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Abstract Research in the area of herbal psychopharmacology has revealed a variety of promising medicines that
may provide benefit in the treatment of general anxiety and
specific anxiety disorders. However, a comprehensive
review of plant-based anxiolytics has been absent to date.
Thus, our aim was to provide a comprehensive narrative
review of plant-based medicines that have clinical and/or
preclinical evidence of anxiolytic activity. We present the
article in two parts. In part one, we reviewed herbal medicines for which only preclinical investigations for anxiolytic activity have been performed. In this current article
(part two), we review herbal medicines for which there
have been both preclinical and clinical investigations of
anxiolytic activity. A search of MEDLINE (PubMed),
CINAHL, Scopus and the Cochrane Library databases was
conducted (up to 28 October 2012) for English language
papers using the search terms ‘anxiety’ OR ‘anxiety disorder’ OR ‘generalized anxiety disorder’ OR ‘social phobia’ OR ‘post-traumatic stress disorder’ OR ‘panic
disorder’ OR ‘agoraphobia’ OR ‘obsessive compulsive
disorder’ in combination with the search terms ‘Herb*’ OR
‘Medicinal Plants’ OR ‘Botanical Medicine’ OR ‘Chinese
herb*’, in addition to individual herbal medicines. This
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search of the literature revealed 1,525 papers, of which 53
plants were included in the review (having at least one
study using the whole plant extract). Of these plants, 21
had human clinical trial evidence (reviewed here in part
two), with the other 32 having solely preclinical evidence
(reviewed in part one). Support for efficacy was found for
chronic use (i.e. greater than one day) of the following
herbs in treating a range of anxiety disorders in human
clinical trials: Piper methysticum, Matricaria recutita,
Ginkgo biloba, Scutellaria lateriflora, Silybum marianum,
Passiflora incarnata, Withania somniferum, Galphimia
glauca, Centella asiatica, Rhodiola rosea, Echinacea spp.,
Melissa officinalis and Echium amoenum. For several of
the plants studied, conclusions need to be tempered due to
methodological issues such as small sample sizes, brief
intervention durations and non-replication. Current evidence does not support Hypericum perforatum or Valeriana spp. for any anxiety disorder. Acute anxiolytic activity
was found for Centella asiatica, Salvia spp., Melissa officinalis, Passiflora incarnata and Citrus aurantium. Bacopa
monnieri has shown anxiolytic effects in people with
cognitive decline. The therapeutic application of psychotropic plant-based treatments for anxiety disorders is also
discussed, specifically Psychotria viridis and Banisteriopsis caarti (ayahuasca), Psilocybe spp. and cannabidiolenriched (low tetrahydrocannabinol (D9-THC)) Cannabis
spp.

