, indicating that
amines from Citrus might influence adiposity. In K. Hayat (Ed.), Citrus
(pp. 141-168). Hauppauge, NY USA: Nova Science Publishers Inc.
Chapter 8.

Coman, O. A, Palinescu, H., Ghita, I., Coman, L., Badararu, A., & Fulga, I.
(2009). Beta 3 adrenergic receptors: Molecular, histological, functional
and pharmacological approaches. Romanian Journal of Morphology and
Embryology, 5, 169-179.

Csajka, C., Haller, C. A., Benowitz, N. L., & Verotta, D. (2005). Mechanistic
pharmacokinetic modeling of ephedrine, norephedrine and caffeine in
healthy subjects. British Journal of Clinical Pharmacology, 59, 335-345.

Cui, Z., Lee, Y, Lee, Y., & Park, D. (2014). p-Synephrine suppresses glucose
production but not lipid accumulation in H4IIE liver cells. Med. Food,
18,1-7.

D'Andrea, G., Pizzolato, G., Gucciardi, A., Stoccero, M., Giordano, G.,
Baraldi, E., & Leon, B. A. (2019). Different circulating trace amine pro-
files in de novo and treated Parkinson's disease patients. Scientific
Reports, 9, 6151. https://doi.org/10.1038/s41598-019-42535-w

Da Silva-Pereira, J. F., Bubna, G. A, Goncalves Gde, A. Bracht, F.,
Peralta, R. M., & Bracht, A. (2016). Fast hepatic biotransformation of
p-synephrine and p-octopamine and implication for their oral intake.
Food & Function, 7, 1483-1491.

De Matteis, R., Arch, J. R, Petroni, M. I. L., Ferrari, D., Cinti, S., &
Stock, M. J. (2002). Immunohistochermical identification of the beta
(3)-adrenoceptor in intact human adipocytes and ventricular myocar-
dium: Effect of obesity and treatment with ephedrine and caffeine.
International Journal of Obesity and Related Metabolic Disorders, 26,
1442-1450.

de Oliveira, A. L., Comar, J. F., de Sa-Nakanishi, A. B., Peralta, R. M., &
Bracht, A. (2014). The action of p-synephrine on hepatic carbohy-
drate metabolism and respiration occurs via both Ca(2+)-mobilization

and cAMP production. Molecular and Cellular Biochemistry, 388,
135-147.

Diepvens, K., Westerterp, K. R., & Westerterp-Plantenga, M. S. (2007).
Obesity and thermogenesis related to consumption of caffeine, ephed-
rine, capsaicin, and green tea. American Journal of Physiology-Regula-
tory, Integrative and Comparative Physiology, 292, R77-R85.

Dragull, K., Breksa, A. P., & Cain, B. (2008). Synephrine content of juice
from Satsuma mandarins (Citrus unshiu Marcovitch). Journal of Agricul-
tural and Food Chemistry, 56, 8874-8878.

Dusitkasem, S., Herndon, B. H., Stahl, D. L., Bitticker, E., & Coffman, J. C.
(2017). Comparison of phenylephrine and ephedrine in treatment of
spinal=induced hypotension in high-risk pregnancies: A narrative
review. Frontiers in Medicine (Lausanne), 4, 2. https://doi.org/10.3389/
fmed.2017.00002

EFSA (European Food Safety Authority) Panel. (2011). Scientific opinions
on risk-based control of biogenic amine formation in fermented foods.
EFSA Journal, 9(2393), 93.

FDA. Dietary supplement ingredient advisory list. 2019. Retrieved from http://
52027422842 t.en25.com/e/er?utm_campaign=N-Methyltyramine%
20and%200ctopamine%20Dietary%20Supplement%20Ingredient%
20Advisory%20List%2006242019&utm_medium=email&utm_source=
Eloqua&s=2027422842&Iid=8497&elqTrackld=
B19A0B25541753667ED3ECD64389094E&elq=
4595044c3fd74101aedd5423e057ca07 &elgaid=8508&elgat=1

Fregly, M. J., Kelleher, D. L., & Williams, C. M. (1979). Adrenergic activity
of ortho-, meta-, and Para-octopamine. Pharmacology, 18, 180-187.

Fugh-Berman, A., & Myers, A. (2004). Citrus aurantium, an ingredient of
dietary supplements marketed for weight loss: Current status of clini-
cal and basic research. Experimental Biology and Medicine, 229,
698-704.

