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Abstract

Anxiety disorders comprise the most common group of mental disorders to affect the general
population in the United States. These disorders are heterogeneous in nature, highly comorbid
with one another, and pose a degree of difficulty regarding diagnosis and management. The exact
etiology and pathophysiology of anxiety remains to be elucidated; however, it is likely that it is
multifactorial, and all potential causes of anxiety must be investigated, including substance-in-
duced anxiety. Among substances that may induce anxiety are dietary supplements. As utilization
of these products appears to be high in the US population, it is important to identify which of
available supplements may cause anxiety. Objective: To review the scientific literature to identify
dietary supplements associated with induction of anxiety and related symptoms. Methods: A
search of Natural Medicines Comprehensive Database, MedlinePlus Herbs and Supplements, and
Natural Standard was performed to identify dietary supplements with anxiogenic properties. Die-
tary supplements were included based on product availability, utilization trends, and if there was
sufficient evidence that the substance could elicit anxiety via direct pharmacologic effects. Agents
were excluded from the review if anxiety was solely due to withdrawal from the substance or only
occurred in the setting of intoxication. A search of MEDLINE and PUBMED was performed to iden-
tify relevant peer reviewed publications concerning induction of anxiety and/or its associated
symptoms by those dietary supplements chosen for review. Conclusions: Dietary supplements can
contribute to and cause anxiety and its related symptoms via overstimulation of the Central
Nervous System. Healthcare professionals should screen all patients presenting with symptoms
consistent with anxiety for recent or current use of all products capable of inducing anxiety, in-
cluding dietary supplements.
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1. Introduction

“Natural products” is broadly used to describe a variety of agents, such as vitamins and minerals, probiotics, and
herbs [1]. According to the National Center for Complementary and Alternative Medicine [2], “an herb (also
called a botanical) can be any form of a plant or plant product, including leaves, stems, flowers, roots, or seeds
which may be used for its scent, flavor, and/or therapeutic properties.” In the United States, the Dietary Supple-
ment Health and Education Act of 1994 classifies herbs as dietary supplements. Dietary supplements are in-
tended to supplement the diet and may not claim to diagnose, cure, mitigate, treat, or prevent illness; however,
manufacturers are allowed to make claims regarding effects on the structure or function of the human body or
role in promoting general well-being. Dietary supplements are regulated as foods and as such are not subject to
the same rigorous regulatory requirements as pharmaceutical drugs. Therefore, they may be produced, sold, and
marketed without first demonstrating safety or efficacy to the United States Food and Drug Administration
(FDA) [3] [4].

According to a 2007 national survey, 55.1 million Americans have used an herb or supplement, with 17.9% of
total responders reporting use within the past 12 months. Of these responders, 45.4% disclosed use to a medical
professional with the majority of these responders reporting use to a medical doctor. However, less than 1% of
responders reported use to a pharmacist [5]. The relatively low disclosure rate is alarming as herbal supplements
may interact with prescribed drugs and cause adverse reactions.

Anxiety disorders are a group of heterogeneous illnesses that share features of excessive fear and anxiety that
persist beyond developmentally appropriate periods and result in related behavioral disturbances [6]. Anxiety
disorders comprise the most prevalent group of mental disorders to affect the general US population with an es-
timated 12-month and lifetime prevalence rate of 19.0% and 31.0%, respectively [7]. Examples of anxiety dis-
orders include separation anxiety disorder, social anxiety disorder, panic disorder, generalized anxiety disorder,
and substance/medication-induced anxiety disorder, among others [6]. The exact etiology and pathophysiology
of primary anxiety disorders remain overwhelmingly unknown, and comorbidity among anxiety disorders and
with other mental disorders is substantial, making appropriate diagnosis and management complicated [6].

Substance/medication-induced anxiety disorders (SMADs) are related to the physiological effects of a sub-
stance rather than an organically occurring disease as is seen with primary anxiety disorders. However, it is
likely that the physiological effects of anxiety-inducing substances mimic that of primary anxiety disorders. Di-
agnosis of SMADs requires presence of prominent symptoms of anxiety or panic that are judged to be due to the
effects of the substance and temporally associated with exposure to, intoxication with, or withdrawal from the
substance. Patients with symptoms consistent with anxiety should be assessed for presence of SMADs as impli-
cated substances range from drugs of abuse and toxins to medications and dietary supplements. Though preva-
lence is not clear and general population data suggests SMADs are rare, prevalence rates are likely to be higher
in clinical populations [6]. According to the results of a one-year poison center surveillance project of dietary
supplement adverse events, sympathetic nervous system stimulation was the most common type of adverse
event to be reported, which included symptoms of anxiety [8].

Due to the lack of rigorous FDA regulatory requirements, potential safety concerns, high utilization, and low
disclosure rates, it is important to screen patients with symptoms of anxiety for current or recent use of supple-
ments with the potential to induce anxiety. The purpose of this article is to review dietary supplements that are
associated with induction of anxiety symptoms via direct pharmacologic effects. The goal is to provide health-
care professionals with information regarding evidence of anxiety related to herbal supplement use in order to
screen patients for the presence of substance-induced anxiety disorders and to make appropriate recommenda-
tions regarding the use of herbal supplements.

