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ANSES undertakes independent and pluralistic scientific expert assessments. 
ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health risks 
they may entail. 
It also contributes to the protection of the health and welfare of animals, the protection of plant health and the evaluation 
of the nutritional characteristics of food. 
It provides the competent authorities with all necessary information concerning these risks as well as the requisite 
expertise and scientific and technical support for drafting legislative and statutory provisions and implementing risk 
management strategies (Article L.1313-1 of the French Public Health Code).  
Its opinions are made public. 
This opinion is a translation of the original French version. In the event of any discrepancy or ambiguity the French 
language text dated 14 March 2014 shall prevail. 
 
On 6 August 2012, ANSES issued an internal request to conduct the following expert appraisal: Risks 
associated with the presence in food supplements of p-synephrine or ingredients obtained from Citrus spp. 
fruits containing this substance. 

1. BACKGROUND AND PURPOSE OF THE REQUEST 
 
The emergence in the general population of real or perceived overweight and obesity has led to a 
considerable increase in the consumption of food supplements claiming to reduce body fat and correct body 
composition. Some of these contain p-synephrine as well as other ingredients obtained from Citrus spp. 
fruits. In addition, given the recommendations to take regular physical exercise in order to combat 
overweight, some overweight subjects may combine consumption of these food supplements with physical 
exercise. 
 
P-synephrine is found in the peel (epicarp and mesocarp) of bitter oranges (Citrus aurantium ssp. aurantium) 
and other species of Citrus. 
 
Forty reports of adverse effects possibly related to the consumption of food supplements containing an 
ingredient obtained from Citrus spp. fruits that are sources of p-synephrine have been brought to ANSES's 
attention since its nutrivigilance scheme was set up in 2009. Only 18 of these reports were deemed 
admissible and contained enough information to be analysed.  
In this context, on 6 August 2012, ANSES issued an internal request to investigate the risks associated with 
the presence in food supplements of p-synephrine or ingredients obtained from Citrus spp. fruits containing 
this substance. This expert appraisal was based on an analysis of the literature and of the cases reported 
within the nutrivigilance scheme.  
In the analysis carried out, the effect of synephrine and Citrus spp. fruits on weight loss was not assessed. 

http://www.anses.fr/
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2. ORGANISATION OF THE EXPERT APPRAISAL 
 
The expert appraisal was carried out in accordance with French standard NF X 50-110 “Quality in Expert 
Appraisals – General requirements of Competence for Expert Appraisals (May 2003)”.  
ANSES entrusted the expert appraisal to the permanent Working Group on Nutrivigilance and to external 
rapporteurs. The methodological and scientific aspects of the work were discussed by the Working Group at 
meetings on 13 December 2012, 8 January, 11 February, 8 October and 10 December 2013. The 
conclusions were adopted by the Working Group on Nutrivigilance on 10 December 2013. The Working 
Group's conclusions were presented for discussion to the Expert Committee (CES) on Human Nutrition at its 
meetings on 21 February, 21 March and 19 December 2013, then validated on 30 January 2014. The 
composition of the expert groups involved is provided in Annex 1. 
ANSES analyses the links of interest declared by the experts prior to their appointment and throughout the 
work, in order to avoid potential conflicts of interest with regard to the matters dealt with as part of the expert 
appraisal. 
The experts’ declarations of interests are made public via the ANSES website (www.anses.fr). 

3. ANALYSIS AND CONCLUSIONS OF THE CES 

3.1. Citrus spp. and synephrine  

3.1.1. Synephrine 

Current use of the fruit Citrus aurantium var. aurantium L. or bitter orange (Neroli/bitter/sour/Seville/bigarade 
orange; syn. Citrus aurantium L. ssp. amara Engl.) as a source of ingredients for food supplements is due to 
the presence of synephrine. This proto-alkaloid is found in several species of the genus Citrus in combination 
with other tyrosine derivatives, mainly tyramine, N-methyltyramine and octopamine (Wheaton et  Stewart 
1969). It falls within the more general class of sympathomimetics, which also include octopamine, hordenine 
and phenylephrine (m-synephrine). 
 
There are three isomers of synephrine, according to the position of the hydroxyl group on the benzene ring: 
in the ortho (o-synephrine), meta (m-synephrine) or para (p-synephrine) position (Figure 1). The compound 
isolated from Citrus species is p-synephrine (also called oxedrine). 
 

 
 

Figure 1: Structures of the synephrines 
 

M-synephrine (also called phenylephrine or neosynephrine) has never been detected in the genus Citrus. Its 
presence has nevertheless been demonstrated in food supplements containing C. aurantium extracts 
(Allison et al. 2005). This may be the result of a fraudulent addition.  
There is no o-synephrine of natural origin.  
When this information was available in the literature articles analysed for this expert appraisal, the isomer is 
specified. The term "synephrine" is used when the article did not state the nature of the isomer. By default, 
when a publication did not state the isomer but used a Citrus extract, the CES assumed that it was p-
synephrine. 
There are two enantiomers of p-synephrine. The natural p-synephrine isolated from Citrus fruits is (R)-(-)-p-
synephrine. Epimerisation of natural p-synephrine can be observed during extraction processes combining a 
high temperature (80°C) with alkaline or acidic pH conditions (Pellati et  Benvenuti 2007; Pellati et al. 2010). 
The two forms have also been identified in urine after ingestion of products containing p-synephrine (Kusu et 
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al. 1996). Synthetic p-synephrine is a racemic mixture. The two enantiomers of p-synephrine do not have the 
same affinity for adrenergic receptors (Jordan et al. 1987). 

3.1.2. Species of Citrus that are sources of p-synephrine 

P-synephrine has been quantified in a large number of species and hybrids of the genus Citrus (Rutaceae): 
Citrus aurantium var. aurantium L. (bitter orange); C. sinensis L. Osbeck (sweet orange); C. deliciosa Ten. 
(tangerine); C. limon L. Burm. f. (lemon); C. reticulata Blanco (mandarin); C. reshni hort. ex Tanaka 
(Cleopatra mandarin); C. unshiu (Satsuma mandarin); C. hassaku hort. ex Tanaka; Poncitrus trifoliata 
(trifoliate orange); Fortunella spp.; Trovia × C. unshiu Marc. × C. reticulata Blanco; C. unshiu Marc. × C. 
clementina Hort. (ex Tanaka) × Xizixiang; C. sinensis L. × C. unshiu Marc.; C. unshiu Marc. × C. clementina 
Hort. ex Tanaka; (Trovia × (C. unshiu Marc. × C. unshiu Marc.) × Pécs orange) (Arbo et al. 2008; Avula et al. 
2005; He et al. 2011; Kusu et al. 1992; Pellati et  Benvenuti 2007; Pellati et al. 2004; Pellati et al. 2005; 
Pellati et al. 2002; Wheaton et  Stewart 1969; Wheaton et  Stewart 1970). 
It has also been found in some Amaryllidaceae (Wheaton et  Stewart 1970). 
However, some Citrus such as grapefruits (C. paradisi), citrons (C. medica) and pomelos (C. maxima) do not 
produce p-synephrine (Avula et al. 2005; Bartley et al. 2010).  
The part of the fruit used is commonly referred to by the term "peel". Botanically speaking, this part of the 
fruit can be likened to the epicarp and at least part of the mesocarp, with the term pericarp designating the 
whole fruit excluding the seeds. 

3.1.2.1. P-synephrine levels in Citrus spp. 

• Levels in fresh fruit and leaves 

Depending on the species, the regions of origin and the maturity of the fruits, the p-synephrine levels 
reported in the literature vary considerably (Annex 2). 
In whole fresh fruit the levels measured vary from 0.019 to 1.97 mg/g (Arbo et al. 2008; Wheaton et  Stewart 
1969; Wheaton et  Stewart 1970). A recent study reported p-synephrine levels that varied from 0.01 to 1.02 
mg/g in the peel and from 0.007 to 0.054 mg/g in the pulp of different hybrids of the genus Citrus (He et al. 
2011). Lastly, Wheaton and Steward showed that the p-synephrine levels in the leaves of different Citrus can 
reach 2.2 mg/g (Wheaton et  Stewart 1969; Wheaton et  Stewart 1970). 

• Levels in dried fruit 

Several studies have reported p-synephrine levels in dried fruit from several species of Citrus (Annex 3). 
Concentrations vary from 0.11 to 6.9 mg/g depending on the species. The highest concentrations have been 
measured in immature fruit (Avula et al. 2005; Kusu et al. 1992; Pellati et  Benvenuti 2007; Pellati et al. 2004; 
Pellati et al. 2005; Pellati et al. 2002; Vieira et al. 2007). 

• Levels in fruit juices and jams from Citrus spp.  

Synephrine intake via the juices of certain Citrus spp. fruits is non-negligible (Annex 4). Indeed, studies have 
reported p-synephrine levels that can reach 160 mg/L in Satsuma mandarin juice (C. unshiu 
Markovich) (Dragull et al. 2008) and 280 mg/L for Cleopatra mandarin (C. reshni hort. ex Tanaka) (Wheaton 
et  Stewart 1965). Other related amines may be detected in variable but minority concentrations, especially 
tyramine and octopamine, in orange, lemon and mandarin juices (Mattoli et al. 2005; Uckoo et al. 2011; 
Vieira et al. 2007; Wheaton et  Stewart 1965). Concentrations in jams range from 0.9 to 121 mg/kg (Avula et 
al. 2007; Kusu et al. 1996). 

• Levels in dried extracts 

Some studies mention the levels of p-synephrine and other proto-alkaloids contained in certain Citrus 
aurantium L extracts (Annex 5). The p-synephrine levels vary from 25 to 65 mg/g and the presence of 
tyramine and octopamine is specified in some samples (Pellati et  Benvenuti 2007; Pellati et al. 2004; Pellati 
et al. 2002). 
 
 



           ANSES Opinion 
       Request No 2012-SA-0200 
  

 
 

Page 4 of 46 
 

3.1.2.2. Other compounds found in Citrus 

• Coumarins  

Chuang et al. (2007) report the presence of several coumarins in the dried fruit of C. aurantium: 
umbelliferone (0.28-0.56 mg/g) and imperatorin (0.12-0.88 mg/g). The presence of 6’,7’-
dihydroxybergamottin, an inhibitor of cytochrome P450 3A4, has also been reported (Edwards et al. 1999). 

• Flavonoids 

Naringin and neohesperidin are the two most abundant flavonoids isolated from C. aurantium. Their levels 
vary from 17.3 to 43.6 mg/g of dried fruit for naringin, and from 15.6 to 52 mg/g for neohesperidin (Avula et 
al. 2005; Chuang et al. 2007). The fruit of Citrus aurantium L. also contains polymethoxylated flavones 
(Avula et al. 2005). 

• Volatile compounds found in the peel of Citrus spp.  

The volatile fraction of the essential oil obtained by cold pressing the peel of Citrus spp. mainly contains 
limonene (93.5 to 93.6% of commercial essential oils). The low-volatile compounds detected in essential oil 
are coumarins (meranzin, isomeranzin, bergapten), psoralens (8-geranyloxypsoralen) and polymethoxylated 
flavones (Dugo et  Mondello 2010). P-synephrine has not been detected in essential oil, whether using gas 
chromatography or other techniques (Dugo et al. 1996). 

