
169

Curr. Issues Pharm. Med. Sci., Vol. 34, No. 4, Pages 169-173

Current Issues in Pharmacy and Medical Sciences
Formerly ANNALES UNIVERSITATIS MARIAE CURIE-SKLODOWSKA, SECTIO DDD, PHARMACIA

journal homepage: http://www.curipms.umlub.pl/

© 2021 Author(s). This is an open access article distributed under the Creative Commons Attribution-NonComercial-No Derivs licence 
(http://creativecommons.org/licenses/by-nc-nd/3.0/)

INTRODUCTION 
Synephrine belongs to the group of protoalkaloids, and 

was extracted for the first time from Citrus aurantium  
(F. Rutaceae). It is present in various amounts in most citrus 
species (oranges, grapefruits and mandarins), but its main 
source is bitter oranges. Interestingly, low levels of syneph-
rine have been found in normal human urine [1], as well as 
in other mammalian tissue [2].

This compound is a member of the ethanolamines, with 
a substituted hydroxyl group in position 1 and a methyl 
group at the amino nitrogen. It occurs as isomer p-syneph-
rine and m-synephrine. Despite the fact that m-synephrine 
bears similarity to phenylephrine, the compound does not 
belong to the same chemical entities. In its natural state, it is 
presented as isomer p-synephrine (also known as oxedrine 
or parasympatol). p-synephrine is approved as a medica-
tion, therefore, this review relies mainly on the description 
of this isomer. The chemical structure of p-synephrine is 
similar to ephedrine, which was described for the first time 
in 1888, and is a substance obtained from Ephedra plants. 
Ephedrine possesses hypertensive, adrenergic and analeptic 
effects. It has been used as a thermogenic agent in supple-
ments for athletes, as well as in the treatment of hypoten-
sion. Nowadays, due to the availability of more selective 
compounds with safer pharmacological profiles, ephedrine 
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has been withdrawn. A compound with a wide spectrum  
of pharmacological activity and limited side effects that can 
be used as a replacement for ephedrine is p-synephrine.

This application is related especially to the reduced lipid 
solubility of p-synephrine as compared to ephedrine, which 
results in low transport of this compound into the central 
nervous system (CNS) [3]. Moreover, structural differences 
ensure that p-synephrine exhibits little or no CNS and car-
diovascular stimulation, as compared to ephedrine, norepi-
nephrine, m-synephrine and amphetamine (Fig. 1).

Figure 1. Chemical structures of compounds with structural 
similarities to p-synephrine [4]
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It is currently the most often used as a compound in the 
treatment of obesity. The compound also possesses: 
•	 anticancer activity [5];
•	 anti-inflammatory activity [6,7];
•	 antidepressant activity [8];
•	 hypertensive activity [9-11];
•	 contraction of blood vessels [10,12];
•	 stimulation of glucose consumption in skeletal muscle 

cells [13].
Due to the increased interest in this substance, the aim of 

current review is to present the properties and current and 
possible uses of synephrine in pharmacotherapy.

RECEPTOR BINDING AFFINITY

In an evaluation conducted by Stohs et al. [12], who 
compared synephrine to ephedrine, p-synephrine and m-syn-
ephrine were found to be not equal as to their biological 
activity, as due to certain stereochemical differences, both 
isomers bind to receptors with different affinity. Accord-
ingly, p-synephrine has lower ability to stimulate α1, α2, 
β1, β2, compared to typical sympathomimetics. Moreover, 
it is characterized by distinct preference for the α1 over 
the α2 receptors [14] and much lower potency at β recep-
tors (regardless of sub-type) than at α-receptors. There is 
some evidence that synephrine also has weak activity at 
the 5-HT receptors (5-HT2A and 5HT1D), and that it interacts 
with trace amine-associated receptor 1 (TAAR1) [10,12]. 
Therefore, p-synephrine may be devoid of side effects 
typical for ephedrine (such as increase of heart rate and 
blood pressure). Furthermore, stimulation of β3 receptors by 
p-synephrine can decrease diastolic blood pressure [15,16]. 
The aforementioned clearly indicate that p-synephrine, in 
usually used doses, shows a more favorable therapeutic 
profile than ephedrine [12].