2. Methods

Natural Medicines Comprehensive Database, MedlinePlus Herbs and Supplements, and Natural Standard were
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initially screened for dietary supplements associated with induction of anxiety symptoms. A search of MEDLINE
and PUBMED was conducted for relevant peer reviewed publications on the topics of selected herbal supple-
ments and adverse effects associated with symptoms of anxiety. Agents were screened for inclusion based on
current product availability in the United States, utilization trends in the United States, and evidence to support
an ability to directly stimulate symptoms of anxiety or related symptoms due to the pharmacologic action of the
agent. Agents were excluded if they induce anxiety solely as a consequence of poisoning or as a part of the se-
quelae of withdrawal, or if there was minimal evidence to support an ability to directly induce anxiety or related
symptoms. Please do not revise any of the current designations.

3. Serotonergic Agents, Jitteriness/Anxiety Syndrome, and Serotonin Syndrome

While there are many theories regarding the etiology and pathophysiology of anxiety, the current target of first-
line pharmacotherapy for the treatment of anxiety is founded in the serotonin component of anxiety. Though no
definitive evidence exists to indicate that low serotonin levels is the cause of anxiety, it is postulated that seroto-
nin dysregulation, and the consequential dysregulation of other neurotransmitters, likely contributes to the pa-
thophysiology of the disease. Therefore, antidepressant agents, particularly the selective-serotonin reuptake in-
hibitors (SSRIs) and serotonin norepinephrine reuptake inhibitors (SNRIs), have become first-line options for
the treatment of most anxiety disorders [9]. Likewise, herbal agents that are capable of modulating serotonin are
often promoted for use in anxiety disorders. Unfortunately, serotonergic agents, pharmaceutical and herbal alike,
are not without side effects, and through overstimulation, these agents are capable of causing jitteriness/anxiety
syndrome and inducing serotonin syndrome.

Sinclair, et al. [10] describes jitteriness/anxiety syndrome as a phenomenon thought to be common in patients
initiating therapy with antidepressants due to early activation. This phenomenon is marked by insomnia, anxiety,
irritability, and increased energy, typically occurring during the first few weeks of therapy and secondary to an
increase in serotonin function [9] [10].

Serotonin syndrome (SS) is a predictable consequence of excessive serotonin agonism at both central nervous
system (CNS) and peripheral receptors. SS results in a triad of symptoms, including neuromuscular abnormali-
ties, autonomic instability, and mental-status changes that occur within 24 hours of administration or overdose
of at least one serotonergic agent. Symptoms can range in severity, from barely detectible to lethal. Two com-
mon findings in patients with excess serotonin agonism include anxiety and akathisia, and both may be observed
in even mild forms of SS. However, anxiety and akathisia are often attributed to the psychiatric illness rather
than to the drug therapy, and anxiety due to excess serotonin agonism may be overlooked [11]-[13].

A number of drugs and drug combinations have been associated with SS, including SSRIs, SNRIs, tricyclic
antidepressants (TCAs), monoamine oxidase inhibitors (MAQIs), amphetamine and its derivatives, triptans,
buspirone, and various drugs of abuse, over-the-counter (OTC) products, and herbal agents, among others [11]
[14]. While the risk of developing SS may be higher in patients taking multiple serotonergic agents or who have
considerable exposure to a single serotonergic agent, SS can occur even in patients taking a single agent at a
therapeutic dose [15]. Therefore, it is important to screen patients with complaints of anxiety for any serotoner-
gic medications, including herbal therapies, and to evaluate possible causality. The following agents with sero-
tonergic properties are promoted for treatment of anxiety and may induce anxiety via the same mechanism.

3.1. St. John’s Wort (Hypericum perforatum)

St. John’s wort is one of the oldest and most robustly investigated medicinal herbs. St. John’s wort is the com-
mon name for Hypericum perforatum, a yellow flowered perennial herb native to Europe, West Asia, and North
America [16]. The important bioactive components of St. John’s wort are concentrated in the buds, blossoms,
and tips of the twigs of the plant [16]. It is available in a wide variety of formulations, including teas, tinctures,
tablets, capsules, oils, and juice preparations from the raw drug, fluid and dried extracts, and pressed juices [16].
St. John’s wort is commonly used for the treatment of mental health disorders, including mood and anxiety dis-
orders, with the majority of positive efficacy evidence existing for its use in the treatment of depression [17].
The exact mechanisms of action remain unclear, though available research suggests that various bioactive
constituents, including hypericin, pseudohypericin, hyperforin, and adhyperforin, among others, contribute to its
pharmacologic effects [16] [18]. Evidence supports the hypothesis that St. John’s wort is a non-specific inhibitor
of synaptic reuptake of serotonin, norepinephrine, and dopamine, and it stimulates a downregulation of beta-
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adrenergic receptors and an upregulation of 5-HT2 receptors [16] [18]. Activity at benzodiazepine, adenosine,
inositol, gamma-aminobutyric acid (GABA), N-methyl-D-aspartate (NMDA), and cholinergic receptors may
also contribute to its clinical effects [18].