3.1.3. P-synephrine levels in food supplements  

The p-synephrine content in food supplements is highly variable and often not documented. Thus, the food 
supplements involved in the nutrivigilance cases detailed in Section 3.5.1.1 provide between 1 and 72 mg of 
p-synephrine per day at the doses recommended by the manufacturer. The clinical studies conducted with 
food supplements have identified daily p-synephrine doses that do not generally exceed 100 mg/d (Annex 7). 
Some studies state the levels of p-synephrine and other proto-alkaloids in certain food supplements available 
on the market (Annex 6). The p-synephrine levels in these studies vary between 0.49 and 27.41 mg/g. The 
presence of tyramine and octopamine has been shown in some samples. Nevertheless, these articles do not 
specify the daily doses recommended by the manufacturers for the food supplements studied, which 
prevents a daily dose of p-synephrine from being determined (Avula et al. 2005; Pellati et  Benvenuti 2007; 
Pellati et al. 2004; Pellati et al. 2005; Pellati et al. 2002). 

3.1.4. Presence of synephrine in medicinal products  

Currently, only m-synephrine is found in some medicinal products in France, such as mydriatic eye-drops or 
OTC nasal decongestants (Vidal 2012).  
In Germany and Switzerland, a formulation (oral solution) containing p-synephrine tartrate (Sympalept®) is 
available on medical prescription as a cardiovascular tonic, with a dosage in adults of 100-150 mg three 
times a day, and in children of 15-25 mg three times a day (children 3 months old), 50-75 mg three times a 
day (children 1 to 4 years old) and 75-100 mg three times a day (children 4 to 10 years old).  

3.2. Pharmacology and pharmacological interactions 

3.2.1.  P-synephrine 

P-synephrine, octopamine and tyramine are regarded as endogenous trace amines as their concentrations in 
animals are very low. The physiological production of p-synephrine in animals, from tyramine, follows the 
same biosynthetic pathway as in Citrus spp. (Rossato et al. 2011b). 
P-synephrine is an adrenergic receptor agonist. There are several types and subtypes of these receptors:  

- α1 receptors control the contraction of arterial smooth muscle; 
- α2 receptors control arterial pressure centrally and at a peripheral level control energy metabolism, 

including lipolysis; 
- β1 receptors regulate cardiac tropism and β2 receptors regulate vascular and bronchial tropism; 
- β3 receptors control energy metabolism, including lipolysis and thermogenesis. 
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Hibino et al. (2009) assessed contraction of isolated rat aorta by p-synephrine at concentrations of 10-7 and 
3.10-5 µMr. They concluded that this effect was mainly related to binding with α1 adrenergic receptors. 
Nevertheless, p-synephrine generally has a much lower affinity (10 to 104 lower) than noradrenaline for all 
the adrenergic receptors (Ma et al. 2010). Consequently, a significant vasoconstrictor effect related to direct 
stimulation of these receptors is unlikely. 
 
In addition, a 2011 study demonstrated a difference in activity between the para and meta isomers, 
expressed as a decrease in intracellular glutathione, in reduced and total form, induced by exposure of rat 
cardiomyocytes to a concentration of 1 mM of m-synephrine for three hours, whereas exposure to the same 
concentration of p-synephrine caused no change to glutathione stock (Rossato et al. 2011a) cited by 
Rossato et al. (2011b). 

3.2.2.  Other constituents of the peel of Citrus spp. 

Naringenin (resulting from the intestinal hydrolysis of naringin, a majority flavanone glycoside of the peel of 
Citrus aurantium L. fruit) is a cardiac hERG (human Ether-à-go-go Related Gene) channel blocker. This 
effect has been associated with a lengthening of the QT interval observed during the administration of 
grapefruit juice in healthy subjects (Scholz et al. 2005). 

3.2.3.  Interaction with caffeine 

P-synephrine may alter caffeine's inhibitory effect on baroreflex sensitivity (Mosqueda-Garcia et al. 1990). In 
a study on a small number of subjects (n=10), a comparison was made between a C. aurantium extract 
containing 46.9 mg of p-synephrine and a mixture containing, among others, 5.5 mg of p-synephrine and 
239.2 mg of caffeine. An increase in blood pressure (systolic and diastolic) was observed with the mixture 
but not with the extract, despite it containing p-synephrine doses that were eight times higher. This effect can 
be explained by the presence of caffeine and other components in the mixture (tyramine, theobromine, 2-
dimethylaminoethanol, L-tyrosine, plant sources of caffeine: maté, green tea, etc.) (Haller et al. 2005). Lastly, 
in a 28-day study in rats, Hansen et al. (2012) showed that the weak cardiovascular effects of p-synephrine 
alone are exacerbated during concomitant caffeine administration.  

3.3. Pharmacokinetics and pharmacokinetic interactions  

3.3.1.  Pharmacokinetics 

P-synephrine is poorly absorbed in the digestive tract. Haller et al. (2005) report that the oral administration 
of a food supplement containing only a C. aurantium extract and corresponding to 46.9 mg of p-synephrine 
leads to a peak plasma concentration of 2.85 ng/mL reached in 90-120 minutes with a half life of 2.5 to 3 
hours. In a second study, this team stated that ingestion of a dose of 21 mg of p-synephrine in adults, 
engaging in moderate physical activity leads to plasma levels below 2 ng/mL (Haller et al. 2008). 
Suzuki et al. (1979) showed that p-synephrine and p-octopamine are substrates of types A and B 
monoamine oxidases (MAO). They are metabolised in humans and rats into p-hydroxymandelic acid then 
into p-hydroxyphenylglycol in free, glucuronide- or sulfo-conjugated forms, which can be detected in urine 
(Crowley et al. 1982; Ibrahim et al. 1983).  
No information is available on the extent to which it is secreted in human milk. 

3.3.2.  Interaction with medicinal products  

Interactions can be observed between Citrus spp. extracts and drugs belonging to various pharmacological 
classes (beta blockers, antidepressants, calcium-channel blockers, antiarrhythmic agents, oestradiol, 
angiotensin II antagonists, cyclosporin, etc.) that may have their plasma concentrations increased 
significantly with a risk of overdose (Di Marco et al. 2002; Hou et al. 2000; Malhotra et al. 2001; Penzak et al. 
2002). This effect may be related to the ability of Citrus spp. extracts to inhibit the CYP450 3A4/P-gP pair, 
inducing a risk of interactions between Citrus spp. extracts and the drugs metabolised or transported by 
these proteins. Some flavonoids (naringin and naringenin) and furanocoumarins (bergamottin) are indeed 
described as possibly having such inhibitory properties (Edwards et al. 1999; Gurley et al. 2004; Saito et al. 
2005). However, synephrine has no action on P-glycoprotein (P-gP) nor on the Multidrug Resistance Protein 
1 (MRP1) (Nabekura et al. 2008).  
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Metabolisation of synephrine by monoamine oxidases (MAO) leads to a risk of hypertensive crisis when 
combined with an MAO inhibitor (MAOI). A case of interaction between a food supplement containing p-
synephrine and an MAOI (phenelzine) was indeed described by Simmons et  Schneir (2010). Moreover, this 
metabolisation by MAOs causes a decrease in the catabolism of other monoamines and therefore an 
increase in their circulating levels. 
Conversely, although less frequently, in some cases Citrus spp. extracts reduce the plasma concentrations 
of drugs such as certain antifungals (itraconazole) or antihistamines (fexofenadine), thereby diminishing their 
efficacy. This effect can last up to 24 hours (Bressler 2006; Lim et al. 2003). 

3.4. Toxicology 

3.4.1. Acute toxicity  

Lagarto Parra et al. (2001) calculated an LD50 of 477 mg/kg for a C. aurantium extract administered orally to 
mice, but the type of extract used was not specified, nor its p-synephrine content. A study conducted in male 
CF1 mice showed that oral administration of C. aurantium extract (containing 2.5% of p-synephrine) led to a 
decrease in locomotor activity in animals treated with the extract starting at a dose of 1000 mg/kg (expressed 
in mg of extract) and in animals treated with p-synephrine starting at a dose of 300 mg/kg (expressed in mg 
of p-synephrine). The animals treated with p-synephrine also developed other effects such as respiratory 
distress and hypersalivation starting at a dose of 150 mg/kg, as well as piloerection and proptosis starting at 
a dose of 300 mg/kg. These effects, which are reversible, appeared 15 minutes after administration and 
persisted for two to four hours (Arbo et al. 2008). 

3.4.2.  Chronic toxicity  

The animal toxicity studies are rather short: 28 days in mice (Arbo et al. 2009b), and varying between 15 
days (Calapai et al. 1999) and 28 days (Hansen et al. 2012) in rats. These studies have many 
methodological shortcomings (for example, a single sex, an insufficient number of animals, lack of or 
insufficient histological examinations, type of isomer not always stated). The substances administered are 
highly disparate, ranging from p-synephrine alone (Arbo et al. 2009b) to C. aurantium extracts (Calapai et al. 
1999; Hansen et al. 2012). In most cases, the amount of p-synephrine actually administered is not known 
precisely. These studies do not have a systemic aim and are only focused on the examination of certain 
cardiovascular parameters. Moreover, the main species used (the rat) is much less representative than the 
dog for studying this type of effect.  

Calapai et al. (1999) administered hydroalcoholic extracts of C. aurantium fruits, containing up to 6% 
synephrine, to male Sprague-Dawley rats for 15 days at doses of 2.5; 5; 10 and 20 mg/kg/d. No effect on 
blood pressure was observed compared to the control group. However, ventricular arrhythmias and a 
prolongation of the QRS interval were reported starting at five days of treatment at the dose of 20 mg/kg/d 
(expressed in mg of 6% extract, or 1.2 mg/kg/d of synephrine).  

In another study, female Sprague-Dawley rats received C. aurantium extracts titrated at 7.25% and 95% for 
28 days, each administered at dilutions ensuring exposure to p-synephrine doses of 10 or 50 mg/kg/d. An 
increase in systolic pressure was observed with p-synephrine doses of 50 mg/kg/d, regardless of the extract, 
and an increase in diastolic pressure with the p-synephrine dose of 50 mg/kg/d was obtained from the 7.25% 
extract. An increase in heart rate was also observed with the p-synephrine dose of 10 mg/kg/d, regardless of 
the extract, but this was not confirmed at 50 mg/kg/d for the 95% extract. Furthermore, none of the extracts 
modified the length of the QT interval (Hansen et al. 2012). 

Lastly, a 28-day toxicity study conducted in mice (CF1) found no significant change in biochemical and 
haematological parameters, except for a decrease in haematocrit in mice that had received doses of C. 
aurantium extracts (containing 7.5% p-synephrine) of 400 mg/kg/d (i.e. a p-synephrine dose of 30 mg/kg/d) 
and for a decrease in total proteins in mice that had also received a 99% pure p-synephrine dose of 30 
mg/kg/d. However, these effects were not dose-dependent since the groups treated with the highest doses 
(up to 4000 mg/kg/d of extract [or 300 mg of p-synephrine/kg/d] and up to 300 mg/kg/d of 99% pure p-
synephrine) did not exhibit statistically significant decreases. Cardiovascular parameters were not, however, 
explored in this study (Arbo et al. 2009b) .  

In view of these various results, it is difficult to define a systemic or cardiovascular no observed adverse 
effect level (NOAEL) for p-synephrine. In addition, some studies very clearly show the potentiating role of 
caffeine (Haller et al. 2005; Hansen et al. 2012). Octopamine has not undergone any toxicity studies. 



           ANSES Opinion 
       Request No 2012-SA-0200 
  

 
 

Page 7 of 46 
 

3.4.3.  Genotoxicity 

The available data are fragmentary and insufficient.  