P-SYNEPHRINE AND TREATMENT OF OBESITY

Obesity is a global problem that particularly affects both 
the elderly and young people, and a number of supplements 
have been marketed that help to lose weight. On account 
of the withdrawal of ephedrine-containing supplements by 
the Food and Drug Administration (due to a number of side 
effects such as increased heart rate, heart failure and hyper-
tension), interest in p-synephrine, a promising agent in the 
treatment of this disease, is growing. According to current 
knowledge, p-synephrine can be used in the treatment of 
obesity because of effects such as: 
•	 increase of resting metabolic rate and energy expenditure; 
•	 inhibition of glucose production [17];
•	 thermogenic activity [18];
•	 influence on enzymes activity [19,20];
•	 lipolytic activity;
•	 katabolic activity;
•	 influence on the differentiation of beige adipocytes 

[4,15,21-29].
Possible mechanisms involved in these effects include its 

affinity to the Neuromedin U2 receptor (NMU2R). These 
receptors are located in the hypothalamic region which  

is associated with regulation of several important physi-
ological functions such as nociception, stress response, 
energy balance and food intake. This claim is supported by 
in vitro experiments that indicated that p-synephrine binds 
selectivity with NMU2R, and, in a dose dependent manner, 
decreases food intake, as well as improves metabolic homeo-
stasis [24].

During in vitro studies, p-synephrine was discovered 
also to suppress adipogenesis. The activity of the compound 
relies on regulation of Akt signalling pathway by reducing 
the expression of CCAAT/ enhancer-binding protein α  
(C/EBP α), as well as the peroxisome proliferator-activated 
receptor (PPAR). Subsequently, it leads to a reduction in 
fatty acid binding protein 4 (aP2) expression. It also was 
noted to inhibit glycogen synthase kinase (GSK3B). All of 
these mechanisms result in inhibition of fat accumulation, as 
well as differentiation of adipocytes, which, in turn, inhibits 
adipogenesis. Such effects were dose dependent [22]. The 
activity also included lipolytic activity. This was investigated 
in vitro by Mercader et al. [30]. All the received results were 
comparable to the effects of the typical β receptor agonist 
– isoprenaline. Over all, p-synephrine lipolytic activity on 
human subcutaneous adipose cells was estimated as 33% 
(compared to isoprenaline), but these effects were detected 
only in concentrations above 10 ug/ml. In rat adipocytes, 
synephrine stimulated lipolysis in a dose-dependent manner.

In studies conducted in vivo using the rat’s liver, p-syn-
ephrine demonstrated an ability to modify the liver metab-
olism. Herein, p-synephrine influenced glycogenolysis 
and increased glucose generation. Moreover, researchers 
noticed that glycogenolysis was stimulated not only by pure 
p-synephrine, but also by other compounds present in an  
C. aurantium extract. The scientists concluded that the most 
probable mechanism of both hemodynamic and metabolic 
effects relied on stimulation of the adrenergic (α1 and β1) 
receptors present in the liver – an effect at least partly Ca2+ 

and cAMP related [25].
In order to advance the study of the beige adipocytes, 

which are believed to have a prominent role in increasing 
energy expenditure through differentiation, researchers eval-
uated the influence of p-synephrine on these cells. According 
to the study findings, p-synephrine increased the expression 
of mRNA uncoupling protein 1 (UCP1) in stromal vascular 
fraction (SVF) cells in a dose dependent manner, and mor-
phological changes in beige adipocytes were observed. 
What is interesting, it was established that this activity relied  
on the stimulation of β3 adrenergic receptors [15].

Knowing that caffeine can also increase the metabolic rate, 
a research team assessed its effect compared to p-synephrine. 
They established that the use of caffeine, p-synephrine, and 
a combination of these compounds increased the maximal 
rate of fat oxidation during exercise, as compared with  
a placebo, without modifying energy expenditure or heart 
rate. However, the coadministration of p-synephrine and 
caffeine did not present an additive effect to further increase 
fat oxidation during exercise. It was also confirmed again, 
that p-synephrine does not influence the heart rate [21].

Maldonado et al. measured in vivo, as well as in vitro,  
the influence of p-synephrine on hepatic enzymes activities 
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in perfused liver [19]. Their work indicated that p-synephrine 
administered orally in a concentration of 50 and 300 mg/kg 
was able to increase the activity of glycogen phosphorylase. 
This subsequently improved glycogenolysis in perfused liver 
and caused increased glycemia in rats. It also decreased 
the activity of pyruvate kinase and pyruvate dehydrogenase  
(in both models – in vitro and in vivo), which indicates that 
p-synephrine is able to inhibit carbohydrates transforma-
tion to lipids (which is crucial in obesity treatment). It was 
also noticed that p-synephrine enlarged the hepatic pools  
of adenosine, diphosphate and adenosine triphosphate.