Symptoms of nervousness, including restlessness, anxiety, and agitation, are listed among common adverse
effects in published studies of St. John’s wort [18] [19]. In pooled data from the World Health Organization, the
Medicines and Healthcare Products Regulatory Agency, and the Drug Commission of the German Medical As-
sociation, nervousness and anxiety associated with St. John’s wort have been reported with relatively high fre-
quency [19]. As of May 2001, there were 79 reports of nervous symptoms suspected to be adverse reactions to
St. John’s wort [19]. After paresthesia, headache and itching, and alongside skin erythema/rash and nausea, an-
xiety was listed among the third most frequently reported single adverse events related to St. John’s wort [19].

In addition to reports of single adverse events of anxiety, case reports and case series of symptoms consistent
with SS associated with St. John’s wort have been published. SS has been reported in patients using St. John’s
wort in combination with prescription medications with serotonergic properties, including buspirone [20], vari-
ous antidepressants, such as fluoxetine, paroxetine, sertraline, nefazodone [18] [21]-[23], and eletriptan [21]. In
the aforementioned pooled data, there were 18 reports of possible interactions with SSRIs and St. John’s wort
resulting in SS [19]. SS has also been reported in patients using St. John’s wort in combination with other herbal
medications, including tryptophan [24], kava kava, and valerian root [25]. Even when used as monotherapy,
cases of SS have been reported [26] [27].

It is also important to note that there is evidence that St. John’s wort acts as a potent enzyme inducer, with a
pronounced effect on cytochrome (CYP) P450 3A4 [28]. This may have a substantial impact on the effective-
ness of pharmaceutical agents, as at least half of those agents currently available on the market are metabolized
via this pathway, including a number of agents used for the treatment of anxiety [28]. While additional studies
are needed to establish if and how St. John’s wort may interact with specific agents, there is evidence that St.
John’s wort decreases the serum concentrations of alprazolam and amitriptyline, both of which may be used in
the treatment of anxiety disorders [28] [29]. Due to the possibility of SS and reduction in serum concentration of
agents that may be used for the treatment of anxiety, patient profiles must be carefully reviewed for potential
drug interactions prior to recommending St. John’s wort or prescribing new medications or adjusting doses in
patients currently taking St. John’s wort.

3.2. S-Adenosylmethionine (SAMe)

S-adenosylmethionine (SAMe) is a naturally occurring molecule that is widely distributed throughout the body
[30]. SAMe serves as a methyl donator in enzymatic transmethylation for more than 100 biochemical reactions
and contributes to the synthesis, activation, and/or metabolism of such compounds as hormones, neurotransmit-
ters, nucleic acids, proteins, phospholipids, and certain drugs [30]. Common uses of SAMe include treatment of
mental disorders, chronic pain disorders, and metabolic disorders, with the most positive evidence of efficacy
demonstrated for use in depression and osteoarthritis [30].

The mechanism of action of SAMe for the treatment of anxiety and depression is unknown. However, SAMe
serves as a methyl-donating cofactor in the rate-limiting step in the synthesis of serotonin, dopamine, and nore-
pinephrine, and it is associated with elevated levels of these neurotransmitters [31]. In addition, neuroimaging
studies reveal that the effects of SAMe on the brain are similar to those of conventional antidepressants, includ-
ing TCAs, SSRIs, and SNRIs [32] [33]. SAMe is available in several salt forms with varying bioavailability and
is often marketed as a single-agent product [30].

Although SAMe is generally well-tolerated, nervousness has been listed among general adverse effects [31].
In addition, its use in depressed patients has been associated with anxiety [30]. In a small pilot study, the safety
and efficacy of SAMe administered in doses of 800 to 3600 mg per day for a 10-day duration was evaluated for
the treatment of depression in patients with Parkinson’s disease who failed trials with other antidepressant
agents [34]. Two of the 13 enrolled patients (15.4%) prematurely withdrew from the trial due to reports of in-
creased anxiety [34]. In a double blind, randomized trial evaluating augmentation with SAMe in serotonin reup-
take inhibitor nonresponders with major depressive disorder, activation (defined as symptoms of restlessness,
anxiety, jitters, or irritability), was reported in 3 of 39 (7.7%) patients receiving antidepressant plus SAMe [35].
However, activation was also reported in 4 of the 34 (11.8%) patients receiving antidepressant plus placebo, and
the difference did not reach statistical significance [35].
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In addition to reports of anxiety and nervousness in clinical trials, SAMe also has the theoretical ability to in-
duce SS. Iruela, et al. [36] described a potential case of SS marked by anxiety, agitation, and confusion in a pa-
tient taking SAMe and clomipramine. To our knowledge, there have been no additional published reports of SS
in patients taking SAMe. Due to evidence of nervousness and anxiety in clinical trials, and the potential to in-
duce SS, use of SAMe in individuals with anxiety disorders or those prone to anxiety is possibly unsafe, and use
with other serotonergic agents should be avoided.