A mouse lymphoma assay was performed on L5178Y cells. Racemic p-synephrine is negative in this test up 
to the concentration of 2 mg/ml without metabolic activation, suggesting a lack of mutagenic potential under 
the study's operating conditions. However, this study is unable to confirm the absence of mutagenic potential 
of synephrine, since this was not tested in the presence of metabolic activation. Moreover, some biases in 
the study (mainly related to the dose spacing and the lack of replication of all doses) mean that this absence 
of a result should be treated with caution (McGregor et al. 1988). 
No in vivo genotoxicity studies are available. 
In view of all these factors, it is not possible to conclude as to the lack of genotoxicity of synephrine. 

3.4.4.  Reprotoxicity 

A recent developmental toxicity study was conducted in Sprague-Dawley rats according to GLP. This 
exposed nine groups of 25 to 26 gravid females between the third and 20th day of gestation to p-synephrine 
doses of 10, 25, 50 or 100 mg/kg/d, from two extracts containing respectively 6% and 90% of synephrine 
(Hansen et al. 2011). In the group treated with the 90% extract at the dose of 100 mg of synephrine/kg/day, 
there was a decrease in the number of live foetuses per litter which was not found with treatment at the same 
dose of synephrine with the 6% extract. Conversely, in the group treated with the 6% extract at 
100 mg/kg/day, but not in the group treated with the 90% extract at the same dose, two malformations were 
reported (an exencephaly and an unspecified mass in the thorax), but the authors do not believe them to be 
related to the treatment. Lastly, skeletal variations affecting the ribs were reported in all treatment groups, but 
also in the control group at the same frequency. The authors concluded as to a lack of teratogenicity for the 
tested extracts. 
 
A uterotropic assay was conducted in immature female Wistar rats (aged 21 days) exposed by gavage for 
three days to 99% pure  p-synephrine (50 mg/kg/d) or to a methanolic extract of C. aurantium containing 3% 
p-synephrine (25 and 50 mg/kg/d, expressed in mg of p-synephrine). No significant difference in relative 
uterine masses was observed compared to the control group, which therefore does not demonstrate any 
oestrogenic or anti-oestrogenic effect of p-synephrine (Arbo et al. 2009a). 

3.5. Clinical data  
Among the references analysed, it is necessary to distinguish cases of adverse effects (cases from the 
nutrivigilance scheme and cases from the literature) from clinical studies. 

3.5.1. Cases of adverse effects 

3.5.1.1. Cases from nutrivigilance 

Since its nutrivigilance scheme was set up in 2009 and until 31 December 2013, ANSES recorded 40 reports 
of adverse effects possibly associated with the consumption of food supplements containing an ingredient 
obtained from Citrus spp. fruit that are sources of p-synephrine. Eight were received in 2010, six in 2011, 17 
in 2012 and nine in 2013. Twenty-two of these reports were considered non-admissible, due to missing 
information (mainly concerning the dates on which the individuals started/stopped taking the food 
supplement) or lack of an adverse effect, for instance. 
In order to identify the role of p-synephrine in the reports received, ANSES analysed the causality of the 18 
cases declared admissible by applying the method defined in the ANSES Opinion of 11 May 2011 on the 
development of a method for determining causality in reports of adverse reactions in nutrivigilance. The 
causality ratings detailed below concern food supplements containing an ingredient obtained from Citrus 
spp. sources of p-synephrine, and do not concern Citrus spp. fruits or p-synephrine themselves. Moreover, 
some reports may involve several food supplements with different causality ratings (not detailed here). 
Of the 18 cases examined, and for products containing a Citrus spp. source of p-synephrine: 

- causality was considered very likely in one case (I4); 
- causality was considered likely in five cases (I3); 
- causality was considered possible in seven cases (I2);  
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- causality was considered doubtful in four cases (I1); 
- causality was excluded in one case (I0). 

 
The cases, types of effect and causalities established are detailed in Table 1. 
 
Table 1: Analysis of the causality of adverse effects reported to ANSES involving food supplements 
containing an ingredient obtained from Citrus spp. sources of p-synephrine 

Reference1 Type of effect Serious 
effect2  

Presence 
of 
caffeine 

Remarks Chronological (C) and 
semiological (S) scores Causality 

2012-012 Hyperphosphataemia No Yes  
C3: timeframe consistent and 
progression suggestive  
S3: no other aetiology  

very likely 

2011-091 Cytolytic hepatitis and 
pericarditis Yes Yes 

 
Presence of 
green tea 

C4: timeframe consistent, 
progression suggestive and 
reintroduction positive 
S1: another possible aetiology  

likely 

2012-005 Hepatic cytolysis Yes Yes Presence of 
green tea 

C3: timeframe consistent and 
progression suggestive 
S1: another possible aetiology  

likely 

2012-231 Acute anxiety 
syndrome No Yes  

C3: timeframe consistent and 
progression suggestive 
S1: another possible aetiology  

likely 

2013-133 
Digestive disorders, 
agitation, insomnia, 
palpitations 

No Yes Presence of 
green tea 

C3: timeframe consistent and 
progression suggestive 
S1: another possible aetiology  

likely 

2013-184 Haematoma No No  

C3: timeframe consistent and 
progression suggestive 
S1: another possible aetiology  

likely 

2010-026 Acute hepatitis No Yes Presence of 
green tea 

C2: timeframe not very 
consistent and progression 
suggestive 
S1: another possible aetiology  

possible 

2010-027 Myocardial infarction Yes Yes  

C2: timeframe consistent and 
progression cannot be 
interpreted  
S1: another possible aetiology 

possible 

2011-037 Myocardial infarction Yes Yes  

C2: time to onset imprecise and 
progression suggestive 
S2: another hypothetical 
aetiology 

possible 

2011-083 
Bradycardia, 
convulsion and 
atrioventricular block 

Yes Yes  
C2: timeframe consistent and 
progression inconclusive 
S1: another possible aetiology 

possible 

2012-059 
Tachycardia, nausea, 
pallor of skin and 
connective tissue 

No Yes  

C2: timeframe consistent and 
progression cannot be 
interpreted  
S1: another possible aetiology 

possible 

2012-124 Vascular purpura Yes Yes  

C2: timeframe consistent and 
progression cannot be 
interpreted 
S2: another hypothetical 
aetiology 

possible 

                                            
1 The numbers correspond to the references of the reports of adverse effects recorded in the nutrivigilance database.  
2 According to the definition of a serious adverse effect given in Article R1323-3 of the French Public Health Code.  
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Reference1 Type of effect Serious 
effect2  

Presence 
of 
caffeine 

Remarks Chronological (C) and 
semiological (S) scores Causality 

2013-174 Haematoma No No  

C2: timeframe consistent and 
progression cannot be 
interpreted 
S1: another possible aetiology 

possible 

2010-016  Cytolytic hepatitis No Yes 
 

Presence of 
green tea 

C2: timeframe consistent and 
progression not suggestive 
S2: another hypothetical 
aetiology 

doubtful 

2010-029 Jaundice No Yes  

C2: timeframe consistent and 
progression cannot be 
interpreted  
S0: other aetiology proven/very 
probable 

doubtful 

2011-047 Acute renal failure Yes Yes  

C2: timeframe consistent and 
progression inconclusive 
S0: other aetiology proven/very 
probable (sarcoidosis) 

doubtful 

2012-156 Itching, abdominal 
aches and pains Yes No  

C1: timeframe consistent and 
progression not suggestive 
S2: another hypothetical 
aetiology 

doubtful 

2010-025 Hepatitis No Yes  C0: timeframe inconsistent  excluded 

 
The case in which causality was very likely (2012-012) concerns a 61-year-old woman without prior medical 
history, who consumed two slimming food supplements (one a "fat burner" containing an extract of Citrus 
aurantium L.) for at least four months. During a systematic examination in August 2011, blood tests revealed 
hyperphosphataemia at 1.78 mmol/L, combined with a vitamin D deficiency (8 ng/mL) in an asymptomatic 
context. The remainder of the examination showed normal renal, thyroid and parathyroid function. A 
subsequent examination conducted in October 2011 confirmed the hyperphosphataemia (1.81 mmol/L). 
Referred for a nephrology consultation on 20 December 2011, the subject immediately stopped taking the 
two food supplements. The next blood test, conducted on 4 January 2012, indicated that serum phosphate 
levels had returned to normal (1.39 mmol/L). 
In view of these data, the time to onset was deemed to be consistent and the progression suggestive on 
cessation of treatment. In the absence of reintroduction, the chronological score was assessed at C3. 
As the classic causes of hyperphosphataemia, i.e. kidney failure or massive cell lysis (such as 
rhabdomyolysis), have been ruled out, toxicity is the favoured aetiology. The semiological score was 
therefore assessed at S3. 
The combination of these two scores (C3 and S3) gives an intrinsic causality score of I4, described as "very 
likely". 

It should, however, be noted that as consumption of the two products began and ended simultaneously, this 
score corresponds to their association and not specifically to one or the other. 

From a bibliography perspective, the literature does not report any similar cases, and as seen previously, 
neither clinical nor toxicological studies have examined phosphate levels. The lack of bibliographic data 
therefore means that it is impossible to confirm or disprove the role of p-synephrine in phosphorus 
metabolism. 

While the majority of cases concern people who consumed these products for weight-loss purposes, two of 
them took these food supplements in a sport context (cases 2011-037 and 2012-059). 

In general, the analysis of nutrivigilance cases reported to ANSES and the assessment of the causality of the 
adverse effect associated with Citrus spp. and p-synephrine are complicated by: 

- the presence in all the products involved of other ingredients, especially caffeine (sometimes at very 
high doses), or green tea in the case of liver damage; 

- the concomitant consumption of other products (food supplements, medicinal products, narcotics, 
etc.); 
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- the lack of information in some of the reports (mainly concerning the aetiologies investigated, the 
patient's medical history, the dosage used). 

3.5.1.2. Cases from the literature 

Isolated cases of severe adverse effects, mainly of a cardiovascular nature, have been reported in the 
literature. These are summarised in Annex 8. For these cases, it is rarely possible to unambiguously attribute 
the reported adverse effects to Citrus aurantium L. given the existence of other aetiologies, and sometimes 
co-morbidities, but mainly because of the complex associations. 

Of all the 147 adverse events recorded by the FDA up to June 2004, relating to Citrus aurantium L. and its 
extracts, only one involved a product containing an ingredient derived from C. aurantium L. that was not in 
combination with ephedrine or caffeine. This case concerned a 74-year-old woman presenting with 
discomfort and oedema of the lower extremities while taking three Chinese herbal products in addition to her 
multiple chronic medical treatments (McGuffin 2006). 

A study conducted by the FDA examined the consumption of food supplements containing Citrus aurantium 
in California. Of 70 people consuming such food supplements, five reported that they had experienced 
adverse effects; in three cases these effects were considered minor, the other two cases were classified 
respectively as moderate and severe. This study did not take synephrine levels into account, and the nature 
of the adverse effects was not reported (Klontz et al. 2006). 

From 1998 to 2004, Health Canada collected 16 reports of adverse effects suspected of being associated 
with the presence of Citrus aurantium or synephrine. All of these cases were regarded as serious (and 
included two deaths). In seven cases, the suspect product contained caffeine, and in eight cases, caffeine 
and ephedrine (the two deaths implicated products with this combination) (Santé Canada 2004). From 2004 
to 2006, Health Canada received a further 21 reports of adverse effects potentially associated with the 
presence of Citrus aurantium or synephrine, of which 15 cases concerned cardiovascular effects. Among 
these 15 cases, 10 were regarded as serious, including one myocardial infarction (Santé Canada 2007). 

3.5.2. Clinical studies 

The available clinical studies indicate contradictory results on cardiovascular function. The oral studies are 
detailed in Annex 7. 