1 Introduction
Generalized acute anxiety, and specific anxiety disorders
such as generalized anxiety disorder (GAD), social phobia
(SP), obsessive-compulsive disorder (OCD), panic disorder
(PD) and post-traumatic stress disorder (PTSD) present a
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challenge for clinicians [1]. Although conventional pharmacotherapies and psychological interventions are frontline approaches, plant-based medicines may offer an
additional safe and effective treatment option. As detailed
in part one of this review [2], phytotherapeutic interventions that may benefit anxiety disorders are classed as
‘anxiolytics’, and usually have effects on the GABA system [3] either via inducing ionic channel transmission by
voltage-gated blockage, or through alteration of membrane
structures [4], or less commonly via binding with benzodiazepine receptor sites (e.g., GABA-a) [5], GABA-transaminase or glutamic acid decarboxylase inhibition [6] or
interactions with several monoamines.
Although there are general reviews in the area [7–9],
there is currently no specialized review comprehensively
detailing both preclinical and clinical evidence for an
expansive list of psychotropic plant medicines with anxiolytic activity. In this two-part paper, we provide a comprehensive review of plant-based medicines that have been
assessed in human clinical trials (here in part two) and
those for which only preclinical studies have been performed (part one) [2].
A search of the electronic databases MEDLINE (PubMed), CINAHL, Scopus and The Cochrane Library was
conducted to review the evidence of plant-based medicines
for treating anxiety. Databases were searched for English
language papers containing in vitro, in vivo and clinical
data of plant medicines studied specifically for anxiolytic
activity. A comprehensive search was conducted for all
available literature up to 28 October 2012 using the search
terms ‘anxiety’ OR ‘anxiety disorder’ OR ‘generalized
anxiety disorder’ OR ‘social phobia’ OR ‘post-traumatic
stress disorder’ OR ‘panic disorder’ OR ‘agoraphobia’ OR
‘obsessive compulsive disorder’, combined with the search
terms ‘Herb*’ OR ‘Medicinal Plants’ OR ‘Botanical Medicine’ OR ‘Chinese herb*’, in addition to individual plant
medicines (both common names and Latin binomial names
where appropriate). Papers that met the inclusion criteria of
evidence for clinical efficacy were clinical trials (or metaanalyses in the case of kava, which has had many studies
conducted) that consisted of acute or chronic human studies
using plant-based medicines to treat anxiety, or involved
preclinical methodology assessing an anxiolytic effect. No
restriction was placed on sample size or methodology in
respect to randomization, blinding or control. The term
‘significant’ was regarded as a p value of less than 0.05.
Effect sizes where available were calculated as Cohen’s
d (0.2–0.5 = small clinical effect, 0.5–0.8 = medium
clinical effect, [0.8 = large clinical effect).
Our search of the literature revealed 1,525 papers germane to the area, of which the majority were omitted (not
related to anxiety, used only isolated constituents, review
papers), leaving clinical and preclinical studies for 53
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plants to review. Of these, 21 had clinical evidence and are
covered in this paper (see Table 1). The remaining 32
plants with solely preclinical evidence are discussed in part
one of the article. For a full discussion of commonly used
animal models of anxiety, which are mentioned in this
section, readers are referred to part one. The following
section is divided into two parts as follows: [1] anxiolytics
with clinical evidence (presented in alphabetical order) and
[2] psychotropic plant-based medicines with potential
anxiolytic application. Psychotropic anxiolytics were
included in a separate section due to the specific methodological challenges inherent to research involving these
substances. It was deemed that their potential anxiolytic
application was deserving of extended discussion.
Support for anxiolytic activity for the following multiplant formulations was also found: Suanzaorentang (which
contains Zizyphus jujuba) [10], Saiboku-to [11], Sho-ju-sen
[12], Kami-shoyo-san [13], Hange-koboku-to [13], Tingchih-wan [14], Saikokaryukotsuboreito [15], Yokukansan
[16], Xiao-yao-san [17] and Xiao-tan-jie-yu-fang [18].
However, further discussion of these formulas is outside
the scope of this review, which focuses on individual botanicals (with the exception of ayuhuasca, which has two
major plant components).

2 Plant-Based Medicines with Clinical Evidence
of Anxiolytic Effects
2.1 Ashwagandha (Withania somnifera)
The roots of ashwagandha have been classified in Ayurvedic medicine as a ‘rasayana’, a medicine used to enhance
physical and mental performance [19]. A preclinical study
observed adaptogenic effects of ashwagandha given to rats
over 21 days (25 or 50 mg/kg, orally (p.o.)) in a stressinducing procedure, via the attenuation of stress-related
parameters (cortisol levels, mental depression, sexual
dysfunction) [19]. A methanolic extract of ashwagandha
root was found to inhibit the specific binding of GABA
ligands and enhanced the binding of flunitrazepam to their
receptor sites, displaying a GABA-mimetic activity [20]. In
an in vivo study, glycowithanolides (the purported active
constituents) were administered at doses of 20 and 50 mg/kg
p.o. once daily for 5 days in rats. These constituents were
discovered to induce an anxiolytic effect comparable to that
produced by lorazepam, as measured by relevant models
(elevated plus-maze (EPM), social interaction and feeding
latency in an unfamiliar environment tests) [21].
A 6-week, double-blind, randomized controlled trial
(RCT) was conducted to evaluate the efficacy of an
undefined ethanolic extract of ashwagandha (500 mg twice
daily) in 39 patients with a range of International

Social phobia
General anxiety, GAD

Cannabidiol

Asiaticoside, flavonoids

Cannabis sativa/indica
(marijuana)
Centella asiatica (gotu
kola)

General anxiety and
sleep disorder
GAD; pre-surgery
anxiety

Pyrrolizidine alkaloids

Nor-seco-triterpene (galphimine B)

Ginkgolides

Hyperforin, hypericin,
pseudohypericin

Flavonoids (apigenin)

Flavonoids, volatile oils, triterpenes

Amino acids, chrysin, b-carboline
alkaloids, flavonoids

Kavalactones (mainly kavain and
dihydrokavain)

Echium amoenum
(Iranian borage)

Galphimia glauca
(Galphimia)

Ginkgo biloba (EGb
761)

Hypericum perforatum
(St. John’s wort)

Matricaria recutita
(Chamomile)

Melissa officinalis
(lemon balm)

Passiflora incarnata
(passionflower)

Piper methysticum
(kava)

GAD (many studies
involve multiple
anxiety disorders)