3.3. Tryptophan and 5-Hydroxytryptophan (5-HTP)

Tryptophan is an essential amino acid that is converted into 5-Hydroxytryptophan (5-HTP) [37]. 5-HTP is
structurally and functionally related to serotonin (5-HT) as 5-HTP is converted to 5-HT in the presence of vita-
min B6 [37]. Increased tryptophan concentrations in the brain have been shown to raise serotonin release, and it
is likely that 5-HTP and its conversion to serotonin are dependent on the availability of tryptophan [38]. Tryp-
tophan and 5-HTP are commonly used for the treatment of conditions in which a lack of serotonin is thought to
contribute to the etiology or pathophysiology of the disease. Both are often used for the treatment of various
mental disorders and may be used in the treatment of chronic pain and neurologic disorders [39] [40].

Both tryptophan and 5-HTP have a theoretical ability to induce anxiety symptoms via stimulation of serotonin
synthesis. As previously mentioned, SS has been reported in a patient taking St. John’s wort in combination with
tryptophan [24]. In rat models, administration of 5-HTP in doses of 100 to 200 mg/kg induces SS [38]. To our
knowledge, there have been no reports of SS related to 5-HTP consumption in humans; however, the possibility
cannot be ruled out. The risk is likely higher when used in combination with other serotonergic medications.

In addition to serotonergic medications, those drugs that can inhibit the metabolism of 5-HTP and improve its
ability to cross the blood brain barrier would also theoretically increase this risk. Of note, carbidopa has been
used in combination with 5-HTP for the treatment of myoclonus in order to block peripheral break down of
5-HTP and enhance its ability to cross the blood brain barrier [41]-[43]. Such a combination may result in higher
CNS concentrations of 5-HTP, and consequently 5-HT, potentially increasing risk of SS.

In general, use of tryptophan is considered to be unsafe as it has been linked to over 1500 reports of eosino-
philia myalgia syndrome (EMS) and several deaths [39]. Use of 5-HTP should also be avoided as it may cause
asymptomatic eosinophilia or EMS and is possibly unsafe, though evidence of an association is not as strong as
with tryptophan [40].

4. Caffeinated Central Nervous System Stimulants

Caffeine is found naturally in over 60 species of plants such as coffee (Coffea robusta/arabica), tea (Camellia
sinensis), cocoa (Theobroma cacao), guarana (Paullinia cupana), yerba mate (llex paraguariensis) and kola nut
(Cola nitida/acuminata) [44]. These plants and their extracts are regularly consumed as part of a normal diet.
Additionally, caffeine can be found in other substances such as soft drinks, energy drinks, chocolate, dietary
supplements, and medications. In the United States, it is estimated that average caffeine consumption is ap-
proximately 4 mg/kg per day in the adult population [45]. Caffeine can increase wakefulness, improve mental
alertness, increase attention, reduce reaction time, and decrease fatigue. It has also been suggested that caffeine
may help reduce risk factors for metabolic syndromes, such as type 2 diabetes mellitus and obesity, and reduce
symptoms associated with Parkinson’s disease [45].

Caffeine is a trimethylxanthine closely related to theophylline. The main mechanism of action of caffeine is
nonselective inhibition of adenosine receptors and phosphodiesterase, which can result in CNS stimulation and
increased levels of dopamine, norepinephrine and serotonin in the brain. Caffeine is rapidly and completely ab-
sorbed with peak plasma concentration reached at 30 minutes post-consumption. It is metabolize extensively in
the liver with an elimination half-life of 5 hours [44] [46]. At the lower dose range of 70 to 100 mg, caffeine ex-
hibits linear pharmacokinetics. However, the clearance of caffeine is reduced and the elimination half-life is
prolonged at the higher dose range of 250 to 500 mg [45].

Caffeine generally causes no adverse health effects when consumed in moderation (less than or equal to 400
mg/day or 6.5 mg/kg/day for a 70 kg-adult) [45]. Toxicity from caffeine is rare as most adults can develop to-
lerance from chronic consumption. An estimated lethal dose of caffeine is 150 to 200 mg/kg or 10 to 20 gm/day;
however, significant symptoms were reported in one adult who consumed 1 gm of caffeine. Early symptoms of
acute caffeine toxicity include anorexia, tremor, restlessness, nausea, vomiting, and tachycardia [46].
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At higher doses or in susceptible individuals, caffeine can lead to “caffeinism” which can present as anxiety,
nervousness, dysphoria, insomnia, excitement, psychomotor agitation, and rambling speech [47]. A study in
light, nondependent caffeine users (average caffeine consumption of 116 mg/week) has found that caffeine can
cause anxiety symptoms at a dose of 450 mg, but the same effect is not seen at lowers doses of 50 mg or 150 mg
[48]. In addition to dose, the anxiogenic effect is also dependent on individual factors such as caffeine prefe-
rence, baseline psychiatric disorders, and genetic background [47]. Patients with a history of panic disorder,
general anxiety disorder, performance social anxiety disorder, or major depressive disorders are more vulnerable
to the anxiogenic effects of high dose caffeine (greater than 400 mg) [47] [49] [50]. Genetics may also play an
important role, as individuals with 1976T/T genotypes for A2A adenosine receptors exhibit a greater increase in
anxiety after caffeine consumption [47] [51].