3.5.2.1. Single oral administration 

A single dose of 450 mg of a standardised 6% extract of p-synephrine (i.e. 27 mg) in 18 healthy volunteers 
showed no effect on systolic or diastolic blood pressure or on the length of the QT interval (Min et al. 2005).  

In a study in healthy adult subjects (n=10 per group), Stohs et al. (2011) assessed the effects associated 
with a single oral dose of 50 mg of p-synephrine alone or combined with two flavonoids, hesperidin and 
naringin. No significant variations in blood pressure or heart rate were observed up to 75 minutes after 
ingestion. 

A study in healthy adult subjects (n=15) using a food supplement (54 mg of p-synephrine) showed an 
increase in systolic blood pressure between 1 and 5 hours after ingestion, and an increase in diastolic 
pressure between 4 and 5 hours after ingestion compared with the control group that received a placebo. 
The maximum difference for systolic pressure was 7.3 ± 4.6 mmHg, observed 3 hours after ingestion, while 
the maximum difference for diastolic pressure was 2.6 ± 3.8 mmHg, observed 5 hours after ingestion. Heart 
rate accelerated 2 to 5 hours after ingestion with a maximum deviation from the control group of 4.2 ± 4.5 
beats per minute (bpm), observed 4 hours after ingestion (Bui et al. 2006).  

Another study (n=10) compared the cardiovascular effects of two food supplements, one containing a C. 
aurantium extract corresponding to 46.9 mg of p-synephrine ("extract" group) and the other containing, 
among others, 5.5 mg of p-synephrine and 239.2 mg of caffeine ("mixture" group). Heart rate increased in 
both groups receiving the food supplements compared to the control group that received a placebo 
("placebo" group). The greatest increase in heart rate was observed 6 hours after ingestion: an increase of 
16.7 ± 12.4 bpm in the "mixture" group and 11.4 ± 10.8 bpm in the "extract" group. However, after ingestion, 
only the "mixture" group presented an increase in systolic and diastolic pressures, of 9.6 ± 6.2 mmHg and 
9.1 ± 7.8 mmHg, respectively. Despite p-synephrine doses eight times higher than the "mixture" group, the 
"extract" group showed no increase in blood pressure compared to the "placebo" group. This may be 
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explained by the presence in the mixture of caffeine and other components (tyramine, theobromine, 2-
dimethylaminoethanol, L-tyrosine, maté, green tea, etc.) (Haller et al. 2005). 

In another study by the same team, seven men and three women ingested a food supplement containing, 
among others, 21 mg of synephrine and 304 mg of caffeine. Diastolic blood pressure 3 hours after ingestion 
was higher in this group (mean diastolic pressure of 71.7 ± 8.7 mmHg), than in the subjects who received a 
placebo (63.0 ± 4.9 mmHg). However, no significant difference was observed between the groups regarding 
systolic pressure and heart rate (Haller et al. 2008).  

A single dose of a fortified coffee containing 360 mg of a C. aurantium extract containing 6% synephrine (or 
21.6 mg of p-synephrine) and 450 mg of caffeine, consumed by 10 healthy volunteers (eight men and two 
women), significantly increased systolic blood pressure compared to consumption of a standard commercial 
coffee. The mean systolic pressure values in the "fortified coffee" group and in the "standard coffee" group 
were 118 ± 7 mmHg and 115 ± 8 mmHg, respectively. No effect was shown on heart rate or diastolic blood 
pressure averaged over the three hours following consumption of the coffee (Hoffman et al. 2006). 
 
According to a study in 23 healthy subjects (14 women and 9 men), consumption of four capsules whose 
composition includes, among others, a C. aurantium extract containing 6% of synephrine, guarana and 
green tea extract (or 52 mg of p-synephrine and 704 mg of caffeine) did not result in any quantifiable effect 
on blood pressure, nor on heart rate, compared with a control group that received a placebo (Seifert et al. 
2011). 

3.5.2.2. Repeated oral administration 

Studies after repeated administration were conducted in order to assess the efficacy - and not the safety - of 
the mixtures tested. Nevertheless, in addition to weight loss, blood pressure and heart rate were also often 
monitored. Also, studies mentioning adverse effects reported by volunteers are rare. 

A placebo-controlled study conducted for 60 days (n=25 per group) compared the effects of an extract 
titrated in p-synephrine (98 mg/day) and a mixture consisting of a C. aurantium extract titrated in p-
synephrine (98 mg/day), hesperidin (1152 mg/day) and naringin (200 mg/day). No significant differences in 
effects on blood pressure (systolic or diastolic) or on various biological parameters (hepatic, renal or 
haematopoietic) were found between the different groups. Regarding heart rate, no difference was noted 
between the group receiving the extract and the one receiving the placebo, although a slight difference was 
observed between the group receiving the mixture and the two other groups (mixture: 73.1 ± 9.7 bpm; 
extract: 71.3 ± 12.9 bpm; placebo: 65.5 ± 8.9 bpm). Although this difference is statistically significant, it was 
not deemed clinically significant by the authors, who concluded that daily consumption of 98 mg of p-
synephrine for 60 days led to no adverse effects (Kaats et al. 2013). 

In a placebo-controlled study reported at a conference, conducted on 30 normotensive subjects ingesting 
80 mg of p-synephrine per day for six weeks, no effect on blood pressure or heart rate was observed. 
However, the abstract from the study (the only part available) provides no information on the variability of 
responses, the statistical test used, or the power of the test (Talbott et al. 2007). 

Colker et al. (1999) administered to nine obese volunteers for six weeks a preparation providing 975 mg of a 
C. aurantium extract (containing 6% synephrine, or 58.5 mg/d of p-synephrine), 528 mg/d of caffeine and 
900 mg of St John's wort. The authors state that they did not find any changes in blood pressure, heart rate, 
electrocardiogram, liver function (determination of transaminases and γ-GT), kidney function (determination 
of serum creatinine levels, uraemia, glycosuria and proteinuria) or blood count. However, no quantified 
values were reported for these parameters.  

Similar results concerning blood pressure (systolic and diastolic) and heart rate were observed in an eight-
week study in obese subjects (n=19 in the treated group, n=16 in the control group that received a placebo) 
ingesting six capsules per day, containing a C. aurantium extract (36 mg of p-synephrine per day) and 
caffeine provided by maté and guarana. Two adverse effects (nausea and urticaria) were however observed 
in the treated group (Zenk et al. 2005).  

Similarly, Kalman et al. (2000) did not find any statistically significant differences in cardiac or haemodynamic 
parameters (systolic and diastolic pressures, heart rate, electrocardiogram), nor in liver (transaminases, γ-
GT) and kidney parameters (serum creatinine levels, uraemia) between a group of 12 obese subjects who 
took capsules for eight weeks providing 10 mg/d of p-synephrine, 400 mg/d of caffeine, 40 mg/d ephedrine 
and 30 mg/d of salicin, and a control group of 13 obese subjects who received a placebo. Only the blood 
pressure and heart rate values were reported in this study. 
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A study in 19 obese subjects investigated the effects of administration of two capsules per day of a food 
supplement providing 5 mg/d of p-synephrine (provided by 85 mg of C. aurantium), 200 mg/d of caffeine 
(provided by 910 mg of guarana) and 20 mg/d of ephedrine (provided by 225 mg of Ma Huang, the Chinese 
name for Ephedra) for seven days, followed by a further seven days with administration of four capsules per 
day. No statistically significant difference was observed in blood pressure (systolic and diastolic), heart rate 
or the left ventricular ejection fraction between the treated group and the control group (which received a 
placebo). Furthermore, no electrocardiographic (ST wave, QRS complex) or echocardiographic differences 
were noted between the two groups. In contrast, the number of adverse effects reported in the treated group 
was higher than in the placebo group. These adverse effects were not considered by the authors to be 
serious (dry mouth, sleep disorders, etc.) (Kalman et al. 2002; Kalman 2004). 

3.5.2.3. Comments on these studies 

The available oral studies differ in their conclusions with regard to the reality of an effect of p-synephrine on 
the cardiovascular parameters, in particular the blood pressure profile. When a statistically significant 
difference is demonstrated, it is most often small, and without real physiological significance with regard to 
blood pressure (variations below 10 mmHg). As for heart rate, only one study showed an increase of more 
than 10 bpm. Although reassuring on some points, these results nevertheless suggest that a hypertensive 
effect of p-synephrine is still possible. 
 
The cardiovascular nature of the adverse effects recorded and their occurrence when p-synephrine and 
caffeine taken together could be explained by the α-adrenergic properties of p-synephrine, without it being 
possible to establish a dose-response relationship. In addition, the wide variability in individual responses to 
caffeine has been clearly demonstrated (genetic polymorphism and non-genetic differences) (Brathwaite et 
al. 2011; Carrillo et  Benitez 1996; Renda et al. 2012). This phenomenon, which was not taken into account 
in the clinical studies assessing the effects of caffeine, may explain the apparently contradictory results. 
However, the influence of this polymorphism on the response to other compounds such as p-synephrine is 
unknown. 
 
Moreover, the clinical data available in the literature have the following limitations:  

- several clinical studies were conducted with an observation time that was too short and/or on sample 
sizes that were too small and/or with a single administration; 

- the chemical composition of Citrus aurantium extracts is often poorly defined and the profile of the 
extracts is almost never established. The exact p-synephrine concentration is not always clearly 
specified and may be associated with caffeine and/or other plant extracts which themselves are not 
characterised; 

- no data are available for children or adolescents. 

3.6. Vulnerable populations, at-risk situations and physical activity 

3.6.1. Vulnerable populations and at-risk situations 

In some people and in certain situations, there may be an increased risk of adverse effects associated with 
the use of products containing Citrus spp. or p-synephrine: 

- people receiving chronic treatment for diseases such as diabetes, hypertension, rhythm disorders 
and other heart diseases, thyroid disease, depression (treatments with monoamine oxidase 
inhibitors) and glaucoma (Firenzuoli et al. 2005; Santé Canada 2007; Simmons et  Schneir 2010); 

- people who are overweight or obese, with cardiovascular risk factors, in particular high blood 
pressure; 

- pregnant or breastfeeding women and children, for whom there are no relevant studies. In any case, 
weight-loss diets are not recommended for children and adolescents, even those suffering from 
overweight or obesity (HAS 2011); 

- people suffering from eating disorders (anorexia) according to the case reported by Gray et  Woolf 
(2005); 
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- people combining p-synephrine and caffeine (Haller et al. 2005; Hansen et al. 2012) or other 
products presented as having effects on weight, muscle mass or physical appearance, and claiming 
rapid results. 

3.6.2. Physical activity 

As mentioned above, the overweight or obese population is a target for sales of food supplements containing 
p-synephrine. Consumption of these products is often combined with physical activity, especially when this 
practice is advocated alongside nutritional monitoring as part of overall care for these patients. People who 
practice sports on a regular basis and who wish to reduce their body fat are also a target population, 
especially in sports where the performance level may be related to weight or body composition, such as 
sports with weight categories, disciplines with aesthetic components or sports involving movement of body 
weight (running, etc.). 
Following safety recommendations and the ban on athletes using ephedrine, this compound is now regularly 
replaced by p-synephrine in many food supplements, in particular those claiming to help weight loss (Bent et 
al. 2004; Haaz et al. 2006).  
Systolic pressure, and to a lesser degree diastolic pressure, increase naturally during physical activity. Due 
to its sympathomimetic properties, p-synephrine may impair the control of blood pressure and affect heart 
rate. Similar effects are expected following caffeine consumption. The possible consequences of 
consumption of food supplements providing p-synephrine (and sometimes caffeine) during and after exercise 
have been the subject of experimental studies in animals and humans. 