GAD

OCD, Social phobia

GAD

GAD

OCD

General anxiety

Alkylamides

Echinacea spp. (purple
cone flower)

General anxiety

Volatile oils, flavonoids

Citrus aurantium (bitter
orange)

General anxiety

Bacoside A

Bacopa monnieri
(brahmi)

Conditions indicated

Active constituentsa

Botanical name

Table 1 Anxiolytic plant medicines: clinical studies

GABA, DA, NA,
MAO

GABA

GABA

GABA

5-HT, NA, DA,
MAO

DA, NA

5-HT

Unknown

Cannabinoid

GABA

HPA axis, 5-HT,
DA, NA

Cannabinoid

ACh, DA, NA,
5-HT

Neurotransmitter
systemsb

[139–141]

YBOCS ;
YBOCS;ns
LSAS ns

OCD: 12-week OLT 2.7 mg hypericin/day
(n = 12, CP)
12-week DB RCT 600–1800 mg/day
(n = 60, CP)
SP: 12-week DB RCT 600–1800 mg/day
(n = 40, CP)

[107, 117,
118]

STAI-S ;*
Anx NRS ;*
HAMA ;=

Acute DB RCT 700 mg/5 ml (n = 60, HV)
Acute DB RCT 500 mg (n = 60, HV);
4-week DB RCT 45 drops vs. oxazepam
(n = 36, CP)
Meta-analysis (7 chronic RCTs, n = 345, CP)
60–240 mg kavalactones, 6–8 weeks duration

[8, 78–80]

[84, 85]

FRSA ;
15-day OLT 600 mg/day (n = 20, HV)

HAMA ;*

[48–50]

8-week DB RCT 220–1100 mg/day
(n = 57, CP)

HAMA ;*

4-week DB RCT 240, 480 mg/day (n = 107,
CP)

[57–60]

HAMA ;*

15-week DB RCT 0.75–1.5 g/day vs. bzd
1–2 mg (n = 191, CP)

HAMA ;*

HAMA ;=

[47–51]

[45, 46]

YBOCS ;ns
HAMA ;*

[40–43]

STAI ;

4-week DB RCT 620 mg/day vs bzd
2 mg/day (n = 153, CP)

6-week DB RCT 500 mg/day (n = 44, CP)

1-week OLT 20, 40 mg/day (n = 31, HV)

Acute DB RCT 1 ml/kg (n = 60, CP)

[32, 33]

Stress/
anxiety ;

8-week OLT 1 g/day (n = 33, CP)

STAI-S ;ns
APAIS ;ns

[54–56]

Startle ;*

Acute DB RCT 600 mg (n = 24, CP)
Acute DB RCT 12 g (n = 40, HV)

STAI ;*

12-week DB RCT 300 mg/day (n = 46, HV)

[176–178]

[25, 28–30]

STAI ;*

12-week DB RCT 300 mg/day (n = 54, CP)
VAS-Anx ;*
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4-Phosphoryloxydimethyltryptamine

N,N-dimethyltryptamine

Pheylpropane compounds (rosavins)
and phenylethane derivatives
(salidroside)

Terpenoids (including a-pinene,
b-pinene, 1,8-cineole, thujone,
camphor and geraniol)

Scutelaterin A, baicalin

Flavonolignans (silymarin)

Valerenic acid, valepotriates

Glycowithanolides

Psilocybe spp.
(psilocybin)

Psychotria viridis/
Banisteriopsis caapi
(ayahuasca, hoasca)

Rhodiola rosea
(roseroot)

Salvia spp. (sage)

Scutellaria lateriflora
(skullcap)

Silybum marianum (milk
thistle)

Valeriana spp. (valerian)

Withania somnifera
(ashwagandha)

General anxiety

General anxiety

OCD

General anxiety

General anxiety

GAD, comorbid
depression

Impulse control; panic

Anxiety in terminally
ill; OCD

Conditions indicated

GABA

Adenosine,
GABA

5-HT, MAO

GABA, 5-HT

ACh (cognitiveenhancing
effects)

Monoamines.
HPA axis,
MAO

5-HT

5-HT

Neurotransmitter
systemsb

PRS ;*

6-week DB RCT 1–2.5 g/day (n = 39, CP)

8-week OLT 1,000 mg/day (n = 33, HV)

4-week DB RCT 81.3 mg/day valepotriates
vs. diazepam 6.5 mg/day (mean dose); or
placebo (n = 36, CP);

8-week DB RCT 600 mg/day vs. fluoxetine
(n = 35, CP)

Acute DB crossover RCT 100/200/350 mg/
day (n = 19, HV)

Acute DB RCT 300, 600 mg (n = 30, HV)