Although caffeine can have beneficial health effects when consumed in moderation, higher doses can have a
negative impact on psychiatric symptoms. While most caffeinated substances do not pose a health concern when
used individually at moderate doses, risk of adverse effects increases when multiple caffeine-containing agents
are used together or when high doses are consumed. As caffeine-containing products are common, patients
should be aware of additive effect, especially when considering products such as energy drinks and weight loss
supplements.

The following substances can be associated with anxiety and its related symptoms through CNS stimulation
due to caffeine content.

4.1. Tea (Camellia sinensis)

Second to water, tea is the most commonly consumed beverage in the world. It is commonly used for short-term
relief of mental and physical fatigue, increased performance capabilities, and promotion of mental alertness [44]
[52]. The beneficial effects of tea could be due to the high levels of antioxidant such as polyphenol catechins
which can have free-radical scavenging properties and inhibition of inflammation. In studies evaluating the ef-
fects of tea consumption, a number of health benefits were seen. Tea is associated with a reduced risk of stroke
and depression and improved metabolic profiles, including positive effects on glucose levels, lipids, weight, and
blood pressure [52].

The adverse effects associated with tea are related to the caffeine content. An 8 ounce cup of green or black
tea contains approximately 14 to 61 mg of caffeine [52]. Despite evidence of proven health benefits, patient
should avoid heavy daily consumption of tea as high dose caffeine intake is associated with insomnia, anxiety,
restlessness, and tachycardia.

4.2. Coffee (Coffea robusta/arabica)

Coffee is the third most commonly consumed beverages in the world and serves as the main source of caffeine
intake in adults in the western countries [44] [52]. Coffee consumption is associated with a lower risk of heart
failure, stroke, diabetes mellitus, and reduced rate of all-cause and cardiovascular mortality [52]. Consumption
of coffee, not tea, has shown to have an inverse relationship with Alzheimer’s disease [44].

Similar to tea, the adverse effects associated with coffee are related to the caffeine content. An 8 ounce cup of
coffee contains 95 to 200 mg of caffeine [52]. Patient should avoid heavy daily consumption of coffee as high
dose caffeine intake can cause insomnia and anxiety. Additionally, increased risk for fracture has been observed
in women and high caffeine intake may increase calcium and magnesium urinary excretion which can affect
bone health [52].

4.3. Cocoa (Theobroma cacao)

Cocoa, also known as Cacao, is derived from the seeds of the Theobroma cacao L. tree and it is commonly used
as an ingredient in food products, such as chocolate [53]. Cocoa is a complex plant product that contains over
300 different constituents. Its major components include cocoa butter, minerals, methylxanithines (theobromine
1% to 4% and caffeine 0.07% to 0.36%), and polyphenols [54] [55]. It has been shown to have various health
benefits, such as reduced body weight, enhanced cognition, protection against insulin resistance, and anti-in-
flammatory properties [56]. Consumption of cocoa and chocolate has also been shown to potentially prevent de-
pression due to the conversion of cocoa-derived tryptophan into serotonin in one animal study [54]. Cocoa is
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generally well tolerated, but it can cause allergic skin reactions, shakiness, increased urination, increased heart
rate, constipation, and migraine headaches in some patients. Although the concentration of caffeine in cocoa is
low, it may have additive effects when used with other caffeine-containing products and increase the risk of ad-
verse effects [55].

4.4. Cola Nut (Cola nitida/acuminata)

The cola nut, also called kola, is from the Cola species originating in western Africa. Commercially available
cola nuts are cultivated primarily from seeds of two species: Cola nitida and Cola acuminata. The cola nut
comprises the bulk of the seed, is brownish in color, and is approximately the size of a chestnut. When fresh, it
is bitter tasting, but after drying, the taste becomes mild with an odor similar to nutmeg. Caffeine content of
herbal preparation of cola nut extracts varies between 1.5% to 3.8% [57]. Cola nut can be used for short-term re-
lief of mental and physical fatigue, weight loss, depression, and migraines. Cola nut extract is also used in the
food industry as a natural flavoring agent [57] [58].

Cola nut acts as a potent CNS stimulant due to its high concentration of caffeine, and adverse effects are
usually related to the caffeine content. In one animal study, cola nut extract exhibited a more gradual onset but
similar neurostimulatory effects as compared to caffeine. Cola nut has been listed as an herb that can cause irri-
tation to the gastrointestinal tract and should not be used during pregnancy unless the potential benefits out-
weigh the potential risk [57].

4.5. Guarana (Paullinia cupana)

Guarana, also called guaranine, is a rainforest vine native to the Amazon and it belongs to the subfamily Sapin-
doideae. The seeds from the guarana fruit are usually dried or roasted and contain 2.5% to 6% of caffeine com-
pared to 1% to 2% in coffee. Other alkaloids, such as theobromine and theophylline, were also found in small
quantity in guarana [59] [60]. Due to its stimulating properties from the caffeine content, guarana has long been
used by the Amazon Indians from Maues for the purpose of hunting over long periods of time. It has also been
used as a tonic to promote functioning of the kidneys, muscles, heart, stomach, and intestines, to treat high cho-
lesterol, to reduce appetite, and to improve sexual potency [60]. Adverse effects from guarana are usually related
to the caffeine content. In a single-blind, placebo-controlled study by Silvestrini et al. [61], healthy subjects
were given 3 capsules of 360 mg of guarana extract daily for 5 days to assess the psychological effects of com-
mercial products containing guarana. The study did not find that guarana has an effect on psychological well-
being, anxiety, or mood [61]. However, the lack of benefit or adverse effects seen in this study may be attributa-
ble to the relatively low total daily dose administered, as 1080 mg/day of guarana is approximately equal to 27
mg/day of caffeine [61].