In a study conducted in female Sprague-Dawley rats, C. aurantium extracts titrated at 7.25% and 95% of p-
synephrine were administered for 28 days each at dilutions ensuring exposure to p-synephrine doses of 10 
or 50 mg/kg/d (Hansen et al. 2013). Each rat was subjected to 30 minutes of physical activity, three days a 
week. The results show a statistically significant increase in systolic and diastolic pressure, observed up to 8 
hours after administration of p-synephrine at the doses of 10 and 50 mg/kg/d, regardless of the extract. 
Concerning systolic pressure, a maximum increase of 7.5 mmHg was observed 4 hours after administration 
of a concentrated extract providing 50 mg/kg/d of p-synephrine (this increase was 4.7 mmHg with a 
concentrated extract providing 10 mg/kg/d of p-synephrine). Concerning diastolic pressure, a maximum 
increase of 6 mmHg was observed 8 hours after administration of a diluted extract providing 50 mg/kg/d of p-
synephrine (this increase was 3.7 mmHg with a diluted extract providing 10 mg/kg/d of p-synephrine). On the 
other hand, heart rate was not affected by the consumption of these extracts. 

In a previous study, conducted in rats of the same strain that received the same extracts but without any 
physical activity, the same team only observed an increase in systolic pressure in the groups exposed to 
extracts providing 50 mg/kg/d of p-synephrine, with a maximum increase of 6.4 mmHg observed 4 hours 
after administration of the substance (Hansen et al. 2012). In 2013 the authors concluded that physical 
exercise potentiates the effect of p-synephrine on the α and β adrenergic receptors. 
The scope of the results from this experimental study should however be qualified with regard to the data 
obtained in humans (detailed in Annex 7). 
Accordingly, a study was conducted in seven men and three women, all in good health, not overweight and 
without any cardiovascular risk factor, who ingested a food supplement containing 21 mg of p-synephrine 
and 304 mg of caffeine, followed by either a resting phase or exhaustive exercise on an exercise bike (Haller 
et al. 2008). This study's results confirm the hypertensive effects of the food supplement as of the resting 
phase. During the exercise, systolic hypertension developed in parallel with or without the food supplement; 
the result was a peak systolic pressure that was higher with the food supplement than with the placebo. In 
addition, the vasodilation regularly observed during recovery from exercise, which is expressed as a 
decrease in diastolic pressure, was seen in the placebo consumption situation but not with the food 
supplement. This resulted in the vasopressor effect of the p-synephrine/caffeine combination being 
maintained during recovery from the exercise.  
This observation was also reported in another study in 17 athletes, receiving either a food supplement mainly 
composed of 20 mg of synephrine, 200 mg of caffeine, 120 mg of phenylethylamine, 4 mg of yohimbine and 
100 µg of a mixture of diiodothyronines (n=10), or a placebo (n=7) 30 minutes before being subjected to 40 
minutes of physical exercise on an exercise bike. No effect on heart rate related to consumption of the food 
supplement was shown at the end of the test. However, taking the food supplement seemed to have 
decreased the post-exercise hypotension deemed by the authors to be a benefit of physical exercise 
(Magalhães et al. 2013).  
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This decrease in the hypotensive response during the recovery phase, observed after a single dose of 
synephrine associated with other sympathomimetics, should be verified after repeated doses of p-synephrine 
alone.  
In conclusion, in rats, p-synephrine potentiates the hypertensor effect of physical exercise: in humans an 
additive effect of exercise and p-synephrine on systolic pressure is noted, while during recovery, there is 
lesser diastolic hypotension, which could indicate impaired vasomotor control of sympathomimetic origin with 
potential cardiovascular consequences.  

3.7. Maximum permissible dose  
Since a cardiovascular NOAEL cannot be defined for p-synephrine, either from animal or clinical studies, and 
especially because in most cases Citrus spp. extracts are used, a maximum dose cannot be defined for p-
synephrine from the literature data analysed.  
Calculating a maximum permissible dose is difficult when it relates to food supplements whose composition 
is complex and varies widely. It is nevertheless important to take the different associated substances into 
account. Indeed, while the studies often highlight the lack of cardiovascular effects for low doses of p-
synephrine alone, this type of effect may become apparent with the Citrus aurantium extract and especially 
in the presence of other compounds such as caffeine (isolated or provided by ingredients obtained from 
coffee, maté and guarana, in particular). 

3.8. National and international recommendations 
On 12 April 2012, the French National Agency for Medicines and Health Products Safety (ANSM) made a 
prohibition decision concerning the use of three plants and 26 active substances in magistral or officinal 
weight-loss formulae prepared in pharmacies (published 10 June 2012 in the Official Journal). The ANSM 
stated that "these preparations have not proven their efficacy and may expose the patient to health risks". 
Synephrine and the green fruit of Citrus aurantium L. ssp. aurantium (syn. Citrus aurantium L. var. amara) 
are among the substances and plants prohibited in these preparations.  

Although ephedrine and certain substances with a similar chemical structure or biological effects are 
regarded as doping substances and are prohibited in competitive sport, synephrine is not prohibited, 
although it is nevertheless included in the World Anti Doping Agency (WADA) 2013 surveillance programme. 

The European Food Safety Authority considers that exposure to conventional foods does not present a risk, 
but that for preparations containing Citrus aurantium, additional safety data are required for doses higher 
than 20 mg/d of p-synephrine. It also stresses the weakness of the genotoxicity assessment and the lack of 
long-term studies (EFSA Scientific cooperation 2009). 

The Australian authorities have set the maximum permissible dose of p-synephrine at 30 mg per day, due to 
its potential cardiotoxicity (NDPSC 2003). 

In its 2010 opinion, Health Canada set the maximum permissible dose of the combination of synephrine and 
octopamine at 30 mg per day, due to the potential risk of cardiovascular toxicity. In addition, it prohibits 
sources of caffeine (coffee, tea, cola, maté, guarana, etc.) in products containing synephrine due to the lack 
of sufficient clinical data on the safety of this combination in humans. Lastly, considering that the data are 
insufficient to determine whether the long-term consumption of products containing synephrine is without 
risk, the advice of a medical practitioner is required if they are used for longer than eight weeks (Santé 
Canada 2010). 

In the United States, the National Center for Complementary and Alternative Medicine (NCCAM) of the 
National Institute of Health (NIH) recommends that people with heart disorders or high blood pressure, as 
well as people using products (medication, caffeine, etc.) likely to accelerate heart rate, avoid taking food 
supplements containing Citrus aurantium (NCCAM-NIH 2012). 

The German Federal Institute for Risk Assessment (BfR) adopted an approach based on a study of 
consumption of foodstuffs that may contain p-synephrine: oranges, mandarins, lemons and their juice. The 
BfR also took jams into account but did not distinguish between the fruits used. For the maximalist approach 
to p-synephrine levels in these foods, the median consumption of p-synephrine reached 6.7 mg/d and the 
95th percentile of consumption reached 25.7 mg/d. The BfR considers that the quantities of constituents of 
Citrus aurantium likely to have effects on health, especially p-synephrine, should not exceed the median 
value of dietary intake observed, and therefore believes that the quantities of p-synephrine provided by the 

http://www.wikiphyto.org/wiki/Citrus_aurantium


           ANSES Opinion 
       Request No 2012-SA-0200 
  

 
 

Page 15 of 46 
 

food supplements should not exceed 6.7 mg/d (BfR 2012). Nevertheless, the method used may have led to a 
slight overestimation of the amounts consumed. 

3.9. French consumption data 
ANSES used the results from the Second French Individual Survey on Food Consumption (INCA 2) (Anses 
2009) to estimate synephrine intakes in the French population and compare them with the German data from 
the BfR (BfR 2012). This work is detailed in Annex 9.  

To estimate the total daily intakes of synephrine, the minimum and maximum synephrine concentrations in 
each type of citrus fruit (fresh fruit, juice and jams) were applied to the individual consumptions from the 
INCA 2 study, which enabled the minimum and maximum individual synephrine intakes to be defined, and 
the mean and the value of the 95th percentile to be calculated.  

For the entire French population, and considering the maximum levels in citrus fruits, total synephrine intakes 
are 4.3 mg/day on average and 17.7 mg/day at the 95th percentile. 

If only those people who consume citrus fruits are included, total synephrine intakes are 6.2 mg/day on 
average and 20.0 mg/day at the 95th percentile for the maximum levels. 

3.10. Conclusions of the Expert Committee on Human Nutrition 
It seems important to differentiate between intakes from food supplements and normal dietary intakes of p-
synephrine from consumption of citrus fruit juice, which can vary from a few milligrams to several tens of 
milligrams per glass. Regarding normal dietary intakes, the general population does not seem to be at risk 
from the presence of p-synephrine in a balanced diet, which may contain up to 20 mg/d of p-synephrine. The 
food supplements containing extracts of Citrus spp., whose cardiovascular effects were reported to the 
nutrivigilance scheme, provide between 1 and 72 mg of p-synephrine per day at the doses recommended by 
the manufacturer, and all contain caffeine. In this context, the Expert Committee (CES) on Human Nutrition: 

• considers that it is not possible to establish a maximum permissible dose of p-synephrine in food 
supplements, due to the lack of exploitable data from the literature. Nevertheless, the dose of 
20 mg/day, corresponding to the 95th percentile of French consumption, may be regarded as a 
reference intake for p-synephrine that must not be exceeded for food supplements; this reference 
does not constitute a safety limit in the true sense of the term, in the absence of any certainty as to 
the safety of this dose for the French general population: 

• recommends avoiding combining p-synephrine with caffeine or preparations containing it; 
• draws attention to the risks of combining p-synephrine with any substance having cardiovascular 

effects similar to those of caffeine;  
• warns against the use of food supplements containing p-synephrine or an ingredient obtained from 

Citrus spp. in populations at higher risk from adverse effects, such as people receiving chronic 
treatment, in particular for hypertension, heart disease or depression; 

• strongly advises against the consumption of p-synephrine by pregnant or breastfeeding women, 
children and adolescents; 

• notes that the studies involving combinations of ingredients including p-synephrine report a greater 
increase in systolic pressure during exercise and a lesser post-exercise decrease in diastolic 
pressure. These data suggest that p-synephrine may modify blood pressure tolerance to exercise 
and therefore increase acute cardiovascular risk. Only further data would enable a long-term risk to 
be ruled out. Moreover, additional studies on the short- and long-term cardiovascular risk of p-
synephrine alone are needed; 

• considers that this change in blood pressure tolerance to exercise may be compounded by the 
presence of cardiovascular risk factors. This is particularly the case in overweight or obese subjects 
seeking to lose weight.  
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4. AGENCY CONCLUSIONS AND RECOMMENDATIONS 
 
The French Agency for Food, Environmental and Occupational Health & Safety adopts the 

conclusions of the CES on Human Nutrition. 
 