10-week OLT 340 mg/day (n = 10, CP)

[92, 93, 95]

Y-BOCS ;=

HAMA ns

BPRS ;

STAI-T ns

[22]

[147, 149–
151, 154]

[99, 131–134,
136, 137]

APASRS ;D

HAMA ns

[44, 123–129]

STAI-S ;*

4DADS ;

HAMA ;

STAI ;ns

YBOCS ;

[120–122]

[169–173]

ImpCon :D

Long-term user cohort study (n = 30, HV);
Acute DB RCT 50 ml ayahuasca (n = 9, HV)

OCD: Acute OLT 25–300 lg/kg (n = 9, CP)

[155, 157–
159, 161,
163, 165–
167]

POMS ;ns

Terminal illness: acute DB RCT 200 lg/kg
(n = 12, CP); chronic OLT 6-month followup.
STAI-T ;
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Mechanism/s of action revealed in preclinical trials

Constituents to date found to have relevant biological activity

D

Statistical significance not reported

Significant reduction (p \ 0.05) in an OLT

= Equivalent to positive control

* Significant (p \ 0.05 Treatment 9 Time interaction)

;, Decreased; :, increased

b

a

4DADS Four Dimensional Anxiety and Depression Scale, 5-HT 5-hydroxytryptamine; serotonin, ACh acetyl cholinesterase, Anx NRS Anxiety Numeric Rating Scale, APAIS Amsterdam
Preoperative Anxiety and Information Scale, APASRS Acute Psycho-Activity Self-Rating Scale, BDNF brain-derived neurotropic factor, BPRS Brief Psychiatric Rating Scale, bzd benzodiazepine, CP clinical population, DA dopamine, DB double-blind, FRSA Free Rating Scale for Anxiety, GABA c-aminobutyric acid, GABA-T c-aminobutyric acid-transaminase, GAD
generalized anxiety disorder, Glu glutamate, HAMA Hamilton Anxiety Rating Scale, HPA axis hypothalmic pituitary adrenal axis, HV healthy volunteers, ImpCon impulse control, LSAS
Liebowitz Social Anxiety Scale, POMS Profile of Mood States, MAO monoamine oxidase, NA noradrenaline (norepinephrine), ns not significant, OCD obsessive-compulsive disorder, OLT
open-label trial, PRS panic-related signs, RCT randomized controlled trial, STAI State-Trait Anxiety Inventory, STAI-T State-Trait Anxiety Inventory-Trait, STAI-S State-Trait Anxiety
Inventory-State, VAS-Anx Visual-Analogue Scale Anxiety, Y-BOCS Yale-Brown Obsessive Compulsive Scale