Guarana can be found among ingredients listed in energy drinks, and there have been reports of psychiatric
adverse effects such as anxiety, restlessness, and irritability associated with energy drinks. Although the amount
of guarana found in energy drinks is usually too low to elicit therapeutic benefits or adverse effects, the psychia-
tric disturbance can be a result of heavy consumption. In addition to the caffeine already present in energy
drinks, guarana can increase the total caffeine content by 60 mg per drink. Adolescents seem to be more vulner-
able to these adverse effects and heavy use of energy drinks in this population should be discouraged [62] [63].

4.6. Yerba Mate (Ilex paraguariensis)

Mate, also known as yerba mate, is an herbal beverage made from the dried leaves of llex paraguariensis, a
plant of the Aquifoliaceae family. It is commonly used in southern Latin American countries, such as southern
Brazil, Argentina, Paraguay, and Uruguay, as a source of caffeine and for its medicinal properties. It is commer-
cially available in the United States as individual packed tea bags, oral capsules, or as mate tea concentration for
use as an ingredient in the food and dietary supplement industries [64] [65]. It contains numerous active phyto-
chemicals that may be responsible for its health benefits. The two compounds found in the highest concentration
are the polyphenols (chlorogenic acid) and xanthines (caffeine and theobromine) followed by purine alkaloids,
flavonoids, amino acids, minerals and vitamins such as vitamin C, B1 and B2 [64]. Of the various xanthines that
are found in mate, caffeine has the highest concentration (1% to 2% of dry weight), which may be responsible
for its pharmacologic effects. The concentration of caffeine in mate tea is approximately 78 mg per cup (150
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mL), which is similar to the caffeine content in coffee [64]. In addition to reducing fatigue via CNS stimulation,
mate has also been used as an antioxidant, diuretic, mild analgesic, weight loss supplement, lipid-lowering agent,
and for the treatment of urinary tract infections. Adverse effects from mate are usually related to the caffeine
content. Chronic and heavy consumption has been associated with development of oral, esophageal, lung, blad-
der and kidney cancer in epidemiological studies [64] [66]. The data regarding its carcinogenic risk is inconclu-
sive at this point, but contamination with alkylating agents during the drying process of the leaves may be respon-
sible. Until more is known about its carcinogenic potential, patients should be discouraged from using mate [65].

5. Non-Caffeinated Central Nervous System Stimulants

The following herbal supplements can be associated with anxiety and its related symptoms via CNS stimulation
through a variety of proposed mechanisms.

5.1. Khat (Catha edulis)

Khat, or Catha edulis from the Celastraceae family, is native to East Africa and some countries of the Arabian
peninsula where it is cultivated and harvested throughout the year [67] [68]. Its use is generally limited to these
regions as it is believed that leaves of this flowering evergreen must be fresh in order to elicit the desired stimu-
lating effects, which are thought to decline within 48 hours after the leaves are removed from the tree and dried
[67] [69] [70]. Traditionally, the leaves of this shrub are used in social settings for their euphoric effects, most
notably by men during cultural based activities [67] [68] [71]. Chewers will use the leaves and shoots, swallow-
ing the juice and rejecting the residues. Doses may vary, but it has been reported that approximately 100 to 200
grams of young fresh leaves are favored due to increased potency and tenderness [67] [71]. It is estimated that
five to ten million people chew Khat on a daily basis [70] [72]. To help facilitate global use, air transport and
immigrant importation has increased distribution to areas where Khat is not a native plant [73] [74]. US Cus-
toms report that smugglers bring in fresh Khat on Thursdays, Fridays, and Saturdays for weekend use, through
methods of freezing as preservation to maintain its potency [67].

The active constituents of Khat are cathinone and cathine (norpseudoephedrine). Both closely resemble am-
phetamine in chemical structure, with the key difference being the carbonyl group of cathinone, where one may
find a methylene group on the amphetamine side-chain. An analysis of Khat samples show variation in cathi-
none content depending on country of origin, ranging from 0.9% to 3.3% [75]. As these compounds are all de-
rivatives of phenethylamines, Khat has been considered a “natural amphetamine” with symptoms reminiscent of
those induced by its more well-known analogue [74]. Like amphetamine, Khat has sympathomimetic effects
lending to increases in blood pressure, heart rate, temperature, and mydriasis [76] [77]. Psychostimulatory ef-
fects such as delusions, paranoia, irritability, nervousness, hyperactivity, anxiety, and toxic psychosis have all
been reported in association with Khat or its constituents [67] [68] [74] [76]-[79]. In a Yemen study of healthy
adult volunteers, Hassan et al. [80] specifically addresses anxiety and depression as a temporary effect of Khat
after 3 hours of chewing. However, this effect was found to disappear the next day [80] Although large, rando-
mized clinical data is limited regarding the direct anxiogenic effects of Khat, the stimulatory effects of its com-
ponents is often directly compared to amphetamines which has been previously correlated to anxiety.