ANSES therefore: 
- considers that the dose of 20 mg/day, corresponding to the 95th percentile of French consumption, 

can be regarded as a reference intake for p-synephrine that must not be exceeded for food 
supplements; 

- notes that many food supplements on the market lead to a daily intake higher than this reference 
value; such food supplements are therefore unsuitable for sale to consumers; 

- recommends avoiding combining p-synephrine with caffeine or preparations containing it, and 
draws attention to the risks of combining p-synephrine with any substance having cardiovascular 
effects similar to those of caffeine. Similarly, food supplements with such synephrine/caffeine 
combinations are also unsuitable for sale to consumers; 

- strongly advises against the consumption of p-synephrine by populations at higher risk from adverse 
effects (people receiving chronic treatment, in particular for hypertension, heart disease or 
depression), by pregnant or breastfeeding women, children and adolescents. The consumer must be 
explicitly made aware of such information; 

- notes that the use of mixtures containing p-synephrine during physical activity may modify blood 
pressure tolerance to exercise and therefore increase acute cardiovascular risk. This change may be 
compounded by the presence of cardiovascular risk factors (particularly in overweight or obese 
subjects seeking to lose weight). Further data are needed on 1/ the long-term risk of the use of 
mixtures containing p-synephrine during physical activity; 2/ the short- and long-term cardiovascular 
risk of p-synephrine alone.  
It should also be noted that while regular practice of long-duration (stamina-building) physical 
exercise helps correct the resting blood pressure profile in hypertensive subjects, the benefit of this 
practice could be impaired by the consumption of food supplements containing p-synephrine. 

 
Given the context in which food supplements containing p-synephrine are used, ANSES reiterates the main 
recommendations it issued in 2010 following its assessment of the risks related to dietary weight-loss 
practices (Anses 2010). Weight-loss diets pose a risk to health and may have harmful effects on the bones, 
kidneys, heart, as well as on behaviour and psychological well-being. In addition, the metabolic changes 
induced by these diets and their repetition are often behind the vicious circle of weight regain. Lastly, apart 
from certain situations where weight loss is medically justified (such as obesity, overweight or significant 
weight gain), which are subject to specialised care, weight-loss diets are not recommended due to the short-, 
medium- and long-term risks involved. 
 

 
 

 
 

Marc Mortureux 
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ANNEX 2: P-SYNEPHRINE LEVELS IN FRESH FRUIT 
 
 
 

Species Harvest areas Levels of p-synephrine 
(mg/g) References 

Whole fresh fruit 

Citrus aurantium L. Brazil (immature) 0.41-0.48 Arbo et al. (2008) 

C. sinensis L. Osbeck Brazil (immature) 0.62-0.99 Arbo et al. (2008) 

C. sinensis L. Osbeck United States (Florida) 0.019 Wheaton et  Stewart (1969); 
Wheaton et  Stewart (1970) 

C. deliciosa Brazil (immature) 0.77-1.97 Arbo et al. (2008) 

C. reticulata Blanco 
Tangerine United States (Florida) 0.125 Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
C. reticulata Blanco 
Cleopatra mandarin United States (Florida) 0.280 Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
C. limon Brazil (immature) 0.37-0.45 Arbo et al. (2008) 

C. limonia Brazil (immature) 0.12-0.51 Arbo et al. (2008) 

C. paradisi Mac Grapefruit United States (Florida) ND Wheaton et  Stewart (1969); 
Wheaton et  Stewart (1970) 

Fresh hybrid fruit pulp (mature) 

C. aurantium L.  China 0.013-0.035 Mattoli et al. (2005) 

Citrus hybrids  China 0.008-0.054 He et al. (2011) 
Fresh hybrid fruit peel (mature) 

Citrus hybrids  China 0.010-1.02 He et al. (2011) 

Leaves 

Citrus reticulata Blanco 
Tangerine United States (Florida) 2.031 Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
Citrus reticulata Blanco 
Cleopatra mandarin United States (Florida) 2.215 Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
Citrus sinensis Obeck United States (Florida) 0.321 Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
Citrus paradisi Mac. 
Grapefruit United States (Florida) ND Wheaton et  Stewart (1969); 

Wheaton et  Stewart (1970) 
 
ND = not detected 
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ANNEX 3: P-SYNEPHRINE LEVELS IN DRIED FRUIT 

 
 
 

Species Harvest areas Levels of p-synephrine 
(mg/g) References 

Citrus aurantium L. 

China (immature) 
China (nearly mature) 
Japan (immature) fruit 
Japan (mature) peel 
Italy (mature) fruit 

1.3-3.1 
1.1-2.3 

2.52 
0.75 
1-3.5 

 
Kusu et al. (1992) 
Kusu et al. (1992)  
Pellati et  Benvenuti (2007) 
Pellati et  Benvenuti (2007) 
Pellati et al. (2002); Pellati et al. 
(2004); Pellati et al. (2005) 

C. unshiu Markovich Japan (mature) peel 3.07 Pellati et  Benvenuti (2007) 

C. reticulata Blanco Japan (immature) peel 

Japan (mature) peel 

6.23 

2.38 
Pellati and Benvenuti (2007) 

Citrus aurantium 
 
Other Citrus spp. 
 
C. maxima, C. paradisi, 
C. medica, C. limon, C. 
grandis, C. aurantifolia, 
C. meyeri, Poncirus 
trifoliatus 

Different origins (mature) 
fruit 

0.38-4.07 
 

0.11 - 2 
 

ND 

Avula et al. (2005) 

 
ND = not detected 
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ANNEX 4: P-SYNEPHRINE LEVELS IN FRUIT JUICES AND JAMS 
 
 

Fruits Levels of p-
synephrine (mg/L) Other References 

Orange juice 

Orange 

Hamlin 
Navel 
Pineapple 
Valencia 

22 
15 
27 
19 

 

Wheaton et  Stewart 
(1965) 

C. sinensis Tan.  Marrs sweet orange 85 Tyramine: 4.82 mg/L Uckoo et al. (2011) 

C. sinensis Valencia 23.3 *  Kusu et al. (1996) 

Citrus aurantium 
L. var. sinensis 

Tarocco 
Naveline 
Navel 
'White' juice 
'Red' juice 

26-35 * 
12-15 * 
13.2 * 

13-16 * 
30-32 * 

 

Mattoli et al. (2005) 

Orange 

Brand A 
Brand B 
Brand C 
Brand D 
Brand E 
Brand F 
Brand G 

16.3 
21.8 
15.8 
14.7 
17.9 
15.5 
10.1 

Other amines detected 
including putrecine (22.6 
- 43.7 mg/L) 

Vieira et al. (2007) 

Orange Different species 
including C. 
aurantium 

3.65 - 60.66  Avula et al. (2007) 

Lemon juice 

Lemon Bearss 
Meyer 2 Octopamine: 4 mg/L 

Tyramine: 25 mg/L  
Wheaton et  Stewart 
(1965) 

C. limon Tan.  Meyer lemon 2.75 Octopamine: 16.29 mg/L 
Tyramine: 9.22 mg/L Uckoo et al. (2011) 

Lemon  ND  Avula et al. (2007) 

Mandarin, clementine or tangerine juice 
C. reshni hort. 
Ex Tanaka 
C. reticulata ? 

Cleopatra mandarin 280 N-MeTyramine: 58 mg/L Wheaton et  Stewart 
(1965) 

C. unshiu 
Markovich Satsuma mandarin 54.5-160  Dragull et al. (2008) 
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Fruits Levels of p-
synephrine (mg/L) Other References 

C. unshiu mikan  35.5  Kusu et al. (1996) 

C. clementina 
Tan.  Clementine 114.61 Tyramine: 17 mg/L Uckoo et al. (2011) 

C. reticulata 
Tan.  Nova tangerine 78.28  Uckoo et al. (2011) 

Tangerine Dancy 125 Octopamine: 1mg/L 
Tyramine: 1 mg/L 

Wheaton et  Stewart 
(1965) 

Grapefruit juice 

Grapefruit 
Duncan 
March 
Ruby red 

ND  Wheaton et  Stewart 
(1965) 

C. paradisi 
Macf.  Rio Red grapefruit ND  Uckoo et al. (2011) 

C. grandis Tan.  Red-fleshed pummelo ND  Uckoo et al. (2011) 

Grapefruit  ND  Avula et al. (2007) 

Jams (in mg/kg) 

Citrus  121  Kusu et al. (1996) 

C. aurantium  0.9-51  Avula et al. (2007) 

Grapefruit  ND  Avula et al. (2007) 

 
 
ND = not detected 
 
*: approximate values based on measurements in µg/g or mg/100g
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ANNEX 5: P-SYNEPHRINE LEVELS IN DRIED EXTRACTS 

 
 
 

 Supplier 
laboratory 

Claimed 
titre 

Levels of p-
synephrine 

(%) 
Remarks References 

Dry extract 
Citrus aurantium 
L. var. amara  

Local market 
Italy  3.003-3.079 

Octopamine 0.023-
0.028% 

Tyramine  
0.055-0.056% 

Pellati et al. (2002); 
Pellati et al. (2004)  

Hydroalcoholic 
extract Citrus 
aurantium L. 
var. amara  

Polichimica, 
Bologna, Italy 

Titrated 6% 
Titrated 4% 4.112-2.698 Partial racemisation 

observed Pellati et al. (2005) 

Hydroalcoholic 
extract Citrus 
aurantium L. 
var. amara  

Polichimica, 
Bologna, Italy 

Titrated 6% 
Titrated 4% 6.571-4.228 

Presence of tyramine, 
octopamine, hordenine, 

N-methyltyramine 

Pellati et  Benvenuti 
(2007) 
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ANNEX 6: P-SYNEPHRINE LEVELS IN FOOD SUPPLEMENTS 

 
 
 
 

Source region 
Number of 
products 
analysed 

Levels of p-
synephrine (mg/g) Remarks References 

Local market Italy 3 2.3-10.5 Partial racemisation 
observed 

Pellati et al. (2002); 
Pellati et al. (2004) 

Various sources 8 0.073-18.62 
Presence of tyramine, 

octopamine, N-
methyltyramine 

Avula et al. (2005) 

Local market Italy 5 0.49-22.39 Partial racemisation 
observed Pellati et al. (2005) 

Pharmacy, Italy 5 0.65-27.41 
Presence of tyramine, 

octopamine, hordenine, N-
methyltyramine 

Pellati et  Benvenuti 
(2007) 
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ANNEX 7: CLINICAL STUDIES VIA THE ORAL ROUTE 

 

Products Subjects 
treated 

Comments on 
the subjects Comments on the study Duration 

Dose of p-
synephrine 

(mg/d) 

Dose of 
caffeine 
(mg/d) 

Adverse effects 
(parameters studied) References 

SINGLE DOSE 

Extract of Citrus 
aurantium 18 No cardiac history 

Randomised, double-blind, 
placebo-controlled crossover 
study in two stages: extract of C. 
aurantium / WO 1 week / 
placebo 
 
No intake of caffeine, FS or 
stimulant 12 h before and during 
study phases 

8h 27 - NO  
(blood pressure, QT) Min et al. (2005) 

Extract of Citrus 
aurantium 

10 (per 
group) 

No caffeine or 
physical exercise 
for 8 to 10h 

Randomised, double-blind, 
placebo-controlled study 
Control group: placebo (n=10) 
Treated groups: 4 groups (n=10) 
: synephrine +/- hesperidin and 
naringin 

75 min 50 - 
NO 
(blood pressure, heart 
rate) 

Stohs et al. (2011) 

Extract of Citrus 
aurantium 15 

22-29 years, 
no history of heart 
disease or 
hypertension,  
non-smokers, 
non-obese, 
no use of FS or 
OTC containing 
Citrus aurantium 1 
month before 
study 

Randomised, double-blind, 
placebo-controlled crossover 
study in two stages: 
extract of C. aurantium / WO 1 
week / placebo 
 
No caffeine intake on day of 
study 

6h 54 - Increase in blood 
pressure and heart rate Bui et al. (2006) 
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Products Subjects 
treated 

Comments on 
the subjects Comments on the study Duration 

Dose of p-
synephrine 

(mg/d) 