Gainetdinov, R. R., Hoener, M. C., & Berry, M. D. (2018). Trace amines and
their receptors. Pharmacological Research, 70, 549-620.

Golette, C. K. (2018). An open-label, randomized, four-treatment crossover
study evaluating the effects of salt form, acetaminophen, and food on
the pharmacokinetics of phenylephrine. Regulatory Toxicology and
Pharmacology, 95, 333-338.

Golette, C. K., & Zimmerman, B. A. (2015). Pharmacokinetics, safety, and
cardiovascular tolerability of phenylephrine HCI 10, 20, and 30 mg
after a single oral administration in healthy volunteers. Clinical Drug
Investigation, 35, 547-558.

Haaz, S., Williams, K. Y., Fontaine, K. R., & Allison, D. R. (2010). Bitter
Orange. In P. M. Coates, M. R. Blackman, G. M. Cragg, M. Levine,
J. Moss, & J. D. White (Eds.), Encyclopedia of dietary supplements (2nd
ed., pp. 52-59). New York, NY: Marcel Dekker.

Hackman, R. M., Havel, P. J.,, Schartz, H. J., Watnik, M. R., Noceti, E. M.,
Stohs, S. J., ... Keen, C. L. (2006). Multi-nutrient supplement containing
ephedra and caffeine causes weight loss and improves metabolic risk
factors in obese women: A randomized controlled study. International
Journal of Obesity, 30, 1545-1556.

Haller, C. A., & Benowitz, N. L. (2000). Adverse cardiovascular and central
nervous system events associated with dietary supplements con-
taining ephedra alkaloids. The New England Journal of Medicine, 343,
1833-1838.

Haller, C. A., Benowitz, N. L., & Peyton, Ill J. (2005). Hemodynamic effects
of ephedra-free weight loss supplements in humans. Amer J Med, 118,
998-1003.

Haller, C. A., Duan, M., Peyton, J. lll, & Benowitz, N. (2008). Human phar-
macology of aperformance-enhancing dietarysupplement under rest-
ing and exercise conditions. Brit J Clin Pharmacol, 65, 833-840.

Hansen, D. K., George, N. I, White, G. E., Pellicore, L. S., Abdel-
Rahman, A., Fabricant, D., & Food and Drug Administration. (2012).
Physiological effects following administration of Citrus aurantium
for 28 days in rats. Toxicology and Applied Pharmacology, 261,
236-247.


https://doi.org/10.1007/s00103-016-2506-5
https://doi.org/10.1007/s00103-016-2506-5
https://doi.org/10.1002/mnfr.201601020
https://doi.org/10.1038/s41598-019-42535-w
https://doi.org/10.3389/fmed.2017.00002
https://doi.org/10.3389/fmed.2017.00002
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1
http://s2027422842.t.en25.com/e/er?utm_campaign=N-Methyltyramine%20and%20Octopamine%20Dietary%20Supplement%20Ingredient%20Advisory%20List%2006242019&utm_medium=email&utm_source=Eloqua&s=2027422842&lid=8497&elqTrackId=B19A0B25541753667ED3ECD64389094E&elq=4595044c3fd74101aedd5423e057ca07&elqaid=8508&elqat=1

STOHS ET AL

WILEY_| %

Hansen, D. K., George, N. |, White, G. E., Abdel-Rahman, A,
Pellicore, L. S., & Fabricant, D. (2013). Cardiovascular toxicity of Citrus
aurantium in exercised rats. Cardiovascular Toxicology, 13, 208-219.

Hansen, D. K., Juliar, B. E., White, G. E., & Pellicore, L. S. (2011). Develop-
mental toxicity of Citrus aurantium in rats. Birth Defects Research Part
B, 92,216-223.

Health Performance Resource Center. 2015. What is bitter orange?
http://hprc-online-org/blog/what-is-bitter-orange

Hengtmann, J. H., & Aulepp, H. (1978). Pharmacokinetics and metabolism
of synephrine. Arzneimittel Forschung, 28, 2326-2331.

Hong, N. Y., Cui, Z. G,, Kang, H. K,, Lee, D. H,, Lee, Y. K., & Park, D. B.
(2012). p-Synephrine stimulates glucose consumption via AMPK in L6
skeletal muscle cells. Biochemical and Biophysical Research Communica-
tions, 418, 720-724.