INFLUENCE OF P-SYNEPHRINE ON INFLAMMATION

Several studies have demonstrated the anti-inflammatory 
activity of p-synephrine. According to the Roh et al. [6], 
the anti-inflammatory activity of p-synephrine presumably 
relies on inhibition of Eotaxin-1 expression (a chemoat-
tractant factor for eosinophils). Their research revealed 
that p-synephrine acts as a signal transducer and activator 
of signal transduction, and, particularly is an activator of 
transcription 6 (STAT6), which is a relevant factor in the 
production of eotaxin-1 in IL-4 induced cells. This occurs by 
way of the inhibition of phosphorylation and translocation of 
these factors. As described, the inhibitory activity was dose 
related (the higher dose, the highest inhibition rate). While 
activity was measured for both isomers (m-synephrine and 
p-synephrine), it turned out, the activity described above was 
associated only with the p-synephrine isomer.

The anti-inflammatory activity of p-synephrine was 
also indicated in acute lung injury in mice after lipopoly-
saccharide (LPS) administration. The undertaken experi-
ments demonstrated that administration of p-synephrine  
in a dose 5 or 15 mg/kg one hour before LPS administra-
tion can significantly reduce the concentration of TNF-α, 
IL-6 and increase the concentration of IL-10 up to 48 hours. 
Moreover, p-synephrine inhibited activation of NF-Kb and 
lowered myeloperoxidase activity [7].

Furthermore, Arbo et al. [31] showed that in mice, p-syn-
ephrine induced an antioxidant and tissue protective effect 
by enhancing reduced glutathione content, decreasing glu-
tathione peroxidase activity and increasing catalase activity.

ANTIDEPRESSANT – LIKE EFFECT  
OF P-SYNEPHRINE

The possible antidepressant effect of p-synephrine was 
evaluated during in vitro, as well as in vivo tests using 
p-synephrine stereoisomers. The behavioral experiments 
indicated that p-synephrine administrated orally decreases 
the duration of immobility in the tail suspension test (TST) 
and forced swim test (FST) in mice (dose 1-10 mg/kg). 
However, administration of a high dose (30 mg/kg) returned 
the duration of immobility to control values in both tests. 
Moreover, the antidepressant effect of this drug was reversed 
by administration of the α1 antagonist – prazosin [32]. Ini-
tially, these results suggested that stimulation of α1 receptors 
is involved in the above effects of p-synephrine. However, 
subsequent experiments indicated that the antidepressant 

activity of p-synephrine results from modulation of norad-
renergic neurotransmission by this compound. These sug-
gestions were confirmed in behavioral tests commonly used 
to screen antidepressant activity (TST and reserpine-induced 
hypothermia) and in vitro tests focusing on presynaptic nor-
adrenergic systems. 

In these experiments, the authors indicated that R 
(-)–p-synephrine evokes antidepressant effect to a lower 
extent than S-(+)–p-synephrine. This is probably a result  
of the differential effect of the stereoisomers on the vesicular 
monoamine transporter. As to the influence of the release  
of NA from rat cerebral cortical slices, p-(-)–synephrine,  
but not isomer –(+) demonstrates preferable activity. 

Another interesting observation is that the U-shape 
dose response after administration of S-(+)–p-synephrine 
is possibly related to changes of balance between the nor-
adrenaline uptake-inhibiting activity and noradrenaline 
release-stimulating activity after administration of differ-
ent doses [8].

P-SYNEPHRINE AS A ANTIHYPERTENSIVE AGENT 
ON PORTAL HYPERTENSION

Researchers also investigated the influence of p-syneph-
rine on the adrenergic receptors and blood vessels, notably 
its effect on portal hypertension. The examinations were 
conducted in vivo on rats with induced portal hyperten-
sion due to partial portal vein ligation (PVL) or bile duct 
ligation (BDL). It turns out that p-synephrine significantly 
reduces portal hypertension, as well as the splanchnic hyper-
emic state, and improves hemodynamic parameters such 
as portal tributary blood flow and portal venous pressure 
when compared to the control group. Other hemodynamic 
parameters were also ameliorated [11].

P-SYNEPHRINE AS AN ATIDIABETIC AGENT

p-Synephrine has been shown to have anti-diabetic 
effects. Herein, Taslimi et al. [20], demonstrated that p-syn-
ephrine inhibits α-amylase and α-glycosidase activity and to 
inhibit enzymes such as acetylcholinesterase, butyrylcho-
linesterase and carbonic anhydrase. The compound has also 
been found to affect glucose production and lipid accumu-
lation in in vitro studies with H4IIE rat liver cells. In this 
study, when cells were incubated in glucose-free medium, 
Haas et al. observed an increased concentration of glucose. 
However, p-synephrine in a dose dependent manner (1-100 
uM) decreased production of this compound, as well as the 
level of glucose-6-pshosphatase (G6Pase) and phospho-
enolpyruvate carboxykinase (PEPCK) [23]. Haas et al. also 
noticed that H7, which is an inhibitor of serine/threonine 
kinases PKA (protein kinase A), PKC (protein kinase C) 
and PKG (protein kinase G) blocked suppression of glucose 
production and enhanced glucose production. Furthermore, 
p-synephrine was found to not have influence upon lipid 
accumulation and the level of fatty acid synthase (FAS) and 
phosphorylation levels of 5’ AMP-activated protein kinase 
(AMPK) and Acetyl-CoA carboxylase (ACC) [23].
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SAFETY OF P-SYNEPHRINE AND ITS INFLUENCE 
ON THE CARDIOVASCULAR SYSTEM