Dose of 
caffeine 
(mg/d) 

Adverse effects 
(parameters studied) References 

Extract of Citrus 
aurantium 10 Non-smoking 

subjects 
19 to 42 years,  
non obese,  
no cardiac history, 
 no hypertension 

Randomised, double-blind, 
placebo-controlled crossover 
study in three stages: extract of 
C. aurantium / WO 1 week / 
mixture / WO 1 week / placebo 
 
No intake of caffeine, FS or OTC 
24h before the study 

6h 46.9 - Increase in heart rate 

Haller et al. (2005) 

Mixture  10 6h 5.5 239.2 Increase in heart rate and 
blood pressure 

Mixture  10 

20-31 years, 
practising sport at 
least 3 times a 
week, 
non-obese, 
non-smokers 

Randomised, double-blind, 
placebo-controlled crossover 
study in three stages: 
Mixture + rest / WO 1 week / 
Mixture + 30 min exercise 1h 
after consumption / WO 1 week / 
placebo + 30 min exercise 1h 
after consumption 
 
No intake of caffeine, FS or OTC 
24h before the study 

2h 21 303 
Increase in diastolic 
blood pressure (with or 
without exercise) 

Haller et al. (2008) 

Mixture (+ 
Yohimbine and 
diiodothyronine) 

10 

19-32 years, 
engaging in 
regular physical 
activity 

Randomised, double-blind, 
placebo-controlled study 
Control group: placebo (n=7) 
Treated groups: mixture (n=10) 

2h 20 200 

NO 
(variability in heart rate, 
blood pressure) 
But decrease in post-
exercise hypotension 

Magalhães et al. 
(2013) 
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Products Subjects 
treated 

Comments on 
the subjects Comments on the study Duration 

Dose of p-
synephrine 

(mg/d) 

Dose of 
caffeine 
(mg/d) 

Adverse effects 
(parameters studied) References 

Mixture  
(+ Garcinia 
cambogia + 
chromium 
polynicotinate) 

10 

No cardiac 
history, 
non-smokers, 
no FS for 6 weeks 

Randomised, double-blind, 
placebo-controlled crossover 
study in two stages: 
mixture / WO 4 days / placebo 
(=coffee) 

3h 21.6 450 

Increase in systolic blood 
pressure  
______________ 
 
NO 
(heart rate and diastolic 
pressure) 

Hoffman et al. 
(2006) 

Mixture  23 

Average age = 
24.5 years 
Average BMI = 
26.6 

Randomised, double-blind, 
placebo-controlled crossover 
study in two stages: 
mixture / WO 1 week / placebo 

24h 52 704 
NO 
(blood pressure, heart 
rate) 

Seifert et al. (2011) 

REPEATED DOSES 

Extract of Citrus 
aurantium 
(whether or not 
associated with 
naringin and 
hesperidin) 

25 (per 
group) 

27-76 years, 
mean BMI = 30.8 
Male/female ratio 
8:2 

Randomised, double-blind, 
placebo-controlled study 
Group A: standardised p-
synephrine extract (98mg) 
without naringin or hesperidin 
(n=25) 
Group B: extract of C. aurantium 
containing p-synephrine (98mg), 
naringin (200mg) and hesperidin 
(1152 mg) (n=25) 
Group C: placebo (n=25) 
 
8 subjects abandoned for 
undetermined reason, 
breakdown among 3 groups 
regarded as homogeneous but 
not detailed  

60 days 98 mg - 

Small but statistically 
significant differences for 
heart rate 

NO 
(for blood pressure and 
renal, hepatic and 
haematopoietic factors. 
No adverse effect 
reported) 

Kaats et al. (2013) 
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Products Subjects 
treated 

Comments on 
the subjects Comments on the study Duration 

Dose of p-
synephrine 

(mg/d) 

Dose of 
caffeine 
(mg/d) 

Adverse effects 
(parameters studied) References 

Extract of Citrus 
aurantium 15 Normotensive Placebo-controlled study 6 weeks 80 - 

NO  
(blood pressure, heart 
rate) 

Unpublished  
Talbott et al. (2007) 

Mixture  
(+ St John's 
wort) 

9 Obese subjects,  
no cardiac history 

Randomised, double-blind, 
placebo-controlled study 
Group A: mixture (n=9) 
Group B: placebo (n=7) 
Group C: nothing (n=4) 
 
For all the groups: sport 3 
days/week + diet controlled at 
1800 kcal/d 

6 weeks 58.5 528 
NO  
(blood pressure, heart 
rate, electrocardiogram) 

Colker et al. (1999) 

Mixture  19 

Obese subjects, 
no "non-
stabilised" heart 
disease or 
uncontrolled 
hypertension 

Randomised, double-blind, 
placebo-controlled crossover 
study 
Group 1: mixture (n=19) 
Group 2: placebo (rice) (n=16) 
 
Controlled diet, 
3 sport sessions/week, 
no caffeine intake 

8 weeks 36 
? 

(guarana, 
maté) 

NO  
(blood pressure, heart 
rate) 

Zenk et al. (2005) 

Mixture (+ 
ephedrine) 12 

Obese subjects,  
no history of heart 
disease or 
hypertension  

Randomised, double-blind, 
placebo-controlled study:  
treated group (n=12) 
placebo group (maltodextrin) 
(n=13) 

8 weeks 10 400 
NO 
(liver tests, blood 
pressure, heart rate) 

Kalman et al. (2000) 
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Products Subjects 
treated 

Comments on 
the subjects Comments on the study Duration 

Dose of p-
synephrine 

(mg/d) 

Dose of 
caffeine 
(mg/d) 

Adverse effects 
(parameters studied) References 

Mixture (+ 
ephedrine) 19. 

Obese subjects,  
no history of heart 
disease, no 
hypertension 

Randomised, double-blind, 
placebo-controlled single-centre 
study: 
Treated group (n=19): 
for 7 days: 2 capsules/day 
the next 7 days: 4 capsules/d 
Placebo group (n=8) 
 
controlled coffee consumption, 
no other FS 
 

14 days 10. 400. 

NO  
(pressure, heart rate) 
But: more (non-serious) 
adverse effects in the 
treated subjects (dry 
mouth, sleep disorders, 
etc.) 

Kalman et al. 
(2002); Kalman 
(2004) 

 
WO: washout (period without treatment to eliminate the product) 
FS: food supplement 
OTC: over the counter (non-prescription medicinal product)
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ANNEX 8: CASE STUDIES OF ADVERSE EVENTS RELATING TO FOOD SUPPLEMENTS CONTAINING 
SYNEPHRINE OR A CONCENTRATED EXTRACT OF CITRUS SPP. CONTAINING SYNEPHRINE 

 
Adverse effects 
reported 

Existence of prior 
medical history or 
risk factors/context 

Presence of other 
ingredients/caffeine Remarks on progression References 

Takotsubo 
syndrome (acute 
cardiomyopathy)  

Subject 21 years old ? / Yes Hospitalised for 10 days. No 
sequelae. No new event 
after use of the product 
ceased 

Chung et al. 
(2013) 

Angina pectoris 
while taking 
Cortislim® 

Obese former smoker, 
taking fibrates and 
aspirin/no particular 
exercise 

Yes / Yes (green tea 
extract) 

Resolved when use ceased, 
but symptoms returned after 
several months without 
reintroduction 

Gange et al. 
(2006) 

Myocardial 
infarction while 
taking Edita’s 
Skinny Pill® 

Smoker (one and a 
half packets/day), 
sedentary, 55 years 
old, heart murmur/no 
particular physical 
activity 

Yes / Yes (guarana, 
green tea) 

+ heavy coffee 
consumption 

Symptomatic treatment 
(thrombolysis) 

Nykamp et al. 
(2004) 

Myocardial 
infarction while 
taking Nutrex 
Lipo-6x® 

No personal or family 
history. Young subject 
/ usually taken before 
sport; the event 
occurred after 2 hours 
of sport 

Yes (yohimbine, 
guggulsterones, 
phenylephrine, 
tyramine, hordenine) 
/ Yes  

+ concomitant 
consumption of a 
caffeine-rich 
beverage 

Symptomatic treatment Thomas et al. 
(2009) 

Syncope while 
taking Xenadrine 
EFX® 

No history, young, 
athletic subject / the 
event occurred while 
practising sport on an 
empty stomach 

Yes / Yes (green tea, 
maté) 

No new event after use of 
the product ceased  

Nasir et al. 
(2004) 

Ventricular 
fibrillation while 
taking Hi-Tech 
Lipodrene® 

No history (5 packets 
of cigarettes/year), 
subject young and 
likely to be athletic 
(military) / the event 
occurred while doing 
physical exercise 
(press-ups) 

Yes (depending on 
the sources: 
presence of 
ephedrine and/or 
Acacia rigidula, 
known to contain 
many 
phenylethylamine-
type compounds 
other than 
synephrine (Clement 
et al. 1998) / Yes  

Symptomatic treatment Stephensen et  
Sarlay Jr 
(2009) 

Tachyarrhythmia 
while taking 
extract of C. 
aurantium 
containing 6% 
synephrine 

Little information, 
patient taking 
thyroxine/no particular 
physical exercise 

No / No Reappeared on 
reintroduction 

Firenzuoli et 
al. (2005) 

Hypertension 
while taking 
Xenadrine EFX® 

34 years old, smoker 
(10 cigarettes/day), 
prior history of pre-
eclampsia 

Yes / Yes (green tea, 
maté)  

Symptomatic treatment Moaddeb et al. 
(2011) 
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Adverse effects 
reported 

Existence of prior 
medical history or 
risk factors/context 

Presence of other 
ingredients/caffeine Remarks on progression References 

Ischemic stroke 
while taking 
Stacker 2® 

Subject aged 38 years 
with no particular prior 
history/no particular 
physical exercise 

Yes / Yes Seemed to resolve when use 
of the product ceased 

Bouchard et 
al. (2005) 

Vasospasm and 
stroke while 
taking Xenadrine 
EFX® 

Subject aged 36 years 
with no particular prior 
history 

Yes / Yes (green tea, 
maté) 

Symptomatic treatment Holmes Jr et  
Tavee (2008) 

Myocardial 
infarction 

Subject aged 39 years, 
no prior history, body-
building competition 
(reduced liquid intake 
and high-carbohydrate 
diet) 

Yes (octopamine, 
tyramine, St John's 
wort) / Yes 

Symptomatic treatment Smedema et  
Müller (2008) 

Ischemic colitis 
while taking 
NaturalMax 
Skinny Fast® 

No prior history Yes / Yes No new event after use of 
the product ceased 

Sultan et al. 
(2006) 

Rhabdomyolysis Subject aged 22 years 
with no prior history 

Yes (yohimbine) / 
Yes 

Symptomatic treatment 

Permanent sensory and 
motor deficit in extremities  

Burke et al. 
(2007) 
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ANNEX 9: ANSES INTERNAL SCIENTIFIC AND TECHNICAL SUPPORT MEMORANDUM ON THE "ESTIMATE 
OF SYNEPHRINE INTAKES IN THE ADULT FRENCH POPULATION" 
 

 
Maisons-Alfort, 22 January 2014 

 
 

MEMORANDUM: 
Internal scientific and technical support  

of the French Agency for Food, Environmental 
and Occupational Health & Safety 

 
on the "Estimate of synephrine intakes in the adult French population" 

 
 

On 6 January 2014, ANSES's Food Consumption Observatory Unit (UOCA) received an internal request for 
scientific and technical support from the Nutrivigilance Unit in ANSES's Risk Assessment Department (DER), 
regarding the estimate of synephrine intakes in the adult French population. 