Inchiosa, M. A, Jr. (2011). Evidence (mostly negative) with the use of sym-
pathomimetic agents for weight loss. Journal of Obesity. 2011, https://
doi.org/10.1155/2011/764584

Jia, J. )., Zeng, Z. S., Li, Y., Ma, S., & Bai, J. (2013). Ephedrine induced
thioredoxin-1 expression through p-adrenergic receptor/cyclic AMP/-
protein kinase A/dopamine-and cyclic AMP-regulated phosphoprotein
signaling pathway. Cellular Signalling, 25, 1194-1201.

Jiang, M. H,, Liu, L., Wang, Q. A., Zhan, W. K., & Shu, H. D. (1987). Effects
of ephedrine and its analogs on beta-adrenoreceptors of rat lung cell
membranes (Chinese). Zhongguo Yao Li Xue Bao, 8, 318-320.

Jordan, R., Thonoor, C. M., & Williams, C. M. (1987). Beta-adrenergic
activities of octopamine and synephrine stereoisomers on Guinea
pig atria and trachea. Journal of Pharmacy and Pharmacology, 39,
752-754.

Kaats, G. R, Leckie, R. B., Mrvichin, N., & Stohs, S. J. (2017). Increased eat-
ing control and energy levels associated with consumption of a bitter
orange (p-synephrine) extract chew - a randomized placebo-controlled
study. Nutrition and Dietary Supplements, 9, 29-35.

Khan, M. Z., & Nawaz, W. (2016). The emerging roles of human trace
amines and human trace amine-associated receptors (nTAARs) in cen-
tral nervous system. Biomedicine & Pharmacotherapy, 83, 439-449.

Khwanchuea, R., Mulvany, M. J., & Jansakul, C. (2008). Cardiovascular
effects of tyramine: Adrenergic and cholinergic interactions. European
Journal of Pharmacology, 579, 308-317.

Koh, A.,. H. W., Chess-Williams, R., & Lohning, A. E. (2019). Differen-
tial mechanisms of action of the trace amines octopamine, syn-
ephrine and tyramine on the porcine coronary and mesenteric
artery. Scientific Reports, 9, 10925. https://doi.org/10.1038/
s41598-019-46627-5

Li, Q., Bian, J.,, Zhao, K., Gao, X., Zheng, J., Li, Z,, ... Zheng, X. (2014).
Immobiised histidine tagged p-adrenoreceptor oriented by a diazonium
salt reaction and its application in exploring drug-protein interaction
using ephedrine and pseudoephedrine as probes. PLOS One, 9(4);
e94955), 11.

Ma, G., Bavadekar, S. A., Schaneberg, B. T., Khan, I. A,, & Feller, D. R.
(2010). Effects of synephrine and beta-phenylephrine on human
alpha-adrenoceptor subtypes. Planta Med., 76, 981-986.

Marles, R. 2011. Synephrine, octopamine and caffeine health risk assess-
ment (HRA) report. Health Canada Natural Health Products Director-
ate, File No. 172091, May. pp.1-49. Retrieved from http://www.
nutratechinc.com/advz/advz.php?p=2.

Mattoli, L., Cangi, F., Maidecchi, A., Ghiara, C., Stubaro, M., & Tralda, P.
(2005). A rapid liquid electrospray ionization mass spectroscopy
method for evaluation of Citrus aurantium L samples. Journal of Agricul-
tural and Food Chemistry, 53, 9860-9866.

Mercader, J., Wanecq, E., Chen, J., & Carpene, C. (2011). Isonorsynephrine
is a stronger lipolytic agent in human adipocytes than synephrine and
other amines present in Citrus aurantium. Journal of Physiology and
Biochemistry, 67, 443-452. https://doi.org/10.1007/s13105-011-
0078-2

Mercolini, L., Mandrioli, R., Trere, T., Bugamelli, F., Ferranti, A, &
Raggi, M. A. (2010). Fast CE analysis of adrenergic amines in different
parts of Citrus aurantium fruit and dietary supplements. Journal of Sep-
aration Science, 32, 1-8.

Mukherjee, C., Caron, M. C., Mullikin, D., & Lefkowitz, R. J. (1976). Struc-
ture-activity relationships of adenylate cyclase-coupled beta-
adrenergic receptors: Determination by direct binding studies. Molecu-
lar Pharmacology, 12, 16-31.