There are no well-designed clinical trials validating the use of Khat in traditional medicine and its use is pri-
marily recreational. The stimulating effect increases alertness and energy and induces a feeling of elation, well-
being, and enhanced imagination [69] [70]. Its ability to ward off fatigue, improve attention, and reduce appetite
is appealing to students, laborers [71] [74], and drivers, where it has been described as a contributor to road traf-
fic injuries in Ethiopia [79] [81]. The negative socio-economic impact [82] and the documented addictive prop-
erties of Khat led the World Health Organization (WHO) to declare it as a highly addictive drug in 1980. Cathi-
none and cathine are also listed in the 1971 United Nations Convention on Psychotropic Substances under
Schedules | and 111, respectively. In the Unites States, under the Drug Enforcement Agency (DEA) and Con-
trolled Substance Act, cathine is a Schedule IV stimulant, and cathinone and Khat are illegal Schedule | stimu-
lants due to lack of accepted safety issues [83]. Patients should be advised against the recreational use of Khat
due to addictive potential and cardiovascular and CNS effects.

5.2. Yohimbine (Pausinystalia yohimbe)

Yohimbine, or Pausinystalia yohimbe from the Rubiaceae family, is an alkaloid extract found in the bark of the
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West African yohimbe tree [84] [85] and has been used for over 100 years as an aphrodisiac for the treatment of
impotence [85]. Yohimbine’s pharmacologic activity has not been completely elucidated in humans. However,
its clinical effects are attributed to potent alpha2-adrenergic receptor antagonism, which may increase penile
blood flow and CNS activity resulting in increased parasympathomimetic and cholinergic activity [85] [86]. The
erectogenic effect is likely multifactorial as it may treat various forms of impotence [85] and sexual dysfunction
caused by SSRIs [86] [87].

For problems with sexual performance, the typical dose of yohimbine is based on the most commonly used
dosages in the current literature with oral doses ranging from 15 to 100 mg daily in divided doses, although this
practice is not standardized with most trials administering yohimbine once daily [84] [88] [89]. Yohimbine is
currently available in several sexual enhancement products [90], and in combination with other drugs or sup-
plements, such as caffeine, there has been noted additional positive effects on sexual function [91]. However,
the amount of active yohimbine alkaloid varies markedly between non-standardized herbal products with Betz et
al. [92] noting little to no plant material in commercial products.

In addition to the peripheral alpha2-adrenoceptor antagonism, it has been postulated that yohimbine plays a
role in central modulation, stimulating noradrenergic (NA) cell firing and release [86]. This central NA activity
has been previously proposed as a contributor to negative emotions such as anxiety and/or fear [93]. Yohim-
bine’s central activity thus may contribute to the anxiogenic symptoms associated with its administration. Dur-
ing a six-year retrospective review of California Poison Control reporting, there were approximately 238 re-
ported cases of yohimbine adverse events. The frequency of anxiety/agitation related adverse events was re-
ported to be 32.9% [94].

Anxiety has been reported to occur in doses ranging from 30 to 60 mg [95]-[97], and in healthy adults with no
medical history, increased symptoms of panic have been noted [98]. More importantly, patients with preexisting
psychiatric disorders, such as anxiety disorder, panic disorder, and posttraumatic stress disorder, may be at in-
creased risk for triggering acute symptoms of anxiety and panic after yohimbine exposure [99]-[102]. In panic
disorder patients, 63% reported symptoms similar to those of their naturally occurring panic attacks after intra-
venous administration of yohimbine (0.4 mg/kg) [100]. Albus et al. [102] noted more pronounced anxiety and
panicky ratings in panic patients compared with controls after administering 20 mg of yohimbine. The findings
of these investigations suggest anxiety and panic disorders may occur in a variety of users, and all patients, par-
ticularly those with psychiatric disorders, should be advised of the anxiogenic effects associated with yohimbine
use.

5.3. Ephedra (Ephedra sinica)

As an evergreen shrub-like plant native to Central Asia and Mongolia, Ephedra sinica is the most common
source of ephedra (Mua Huang) [103]. The principal active ingredient found in the stem and leaf of the tree is
ephedrine, which has been used in traditional Chinese medicine for thousands of years to treat colds, fever,
headaches, asthma, wheezing, and nasal congestion [104] [105]. This should be distinguished from Mormon tea
which lacks ephedrine and its associated side effects. In the United States, ephedra products were marketed for
weight loss, weight management, energy enhancement, and athletic performance until its ban in 2004 with over
200 over-the-counter products available in the late 1990’s [103]. In a multistate survey of US adults conducted
between 1996 and 1998, 7% or respondents reported overall nonprescription weight loss product use, and 1%
reported ephedra product use [106].