1. BACKGROUND AND PURPOSE OF THE REQUEST 
ANSES's Nutrivigilance Unit is currently preparing an opinion on the risks associated with the presence in 
food supplements of p-synephrine or ingredients obtained from Citrus spp. fruits containing this substance 
(Request No. 2012-SA-0200).  
This opinion refers to a report3 by the German Federal Institute for Risk Assessment (BfR), which assessed 
consumption levels in the German population of citrus fruit that may contain synephrine as well as the 
minimum and maximum synephrine intakes that may be associated with each type of citrus fruit consumed. 
In order to make a comparison between these results and those relating to the French population, the 
Nutrivigilance Unit called on the UOCA to provide data on intakes in the French population based on the 
INCA 2 study. The information requested was the mean and the value of the 95th percentile, for consumption 
of citrus fruit that may contain synephrine, as well as a simulation of minimum and maximum synephrine 
intakes in the adult French population.  

2. ORGANISATION OF THE WORK 

The internal scientific and technical support study was carried out by the UOCA of ANSES's DER according 
to the methodology presented below. 

■ Source and quality of consumption data used: INCA 2 study 

The consumption data used came from the INCA 2 study conducted in three phases in 2006-07 among 4079 
individuals aged from 3 to 79 years old (1455 children from 3-17 years old and 2624 adults from 18-79 years 
old).  
Participants were selected according to a three-stage design, stratified by the size of the urban area and the 
region. The sampling frames used were the 1999 population census and new housing built between 1999 
and 2004.  
Data on consumption by the individuals in this sample were collected using a 7-day food consumption diary 
in which they noted the types of foods and quantities consumed, estimated using a photograph manual, 
standard units or household measures. Each line in the diary corresponded to a food (or beverage) 
consumed. In the case of industrial products, the trade name and brand name of the consumed food had to 
be provided. Each collected line of food was codified using a nomenclature specially developed for the INCA 
2 study and containing 1280 items.  
                                            
3 Health assessment of sports and weight loss products containing synephrine and caffeine. BfR Opinion No. 004/2012, of 16 November 
2012 
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A weighting was applied to each individual in the two samples (children 3-17 years old and adults 18-79 
years old) to ensure their representativeness at national level (French mainland, i.e. excluding Corsica).  
As part of this scientific and technical support study, under-reporting individuals were not excluded for the 
estimation of consumption levels, and only adults were considered. 

■ Foods taken into account for estimating consumption levels 

To allow easy comparison between the German and French consumption levels, the choice of INCA 2 foods 
taken into account for this scientific and technical support study was based on the list of foods monitored in 
the BfR report, namely:  
- oranges; 
- orange juice; 
- mandarins/clementines; 
- mandarin juice; 
- lemons; 
- lemon juice; 
- jam/marmalade. 
 
The BfR report states that as the consumption data used do not distinguish between citrus jams and jams 
made with other fruit, these are therefore grouped together in a single category: jam/marmalade.  

■ Identification of product categories monitored from INCA 2 data 

The above-mentioned citrus fruits are consumed not only as foods but also frequently as recipe ingredients 
(fruit salads, juice mixtures, etc.). Therefore, to avoid underestimating consumption, it seemed preferable to 
also take into account consumption of these citrus fruits via recipes that may contain them. When it was not 
possible to determine from the wording in the food diaries whether or not the studied citrus fruits were 
actually contained in the recipes considered, all the lines referring to them were included. Proportions of 
amounts of citrus fruit were then assigned to each recipe, defined on the basis of a comparison with similar 
recipes, industrial or home-made. Only recipes containing a significant proportion of citrus fruit (accounting 
for more than 5% of their weight) were taken into account for the study and are presented in the tables 
below.  

• Oranges 

Consumers of oranges were identified from consumption lines in the food diaries referring to the item from 
the nomenclature: "fresh orange" but also to those of the following recipes:  

 
• Orange juice  

Consumers of orange juice were identified from consumption lines in the food diaries referring to the 
following items from the nomenclature: "pasteurised orange juice made from concentrate", "home-squeezed 
orange juice", "pure pasteurised orange juice", "pasteurised orange nectar". All the lines corresponding to the 
following recipes were also included:  
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• Mandarins/clementines  

Consumers of mandarins and/or clementines were identified from consumption lines in the food diaries 
referring to the item from the nomenclature: "Fresh clementine or mandarin" as well as the recipe:  

 

• Mandarin juice  

Consumers of mandarin juice were identified from consumption lines in the food diaries referring to the item 
from the nomenclature: "Pure pasteurised mandarin or clementine juice" and also that of the recipe:  

 

• Lemons  

Consumers of lemons were identified from consumption lines in the food diaries referring to the items from 
the nomenclature: "Fresh lemon" and "Lime pulp". The lines corresponding to the following recipes were also 
included:  

 
 

• Lemon juice  

Consumers of lemon juice were identified from consumption lines in the food diaries referring to the items 
from the nomenclature: "Home-squeezed lemon juice" and "Pure pasteurised lime juice" as well as to the 
items from the following recipes:  
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• Jams  

Consumers of jams were identified from consumption lines in the food diaries referring to the items from the 
nomenclature: "orange marmalade" and "any type of jam or marmalade", when the wording of the 
consumption diary specified a jam containing citrus fruits, orange, mandarin, clementine or lemon. The lines 
in the food diaries containing the following item were also included:  

 
Insofar as it was possible to precisely identify the citrus jams consumed in the INCA 2 study, only these 
foods were taken into account for this scientific and technical support study, in contrast to the BfR report 
which did not distinguish the fruits used in the jams monitored, and therefore overestimated synephrine 
intake via this food. 

■ Synephrine concentration data 

The ranges of synephrine concentrations in citrus fruits used to estimate intake were established according 
to the literature data listed in the annexes of the ANSES opinion4. 
 
Table 1: Minimum and maximum synephrine concentrations (in mg/g) in citrus fruits, used to 
simulate intakes in the adult French population 

 
For fruits, the data come from the table in Annex 2: P-synephrine levels in fresh fruit; more specifically the 
part "Fresh hybrid fruit pulp (mature)" for oranges and mandarins/clementines, and the part "Whole fresh 
fruit" for lemons (only data available for this citrus fruit). For the concentrations in fruit juices and jams, the 
minimum and maximum synephrine levels per fruit juice were taken from Annex 4. 

                                            
4 ANSES Opinion on the risks associated with the presence in food supplements of p-synephrine or ingredients obtained from Citrus 
spp. fruits containing this substance (unpublished, currently being finalised). Request No 2012-SA-0200 
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The synephrine levels used to simulate intakes provided in this scientific and technical support document are 
given in Table 1.  

■ Estimated minimum and maximum synephrine intakes 

The BfR report presents synephrine intakes in the German population associated with the consumption of 
the various citrus fruits studied, and proposes a range of values, according to whether all the citrus fruits 
consumed have the same minimum synephrine concentration or the same maximum concentration. The 
concentrations by type of citrus fruit were chosen from a list of the different concentrations available in the 
literature5.  
To estimate these ranges of intakes, the consumption estimates (mean and 95th percentile) were multiplied 
by the minimum and maximum concentrations chosen. 
A range for total exposure to synephrine is also shown, for average and high consumption of citrus fruits. 
However, the method used to calculate this range is not specified. 
 
To be able to provide comparable data to those in the BfR report, the minimum and maximum synephrine 
intakes in the adult French population by type of citrus fruit were simulated in the same way in this support 
study: the mean and 95th percentile of individual daily consumption for each type of citrus fruit were multiplied 
by the minimum and maximum concentrations shown in Table 1. 
  
In the absence of specific details on the calculation of total synephrine exposure in the BfR report, the 
method that seems most appropriate for obtaining this information was used in this support study: the 
minimum and maximum synephrine concentrations for each type of citrus fruit were applied to the individual 
consumptions from the INCA 2 study, in order to define the maximum and minimum individual synephrine 
intakes and to calculate the mean and the value for the 95th percentile.  
 

3. ANALYSIS AND CONCLUSIONS  

The results presented below show, for each type of citrus fruit, the mean consumption and the value of the 
95th percentile, for the entire adult population and then only for adult consumers of each type of citrus fruit. 
The ranges of total synephrine intakes for average or high consumption of citrus fruits are also shown. To 
ensure that the results were as representative as possible, they were estimated taking into account the 
constraints related to the complex sampling in the INCA 2 study and the individual weighting. 

■ In the entire adult population 

Table 2 shows the levels of consumption of the citrus fruits studied as well as a range of estimated 
synephrine intakes for each type of citrus fruit in question, in the entire adult French population. 

Table 2: Consumption levels (g/day) and minimum and maximum synephrine intakes (mg/day) for 
each type of citrus fruit consumed in the entire adult French population 

                                            
5 Health assessment of sports and weight loss products containing synephrine and caffeine. BfR Opinion No. 004/2012, of 16 November 
2012 
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Table 3 provides a range of total estimated synephrine intakes at individual level in the entire adult French 
population. The estimates shown correspond to the average individual intakes and the intakes at the 95th 
percentile.  

Table 3: Total intakes, means and 95th percentile, estimated from minimum and maximum synephrine 
concentrations (mg/day) in the entire adult French population 

 

 

 

■ In adult consumers only 

Table 4 shows the consumption levels of the citrus fruits studied as well as a range of estimated synephrine 
intakes for each type of citrus fruit in question, in adult consumers alone. 

Table 4: Consumption levels (g/day) and minimum and maximum synephrine intakes (mg/day) 
depending on the citrus fruits consumed in adult consumers only 
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Table 5 provides total estimated synephrine intakes at individual level in adult consumers only. The 
estimates shown correspond to mean individual intakes and intakes at the 95th percentile. 

Table 5: Total intakes, means and 95th percentile, estimated from minimum and maximum synephrine 
concentrations (mg/day) in adult consumers alone 

 

■  Comments 

The total estimated intakes for the adult French population are generally lower than those shown in the BfR 
report for the German population, mainly due to lower consumption of oranges in France and a more precise 
targeting of jams consumed in the INCA 2 study. 

■  Study limitations 

Any comparison between the data presented in this support study and those available in the BfR report must 
take into account the following limitations. Firstly, the consumption data may not exactly cover the same 
types of foods and recipes in the two studies, which is the case for jams, for instance. Secondly, as the 
sample sizes were quite low for certain foods (mandarin juice and jams mainly), the representativeness of 
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the data relating to them should be treated with caution. Moreover, the concentrations used for the intake 
simulations for mandarins and lemon juice differ between the two studies. Lastly, the total intakes presented 
in the two studies should be compared with caution, since they may not have been estimated in the same 
way. 
 
 

KEYWORDS 
 
INCA 2, food consumption, synephrine, citrus fruits  
 
 


	OPINION
	of the French Agency for Food, Environmental
	and Occupational Health & Safety
	3.1.2.1. P-synephrine levels in Citrus spp.
	 Levels in fresh fruit and leaves
	 Levels in dried fruit
	 Levels in fruit juices and jams from Citrus spp. 
	 Levels in dried extracts
	3.1.2.2. Other compounds found in Citrus
	 Coumarins 
	 Flavonoids
	 Volatile compounds found in the peel of Citrus spp. 

	3.5.1.1. Cases from nutrivigilance
	3.5.1.2. Cases from the literature
	3.5.2.1. Single oral administration
	3.5.2.2. Repeated oral administration
	3.5.2.3. Comments on these studies


	MEMORANDUM:
	Internal scientific and technical support 
	of the French Agency for Food, Environmental
	and Occupational Health & Safety