Due to the chemical similarity of p-synephrine to other 
sympathomimetic agents such as ephedrine and phenyl-
ephrine and its common incorporation into food supple-
ments, safety concerns have arisen. As previously stated, 
p-synephrine has lower affinity to α1 and α2, as well as 
β1 and β2 receptors compared to sympathomimetic agents. 
Moreover, it was acknowledged that p-synephrine does not 
cause hypertension or tachycardia.

Shara et al. [16], in seeking confirmation of the aforemen-
tioned, undertook a series of in vivo tests in which sixteen 
healthy persons received 48 mg of p-synephrine for 15 
days in a placebo-controlled, cross-over, double-blinded 
study. On the first day of the evaluation, the concentration 
of p-synephrine and caffeine in the participants’ blood were 
estimated. The patients also filled in a questionnaire about 
their metabolism and health. It turned out that there were no 
significant changes in their heart rate or pressure. Nor were 
there any changes observed in the number of blood cells 
and biochemical parameters. Moreover, during the evalua-
tion, none of the patients complained of adverse side effects. 
As a result, Shara et al. concluded that p-syneprine was 
deprived of stimulant and side effects in the cardiovascular 
system [16].

In other research involving the safety of p-synephrine that 
were conducted by Stohs et al. [26], test participants were 
placed into three groups. The first group received 50 mg  
of p-synephrine, the second group – 100 mg of hesperi-
din and the third group – 600 mg of naringin. Seventy-five 
minutes after administration, the researchers did not notice 
any side effects such as an increase of heartbeat or hyper-
tension. Also, other side effects such as headache or nausea 
were not observed [26].

Moreover, Deshmukh et al. [33] in assessing the safety  
of Bitter Orange Extract (BOE) (Citrus aurantium) stan-
dardized on 50% of p-synephrine, revealed that 14 days 
oral exposure of rats to the extract did not induce significant 
side effects in all administrated doses (250, 500, 1000, 2000 
mg/kg), although, in the second week after administration 
of doses 1000 and 2000 mg/kg of extract, the rats displayed 
transient signs of hypoactivity. The BOE also did not evoke 
any mutagenic activity in the Salmonella typhimurium 
reverse mutation (AMES) test [33]. In conclusion, there is 
no evidence to support the danger of synephrine use.

CONCLUSIONS

In this review we demonstrated the wide spectrum  
of biological activity of p-synephrine. Mostly known for 
its sympathomimetic activity, as a more selective agent, 
p-synephrine can replace ephedrine in some aspects. It is 
also deprived of analeptic activity. This speaks for safety 
of this compound. Because of its various mechanisms  
of action, great emphasis is placed on its use in the treat-
ment of obesity. However, increasingly, attention is being 
paid to the numerous other beneficial effects of this sub-
stance. Therefore, it is possible that synephrine will become  
an eligible medication against depression or diabetes.

Table 1. Biological activity of p-synephrine and the method that 
confirmed the activity
Biological activity  
of p-synephrine

Method of evaluation
in vitro

Method of evaluation
in vivo or ex vivo

anti-obesity

HEK293 cell lines 
expressing NMU2R [24];
3T3-L1 preadipocytes cell 

lines [22];
beige adipocytes cell lines 

from stromal vascular 
fractions from mice [15];

Perfused rat liver [19]

rat liver [19,25];
randomized double-blind 

experiments on 13 healthy 
people [21]

anticancer
the human lung 

adenocarcinoma cell line 
A549 [5]

anti-inflammatory 
and antioxidant

NIH/3T3 mouse fibroblast 
cell line and normal human 

fibroblasts (NHFs) [6]

mice with LPS induced 
acute lung injury [7];

determination of oxidative 
stress biomarkers in the 
blood of male albino CF1 

mice [31]

antidepressant 
vesicular monoamine 

transporter [8];
cerebral cortical slices [8]

forced swim test (FST)  
in mice [32]

tail suspension test (TST)  
in mice [8,32];

reserpine-induced 
hypothermia [8]

anti-hypertensive 
in portal 
hypertension

rats with portal 
hypertension (partial portal 
vein ligation (PVL) or bile 
duct ligation (BDL)) [11]

antidiabetic

purified enzymes 
(spectrophotometric 

procedure) [20];
H4IIE rat liver cells [23]
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