Mund, R. A., & Frishman, W. H. (2013). Brown adipose tissue thermogene-
sis: p3-adrenoreceptors as a potential target for the treatment of obe-
sity in humans. Cardiology in Review, 21, 265-269.

Nakano, J., Ishii, T., Cole, B., & Oliver, R. (1969). Effect of tyramine and
octopamine on lipolysis in isolated fat cells of the rat. Journal of Phar-
macy and Pharmacology, 21, 620-622.

National Center for Complementary and Integrative Health. Bitter orange.
2015. Complete Report. Retrieved from http://nccih.nih.gov/health/
bitterorange?lang=en

Natural Medicines Comprehensive Database. 2016. Bitter orange.
Retrieved from http://naturaldatabase.therapeuticresearch.com/nd/
Search.aspx?pt=100&id=976e

Nelson, B. C., Putzbach, K., Sharpless, K. E., & Sander, L. C. (2007). Mass
spectrometric determination of the predominant adrenergic pro-
toalkaloids in bitter orange (Citrus aurantium). Journal of Agricultural
and Food Chemistry, 55, 9769-9775.

OPPS. 2016. Stimulants found in dietary supplements. Retrieved from
https://opps.org/articles/stimulants-found-dietary-supplements

Pei, Y., Asif-Malik, A., & Canales, J. J. (2016). Trace amines and trace
amine-associated receptor 1: Pharmacology, neurochemistry, and clini-
cal implications. Frontiers in Neuroscience, 10, 146. https://doi.org/10.
3389/fnins.2016.00148

Peixoto, J. S., Comar, J. F., Moreira, C. T., Soares, A. A., de Oliveira, A. L.,
Bracht, A., & Peralta, R. M. (2012). Effects of Citrus aurantium (bitter
orange) fruit extracts and p-synephrine on metabolic fluxes in the rat
liver. Molecules, 17, 5854-5869.

Pellati, F., & Benvenuti, S. (2007). Chromatographic and electrophoretic
methods for the analysis of phenethylamine alkaloids in Citrus
aurantium. Journal of Chromatography A, 1171, 71-88.

Pellati, F., Benvenuti, S., & Melegari, M. (2004). High-pressure liquid chro-
matography methods for the analysis of adrenergic amines and flava-
nones in Citrus aurantium L. var. amara. Phytochemical Analysis, 15,
220-225.

Pellati, F., Benvenuti, S., & Melegari, M. (2005). Enantioselective LC analy-
sis of synephrine in natural products on a protein-based chiral station-
ary phase. Journal of Pharmaceutical and Biomedical Analysis, 37,
839-849.

Pellati, F., Benvenuti, S., Melegari, M., & Firenzuoli, F. (2002). Determina-
tion of adrenergic agonists from extracts and herbal products of Citrus
aurantium L. var. amara by LC. Journal of Pharmaceutical and Biomedical
Analysis, 29, 1113-1119.

Penzak, S. R., Jann, M. W., Cold, J. A, Hon, Y. Y. Desai, H. D., &
Gurley, B. J. (2001). Seville (sour) orange juice: Synephrine content and
cardiovascular effects in normotensive adults. The Journal of Clinical
Pharmacology, 41, 1059-1063.

Pickup, M. E., May, C. S., SSendagire, R., & Paterson, J. W. (1976). The
pharmacokinetics of ephedrine after oral dosage n asthmatics receiv-
ing acute and chronic treatment. British Journal of Clinical Pharmacol-
ogy, 3,123-134.

Rasmussen, N., & Keizers, P. H. J. (2015). History full circle: Novel sympa-
thomimetics in supplements. Drug Testing and Analysis, 8, 283-286.
Ratamess, N. A., Bush, J. A, Stohs, S. J., Ellis, N. L, Vought, I. T,
O'Grady, E. A, ... Faigenbaum, A. D. (2018). Acute cardiovascular
effects of caffeine and p-synephrine alone and in combination: A
placebo-controlled, double-blind study. Phytotherapy Research, 32,

94-102.