Active constituentsa

Botanical name

Table 1 continued
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Classification of Diseases, Tenth Revision (ICD-10)-diagnosed anxiety disorders [22]. Doses were titrated up to a
maximum of 2.5 g twice daily or matching placebo (ten
tablets) at the clinician’s discretion. At week 6, significantly more patients met response criteria in the ashwagandha group (88.2 %) compared with the placebo group
(50 %). However, the 2.4-point difference on the Hamilton
Anxiety Rating Scale (HAMA) in favour of ashwanganda
was not statistically significant. Furthermore, clinician and
patient ratings of improvement did not differ between
groups. The extract was well tolerated and did not cause
more adverse effects than placebo.
2.2 Brahmi (Bacopa monnieri)
Brahmi leaf has been used for over 3,000 years throughout
the Indian subcontinent as a traditional Ayurvedic treatment for a range of CNS applications, being considered as
a ‘memory tonic’ [23, 24]. Preclinical research has demonstrated various CNS actions including nootropic, antidepressant, anxiolytic and antioxidant effects. Preclinical
studies have also shown that brahmi modulates acetylcholine, dopamine, serotonin, and noradrenaline (norepinephrine) pathways [25], and increases protein kinase
activity within the hippocampus [26]. The key chemical
constituent is regarded as bacoside A. In an isolated rat
model, brahmi (80 mg/kg p.o.) affected anxiolytic behavioural activity in the light/dark test and in the EPM [27].
Brahmi was found not to cause any motor impairment. In
addition to the majority of RCTs supporting the use of
standardised extracts of brahmi as an effective memory
enhancer [28], anxiolytic activity has also been shown. A
double-blind RCT was conducted by Calabrese et al. [29],
which explored the plants anxiolytic activity in addition to
its cognitive-enhancing effects. The 12-week RCT (with an
additional 6-week placebo run-in) involved 54 participants,
aged 65 years or older with mild cognitive impairment and
found that a standardised brahmi extract (300 mg/day)
significantly reduced combined State and Trait anxiety
scores on the State-Trait Anxiety Inventory (STAI).
However, the clinical effect was very minor, and as the
researchers used a one-tailed statistical analysis, this result
would not be significant for a more appropriate two-tailed
analysis. In another study, Stough et al. [30] found a significant reduction for the STAI-State anxiety score in a
12-week double-blind RCT, while primarily examining
300 mg daily of brahmi (Keenmind) on cognitive function
in 46 healthy participants.
2.3 Bitter Orange (Citrus aurantium)
The volatile oil ‘bergamot’ from bitter orange blossom has
been used throughout Eurasia, and is popularised in the tea
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‘Earl Grey’. It is considered to exert psychological calming
and bronchospasmolytic activity [31]. Inhalation of the oil
at 1.0 and 2.5 % by weight to rats was compared with
injection of diazepam in the EPM [32]. Following bergamot oil inhalation, the percentage of time spent in the open
arms of the EPM, as well as the number of head dips in a
hole-board test, were significantly enhanced in a manner
similar to diazepam. Both 2.5 % of the essential oil and
diazepam mitigated corticosterone response to acute EPMprovoked stress. One human study using whole bitter
orange was located in our review. This acute double-blind,
placebo-controlled study assessed the anxiolytic effects of
an extract in 60 patients with preoperative anxiety (who
were undergoing a minor lower limb operation) [33]. Participants were randomized into two groups of 30, receiving
either a bitter orange blossom (petals and stamen) distillate
(1 mL/kg) standardised for linalool, total phenolic acids
and flavonoids, or a saline solution control (1 mL/kg) 2 h
before induction of general anaesthesia. Two hours postdose (just before the surgery) both the STAI-State and the
Amsterdam Preoperative Anxiety and Information Scale
scores were decreased for the bitter orange group compared
with placebo. However, it should be noted that the authors
did not display the Group 9 Time effect, thus the intervention may not have been significantly more efficacious
than placebo.
2.4 Chamomile (Matricaria recutita)
The flowering tops of chamomile are widely consumed
throughout Europe with a long history of traditional use for
the herb’s perceived calming effect, being commonly
imbibed in the form of tea [34]. The exact pharmacology
behind the anxiolytic action of chamomile remains unclear.
However, preclinical research has found a range of effects
on the GABA system [35, 36]. One of the regarded active
constituents is the flavone apigenin, which has been demonstrated to be a benzodiazepine receptor ligand with
anxiolytic activity [37, 38]. However, it is argued that the
receptor binding affinity is low [35], with one study demonstrating no interaction with the benzodiazepine receptor
[39]. Avallone and colleagues [35] found apigenin to have
a sedative, but not an anxiolytic effect, and concluded that
it is unlikely that the sedative effect is related to GABAA
receptor activation. To date, only one in vitro study has
explored the whole plant extract of chamomile [36]. This
study showed chamomile inhibited both glutamic acid
decarboxylase and GABA-transaminase. However, as the
inhibition of glutamic acid decarboxylase was greater than
that of GABA-transaminase, CNS excitation may potentially result [36]. This suggests that other mechanisms are
also involved in chamomile’s anxiolytic effects. A number
of animal behavioural studies have explored the anxiolytic
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effects of isolated constituents of chamomile [35, 37–39];
however, there has been no animal model using the whole
plant extract to date.
One 8-week double-blind RCT investigated the efficacy
of chamomile extract standardised to 1.2 % apigenin in
reducing anxiety symptoms in individuals (n = 57) diagnosed with GAD [34]. Chamomile was demonstrated to
provide a statistically significant reduction in anxiety
symptoms on the HAMA compared with placebo
(d = 0.90) [34]. This study used a dose escalation design,
with doses ranging from 220 to 1,100 mg, varying
according to response. Although this study provides evidence for efficacy of chamomile in reducing anxiety in
some individuals with GAD, the most effective dosage
remains uncertain. The authors also commented that
chamomile was very well tolerated and found no increase