The primary mechanism of action of ephedrine’s weight loss effect is CNS stimulation, resulting from in-
creased release of norepinephrine and dopamine. Mild cardiovascular and CNS stimulant effects include head-
ache, tremor, sweating, palpitations, and insomnia. More severe effects that may occur after overdose include
anxiety, agitation, psychosis, seizures, palpitations, and chest pain [107]. Thus, ephedrine’s use is contraindi-
cated in patients with history of heart disease and patients with chronic anxiety/psychiatric disorders, among
others. Side effects of anxiety, tremulousness, insomnia, and personality changes were known to exacerbate un-
derlying conditions [108]. In 2004, the FDA banned the sale of ephedra-containing dietary supplements in the
United States. The FDA identified these supplements to have an unreasonable risk of injury or illness [109].
This ruling was based on peer reviewed scientific literature and a number of reports of increased sympathetic
activity leading to increased blood pressure and heart rate and reports of serious cardiac toxicity and cerebro-
vascular events in persons taking ephedrine [109] [110]. Ephedra-containing botanicals products are much more
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likely to result in severe medical outcomes than those without ephedra [111], and Bent et al. [112] described the
increased relative risk for adverse reactions of Ephedra as compared to other commonly used herbal products. In
combination products, ephedra has often been combined with caffeine and guarana, which has been associated
with increased adverse effects and toxicity [113] [114].

Although ephedra is on the list of currently banned items in the United States, its use remains prevalent
among athletes attempting to enhance athletic performance [115], and health authorities have struggled to con-
trol its public use despite government regulation [116]. Additionally, the 2004 FDA ban did not apply to tradi-
tional ephedra herbal teas regulated as conventional foods that may still be available in traditional Chinese stores
and through illicit channels. Thus, the use of ephedrine may be underestimated. Due to potentially dangerous
outcomes, patients should be cautioned against its use.

5.4. Country Mallow (Sida cordifolia)

Country Mallow as it is known in English may also be referred to as malva branca (white mallow) in Brazil and
bala in India as it is extensively used as an herbal drug in these countries [117] [118]. Country mallow may also
be referred to by its scientific name Sida cordifolia Linn as a part of the Malvaceae family [117]. This bush can
grow up to 2 m (6.5 ft) in height, with light green leaves oval-elongated in shape and white or yellow flowers
[118] [119].

The plant Sida cordifolia mainly contains alkaloids, fatty oils, and steroids [120] [121]. The various portions
of the plant such as the root, stem, and leaves have all demonstrated varying degrees of anti-inflammatory [119]
[120], analgesic [119]-[122], antimicrobial [121], and hypoglycemic activity [120] in animal models. Research
is generally limited to animal or in vitro studies, and clinical evaluation in humans is lacking, leaving insuffi-
cient evidence regarding the effectiveness of county mallow [117]. Country mallow is available as a 300 mg
strength supplement and may be used as a tea infusion or in oral formulations [118]. As a tea infusion, it is
commonly used for colds, flu, asthma, bronchitis, inflammation, and fluid retention. In herbal combination
products, country mallow is used for weight loss, fat burning, and to increase energy [117] [118].

Chemical analysis of country mallow has mainly demonstrated the presence of sympathomimetic amines and
ephedrine [121]. Animal studies appear to find aqueous extracts to have low toxicity [119] [122]; however, large
doses may cause or exacerbate anxiety due to the associated CNS stimulant effects of ephedrine. There are no
studies linking Country Mallow directly to anxiety; however, it is proposed that the effect would be comparable.

In the 2004 FDA ban on ephedra-containing dietary products, ephedrine alkaloids such as Sida cordifolia
were also included [109] [123]. However, the product is still available from overseas vendors through internet
purchasing. Due to insufficient evidence regarding efficacy and regulatory safety concerns, patients should be
advised against the use of Country Mallow and Ephedra as the potential risks currently outweigh any potential
benefits [117].

6. Discussion and Conclusions

There are a number of dietary and herbal supplements available commercially and used globally that appear to
have the potential to cause anxiety and associated symptoms, including serotonergic agents, caffeinated products,
and CNS stimulants. As dietary supplements are not subject to the same regulatory requirements as conventional
medications, published research is limited, and the exact mechanisms of action of available dietary supplements
remain overwhelmingly unknown. However, from what is known about the pharmacologic activities of these
supplements and their constituents, it appears that overstimulation of the CNS is a common theme. For the most
part, when used in moderation and at established therapeutic doses, the risk of causing anxiety with these sup-
plements is relatively low. However, risk appears to increase when consumption is higher than recommended
therapeutic ranges or when used in combination with other agents that exhibit similar pharmacologic effects.

Due to the relatively high utilization of dietary supplements and relatively low disclosure rates to convention-
al medical professionals, notably, pharmacists, it is imperative that comprehensive medication profiles include
dietary supplements. Those presenting with symptoms consistent with anxiety should be screened for recent or
current use of all products capable of inducing anxiety, including dietary supplements. It is also important to
consider the risk of inducing or exacerbating anxiety symptoms, especially in those with a history of psychiatric
disorders, when recommending use of dietary supplements.
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