http://hprc-online-org/blog/what-is-bitter-orange
https://doi.org/10.1155/2011/764584
https://doi.org/10.1155/2011/764584
https://doi.org/10.1038/s41598-019-46627-5
https://doi.org/10.1038/s41598-019-46627-5
http://www.nutratechinc.com/advz/advz.php?p=2
http://www.nutratechinc.com/advz/advz.php?p=2
https://doi.org/10.1007/s13105-011-0078-2
https://doi.org/10.1007/s13105-011-0078-2
http://nccih.nih.gov/health/bitterorange?lang=en
http://nccih.nih.gov/health/bitterorange?lang=en
http://naturaldatabase.therapeuticresearch.com/nd/Search.aspx?pt=100&id=976e
http://naturaldatabase.therapeuticresearch.com/nd/Search.aspx?pt=100&id=976e
https://opps.org/articles/stimulants-found-dietary-supplements
https://doi.org/10.3389/fnins.2016.00148
https://doi.org/10.3389/fnins.2016.00148

= | WILEY

STOHS ET AL

Ress, R. J., Rahmani, M. A,, Fregly, M. J., Field, F. P., & Williams, C. M.
(1980). Effect of isomers of octopamine on in vitro reactivity of vascu-
lar smooth muscle of rats. Pharmacology, 21, 342-347.

Roh, K. B, Kim, I. H., Kim, Y. S., Lee, M,, Lee, J. A, Jung, E., & Park, D.
(2014). Synephrine inhibits eotaxin-1 expression via the STAT6 signal-
ing pathway. Molecules, 19, 11883-11895.

Roman, M. C,, Betz, J. M., & Hildreth, J. (2007). Determination of syn-
ephrine in bitter orange raw materials, extracts, and dietary supple-
ments by liquid chromatography with ultraviolet detection: Single
laboratory validation. Journal of AOAC International, 90, 68-81.

Rossato, L. G., de Pinho, P. G,, Silva, R., Carmo, H., Carvalho, F., de Lourdes
Bastos, M., ... Remiao, F. (2010). Development and validation of a
GC/IT-MS method for simultaneous quantification of the para and
meta-synephrine in biological samples. Journal of Pharmaceutical and
Biomedical Analysis, 52, 721-726.

Rutigliano, G., Accorroni, A., & Zucchi, R. (2018). The case for TAAR1 as a
modulator of central nervous system. Frontiers in Pharmacology, 10(8),
987. https://doi.org/10.3389/fpharm.2017.00987

Shara, M,, Stohs, S. J., & Mukattash, T. L. (2016). Cardiovascular safety of
oral p-synephrine (bitter orange) in human subjects: A randomized
placebo-controlled cross-over clinical trial. Phytotherapy Research, 30,
842-847.

Shara, M., Stohs, S. J., & Smadi, M. M. (2017). Safety evaluation of bitter
orange (p-synephrine) extract following oral administration for 15 days
to healthy human subjects: A clinical trial. Phytotherapy Research, 32,
125-131.

Shi, X., Walter, N. A., Harkness, J. H., Neve, K. A, Williams, R. W., Lu, L, ...
Janowsky, A. (2016). Genetic polymorphisms affect mouse and human
trace amine-associated receptor 1 function. PLoS One, 11(3), e015258.
https://doi.org/10.13471/journal.pone.0152581

Smedema, J. P., & Muller, G. J. (2008). Coronary spasm and thrombosis in
a bodybuilder using a nutritional supplement containing synephrine,
octopamine, tyramine and caffeine. South African Medical Journal, 98,
372-373.

Sommer, T., Dlugash, G., Hubner, H., El Kerdawy, A., Gmeiner, P., &
Pischetsrieder, M. (2019). Monitoring of the dopamine D2 receptor
agonist hordenine and N-methyltyramine during the brewing process
and in commercial beer samples. Food Chemistry, 276, 745-753.

Song, Y., Su, D., Ly, T., Mao, C,, Ji, D,, Liu, Y., ... Fan, R. (2014). Differential
pharmacokinetics of the brain distribution of morphine and ephedrine
constitutional isomers in rats after administration with keke capsule
using rapid-resolution LC-MS/MS. Journal of Separation Science, 37,
352-359.

Stephensen, T. A, & Sarlay, R., Jr. (2009). Ventricular fibrillation associated
with use of synephrine containing dietary supplement. Military Medi-
cine, 174, 1313-1319.

Stohs, S. J. (2015). Physiological functions and pharmacological and toxico-
logical effects of p-octopamine. Drug and Chemical Toxicology, 38,
106-112.