in adverse events at higher doses, compared with placebo.
2.5 Echinacea/Purple Cone Flower (Echinacea spp.)
The flowers and roots of the Echinacea species have been
used in traditional medicine in North America for immune
system and inflammatory conditions, although emerging
research is also revealing anxiolytic effects. A rat study
using five types of echinacea extracts (0.05–8 mg/kg
intravenously (i.v.)) found that three out of five of these
extracts decreased anxious behaviours in the EPM, social
interaction and social avoidance tests [40]. No locomotor
suppressant effects were seen at any dose. Of interest, this
effect was seen at lower doses of 1.5 and 2 mg/kg, and was
not dose dependently related to alkylamides (although the
extracts did contain these constituents). In a human trial by
the same researchers, one or two tablets per day (20 or
40 mg of concentrated echinacea extract) was administered
in an open-label manner for 1 week (with a 3-day observation period) to a healthy sample of 31 adults with high
STAI scores [41]. The higher dose (two tablets per day)
significantly decreased STAI scores over time within
3 days, remaining stable until day 7 (endpoint), and for the
2 weeks of follow-up observation. The lower dose (one
tablet per day) was, however, not an effective anxiolytic.
The anxiolytic effect of echinacea may be due to a range of
lipophilic alkylamide constituents interacting with cannabinoid 2 receptors [42, 43]. Further work using better
methodology and larger samples are needed to endorse
echinacea’s application for anxiety.
2.6 Iranian Borage (Echium amoenum)
The flowers of Iranian borage contain a complex of constituents that includes pyrrolizidine alkaloids, and has been
used as a traditional anxiolytic and thymoleptic plant
medicine in Persia [44]. One RCT investigated the efficacy
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and safety of Iranian borage in 44 patients with diagnosed
OCD in a 6-week, double-blind RCT. Patients were
assessed at baseline and during weeks 1, 2, 4 and 6 on the
Yale-Brown Obsessive Compulsive Scale (Y-BOCS) and
HAMA [45]. Participants in both groups experienced only
a slight reduction of OCD symptoms (five to six points on
the Y-BOCS), with the Time 9 Treatment interaction
ANOVA failing to meet statistical significance (p = .068).
The main effect for Treatment was significant, although
this result is difficult to interpret considering that no
adjustments were made for baseline Y-BOCS scores.
However, independent t-tests revealed significantly lower
Y-BOCS scores for Iranian borage in comparison to placebo at weeks 4 and 6. In contrast, a significant
Time 9 Treatment interaction was observed for HAMA
anxiety, with independent t-tests also revealing significant
lower anxiety for Iranian borage in comparison to placebo
at weeks 4 and 6, and a 6.5-point difference for Iranian
borage over placebo at study endpoint. There was no significant difference between the two groups in terms of
adverse effects, except for an increase in constipation in the
placebo group (talcum powder tablets). Although no specific anti-OCD mechanism of action has been identified, a
mice model has shown that the ethanolic extract of the
flowers (50 mg/kg intraperitoneally (i.p.)) increased the
percentage of time spent and the percentage of arm entries
in the open arms of the EPM, and locomotor activity was
also slightly inhibited [46].
2.7 Galphimia (Galphimia glauca)
In traditional Mexican and Central American cultures, the
leaves and stem from the flowering bush galphimia have
been used for a range of ailments including asthma, allergies and nervous disorders. The nor-seco-triterpene ‘galphimine B’ is regarded as an active constituent, which has
been shown to interact with serotonergic transmission in
the dorsal hippocampus in rats. This occurs by increasing
the frequency of neuronal discharge in CA1 cells, and
results in activation of serotonin 5-HT1A receptors [47].
The anxiolytic effects of a range of galphimia derivatives
including galphimine B were evaluated in an EPM model.
Administration of galaphimine 15 mg/kg i.p. (1 h before
testing) caused an anxiolytic-like effect in the mice, significantly increasing the time spent in and number of
entries into the open arm in the EPM [48]. Further work by
the group using a methanolic extract (standardised for
galphimine B content, 8.3 mg/g) administered p.o., three
times (24, 18 and 1 h before the test) in different doses
(125, 250, 500, 1,000 and 2,000 mg/kg) found significant
anxiolytic effects for mice in the EPM and the light–dark
paradigm test. No effect was found, however, in the forced
swimming test [49].
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An aqueous extract of galphimia was administered to
153 patients with a DSM-IV diagnosis of GAD in a
4-week, positive-controlled, double-blind RCT [50].
Patients with a HAMA score of over 19 were included. The
positive control group received 1 mg of the benzodiazepine
lorazepam in capsule form twice daily and the galphimia
group received 310 mg of the herbal extract in capsule
form twice daily (standardised to 0.348 mg of galphimine
per dose). Treatment capsules were identical in appearance.
Results revealed a significant effect for Time in favour of
both treatments with no significant difference between
groups. Galphimia was found to reduce HAMA-rated
anxiety by 61.2 % compared with 60.29 % for lorazepam.
No significant adverse effects were noted in the galphimia
group, whereas 21.33 % of people in the lorazepam group
experienced excessive sedation. In a follow-up study by the
same group, [51] 191 patients with a DSM-IV diagnosis of
GAD and [20 on the HAMA were administered two to
four capsules (on physician discretion) containing 3.48 g of
dried galphimia per capsule (350 or 700 mg/day of galphimine b), versus 1–2 mg of lorazepam over a 15-week
period. A significantly greater reduction in HAMA score
was reported for galphimia treatment in comparison with
lorazepam over the course of the study. Tolerability analysis also demonstrated no difference between treatments.
2.8 Gotu Kola (Centella asiatica)
Gotu kola has been used in traditional Ayurvedic and
Chinese medicine for centuries to treat a range of conditions including anxiety, and to provide relaxation to assist
meditation [52, 53]. The anxiolytic action of gotu kola has
been supported in animal studies. In vitro and in vivo
research has found the triterpene asiaticoside to be the main
active constituent responsible for the anxiolytic activity
[53, 54]. Research in rats has linked triterpenes in gotu kola
to increased brain levels of serotonin, noradrenaline and
dopamine together with reduced serum corticosterone
levels [54].
One study used an animal behavioural model to investigate the anxiolytic activity of various gotu kola extracts
administered p.o. to rats [53]. They found two gotu kola
extracts (high and low asiaticoside) at an acute dose of
500 mg/kg to significantly reduce anxious behaviour
compared with placebo on a number of measures including
the EPM. In one human study, Bradwejn and colleagues
[55] conducted an acute double-bind RCT investigating
gotu kola’s anxiolytic activity in 40 healthy participants.
Two groups received either placebo or gotu kola at an acute
dose of 12 g. Gotu kola was found to significantly reduce
the amplitude of the startle response both 30 and 60 min
following treatment compared with placebo. A recent
8-week open-label study used gotu kola hydro-ethanolic
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extract of the leaves (500 mg twice daily) in 33 adults with
GAD [56]. Results revealed that gotu kola significantly
reduced anxiety by 26 % at study endpoint in addition to a
reduction in stress and depression ratings. Although the
results are encouraging, the use of an unvalidated assessment scale, and inadequate reporting restrict confidence in
the results.
2.9 Ginkgo (Ginkgo biloba)
The ginkgo tree is native to Asia, and the standardised
extract of ginkgo leaf has been extensively studied in
Europe for use in cognition and dementia, with terpenes
and flavonoids being considered the active constituents.
Chronic oral treatment of rats with Ginkgo biloba EGb 761
(100 mg/kg per day) has shown dose-dependent increases
in frontocortical dopamine levels after 14 days [57], while
other in vivo research has revealed chronic (14-day)
administration to inhibit the reuptake of noradrenaline [58].
The anxiolytic effects of ginkgo extract and its four terpenoid components (ginkgolide-A, ginkgolide-B, ginkgolide-C and bilobalide) were assessed in a study using the
EPM in mice [59]. When the whole extract (0.063–1 g/kg,
p.o.) was administered daily for 7 days, the time spent in
the open arms of the EPM was prolonged (0.125 g/kg peak
effect). Flumazenil administered prior blocked the effect of
diazepam, but not ginkgo, indicating an effect not modulated by GABA. Daily administration of ginkgolide-A (1 or
2 mg/kg) resulted in an anxiolysis, while no effect occurred
for isolated ginkgolide-B, ginkgolide-C or bilobalide.
The only human study located was a 4-week RCT using
Ginkgo biloba EGb 761 extract (480 or 240 mg daily)
versus matching placebo in 107 adults with diagnosed
GAD, or adjustment disorder with anxious mood. A significant dose-dependent reduction on the HAMA was
found for both active treatment groups in comparison with
placebo [60]. The HAMA total scores decreased significantly in both the high-dose (480 mg/day), and the lowdose (240 mg/day; though less so) groups in comparison
with the placebo group. Effects sizes for GAD were large
in both the 480 mg/day group (d = 1.14), and the 240 mg/
day group (d = 0.76). Although increased idiosyncratic
bleeding time has been documented in rare case studies,
ginkgo has an acceptable safety profile [61].
2.10 Kava (Piper methysticum)
The South Pacific plant kava has traditional use for cultural, social and religious occasions. It has also been
employed as a medicine, and has been used in Western
society for its beneficial effects on reducing anxiety [62].
Kava use in Western countries has been popularised since
the 1990s, with dozens of kava products (of varying
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quality) being sold for anxiety and sleep disorders. The
pharmacodynamic mechanism for kava’s anxiolytic action
is thought to be due to the lipophilic resinous constituents
known as kavalactones [62]. Collectively, kavalactones are
concentrated mainly within the rhizomes, roots and root
stems of the plant [63, 64]. The aerial parts of the plant
may contain toxic alkaloids such as pipermethystine, and
are not used in traditional consumption [65]. There have
been 18 different kavalactones identified to date, with
approximately 96 % of the total pharmacological activity
being attributed to the presence of six kavalactones:
kavain, dihydrokavain, methysticin, dihydromethysticin,
demethoxyyangonin and yangonin [64, 66].
Numerous preclinical studies suggest possible mechanisms that may mediate the actions of kava extract and
specific kavalactones [67] including the following: blockade of voltage-gated sodium ion channels [68, 69], reduced
excitatory neurotransmitter release due to blockade of
calcium ion channels [70, 71], enhanced ligand binding to
GABAA receptors [72], reversible inhibition of monoamine
oxidase (MAO) B [73], inhibition of cyclooxygenase [74],
and reduced neuronal reuptake of dopamine [75] and noradrenaline [76]. An animal study found that kava extract LI
150 (120 or 240 mg/kg, p.o.) induced an anxiolytic-like
behaviour similar to diazepam in rats exposed to the EPM,
with both interventions significantly increasing entry into
the open arms of the maze [77].
A Cochrane meta-analysis of seven RCTs using kava in
anxiety [78] revealed a statistically significant mean
reduction of 3.85 points on the HAMA over placebo. A
recent pooled analysis of kava studies in English [79],
including a newly published positive study (Kava Anxiety
Depression Spectrum Study; KADSS) [80], revealed a
similar conclusion, with a positive result occurring in four
out of six studies reviewed (mean pooled Cohen’s
d = 1.10). KADSS was a 3-week double-blind, crossover
RCT involving 60 adult participants with 1 month or more
of elevated generalized anxiety [80]. The results revealed
that the aqueous extract of kava (Mediherb extract standardised to 250 mg of kavalactones daily) significantly
reduced participants’ anxiety on the HAMA with a very
large clinical effect. The extract was found to be safe and
well tolerated, with no serious adverse effects, and no
clinical liver toxicity. One study examining the acute use of
kava extract (180 mg of kavalactones) in 22 kava-naive
adults with mild to moderate anxiety found no significant
anxiolytic effect for kava compared with placebo. In contrast, the positive comparator oxazepam did provide a
significant reduction of the STAI-State anxiety score [81].
This suggests that an acute medicinal dose of kava in firsttime users is not effective.
Kava was withdrawn from European and UK markets in
2002 due to concerns over reported hepatotoxicity [82].