Stohs, S. J. (2017). Safety, efficacy and molecular studies regarding Citrus
aurantium (bitter orange) extract and p-synephrine. Phytotherapy
Research, 31, 1463-1474.

Stohs, S. J., & Badmaeyv, V. (2016). A review of natural stimulant and non-
stimulant thermogenic agents. Phytotherapy Research, 30, 732-740.
Stohs, S. J., & Hartman, M. J. (2015). A review of the receptor binding and
pharmacological effects of N-methyltyramine. Phytotherapy Research,

29, 14-16.

Stohs, S. J., Preuss, H. G., & Shara, M. (2011). A review of the receptor
binding properties of p-synephrine as related to its pharmacological
effects. Oxidative Medicine and Cellular Longevity, 2011, 1-9. https://
doi.org/10.1155/2011/482973

Suntar, |., Khan, H., Patel, S., Celano, R., & Rastrelli, L. (2018). An overview
on Citrus aurantium L.: Its functions as food ingredient and thermo-
genic agent. Oxidative Medicine and Cellular Longevity, 2, 1-24. https://
doi.org/10.1155/2018/7864269

Til, H. P,, Falk, H. E., Prinsen, M. K., & Willems, M. I. (1997). Acute and sub-
acute toxicity of tyramine, spermidine, spermine, putrescine and
cadaverine. Food and Chemical Toxicology, 35, 337-348.

Trease, G. E., & Evans, W. C. (1966). Ephedra. In A textbook of pharmacog-
nosy (10th ed., pp. 306-309). London, UK: Balliere, Tindall and Cassell.

Tsujita, T., & Takaku, T. (2007). Lipolysis induced by segment wall extract
from Satsuma mandarin orange (Citrus unshu Mark). Journal of Nutri-
tional Science and Vitaminology, 53, 547-551.

Uckoo, R. M., Jayaprakasha, G. K., Nelson, D. S., & Pati, B. S. (2011). Rapid
simultaneous determinations of amines and organic acids in citrus
using high-performance liquid chromatography. Talanta, 83, 948-954.

Westfall, T. C., & Westfall, D. P. (2014). Chapter 12. Adrenergic agonists
and antagonists. In L. L. Brunton, B. A. Chabner, & B. C. Knollmann
(Eds.), Goodman and Gilman's the pharmacological basis of therapeutics
(12th ed.). New York, NY USA: McGraw-Hill Medical Publishers.

Wheaton, T. A, & Stewart, |. (1969). Biosynthesis of synephrine in citrus.
Phytochemistry, 8, 85-92.

Wu, Q. Li, R, Soromou, L. W., Chen, N., Yuan, X.,, Sun, G,, ... Feng, H.
(2014). p-Synephrine suppresses lipopolysaccharide-induced acute
lung injury by inhibition of the NF-kB signaling pathway. Inflammation
Research, 63, 429-439.

Yen, S. T, Li, M. H., Hsu, C. T., Lee, T. L., & Cheng, J. T. (1998). Stimulatory
effect of octopamine on beta 3-adrenoreceptors to lower the uptake
of [14C]-deoxy-D-glucose into rat adipocytes in vitro. Journal of Auto-
nomic Pharmacology, 18, 13-19.

Zheng, X., Guo, L., Wang, D., & Deng, X. (2014). p-Synephrine: A novel
agonist of neuromedin U2 receptor. Biological and Pharmaceutical Bul-
letin, 37, 764-770.

How to cite this article: Stohs SJ, Shara M, Ray SD. p-
Synephrine, ephedrine, p-octopamine and m-synephrine:
Comparative mechanistic, physiological and pharmacological
properties. Phytotherapy Research. 2020;34:1838-1846.
https://doi.org/10.1002/ptr.6649



https://doi.org/10.3389/fpharm.2017.00987
https://doi.org/10.13471/journal.pone.0152581
https://doi.org/10.1155/2011/482973
https://doi.org/10.1155/2011/482973
https://doi.org/10.1155/2018/7864269
https://doi.org/10.1155/2018/7864269
https://doi.org/10.1002/ptr.6649

	p-Synephrine, ephedrine, p-octopamine and m-synephrine: Comparative mechanistic, physiological and pharmacological properties
	1  INTRODUCTION
	2  SOURCES AND EXPOSURE
	3  MECHANISTIC STUDIES
	4  DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGEMENT
	  CONFLICT OF INTEREST
	REFERENCES