J. Sarris et al.

Research has been conducted over recent years to determine the pathogenesis, and the present understanding of
factors potentially responsible for hepatotoxicity include
incorrect cultivar (tudie or wichmanni varieties) being
used, an individual’s hepatic insufficiency to metabolise
kavalactones (cytochrome P450 (CYP) 3A4, 2D6), preparations using acetonic or ethanolic media low in glutathione, potentially contaminated or poorly stored material,
and use of aerial parts or root peelings that are higher in
alkaloids [83]. Therefore, use of only the peeled roots from
noble cultivars (traditionally safe and therapeutic cultivated
species) using a water solute extraction method is advised
[82].
2.11 Lemon Balm (Melissa officinalis)
Lemon balm is indigenous to southern Europe, with the
leaves being used to improve cognition and mood, and
reduce anxiety and stress. Active constituents identified in
lemon balm include polyphenolics, flavonoids and triterpenes [84]. In vitro and in vivo research has demonstrated
various lemon balm extracts to inhibit GABA-transaminase
activity, with a methanol extract demonstrating the largest
amount of dose-dependent inhibition [85]. Of the known
active constituents rosmarinic acid, ursolic acid and oleanolic acid have been shown to inhibit GABA-transaminase activity [86]. Although rosmarinic acid demonstrates
anxiolytic effects at a low dose, high doses have had
neurotoxic effects in mice [86]. Moreover, ursolic acid was
shown to have a moderate affinity for the GABAA benzodiazepine receptor site [86]. In mice, lemon balm extract
has been demonstrated to reduce corticosterone levels in
serum [87] as well as the brain [88]. Lemon balm has also
been shown to increase GABA levels [87] and inhibit
MAO in mice [89].
One animal behavioural model investigated the effects
of 15 consecutive days of treatment of lemon balm extract
(120, 240, and 360 mg/kg, p.o.) standardised for rosmarinic acid, ursolic acid and oleanolic acid on anxiety
behaviours in mice [88]. The two higher extract doses (but
not the 120 mg/kg) were found to significantly increase the
time spent in the open arms of the EPM, with an effect
comparable to benzodiazepines. However, the same extract
did not demonstrate a reduction in anxiety in the open field
test, which involves more stress than the EPM [88]. The
authors suggest lemon balm may not be as effective in
reducing anxiety if there are high plasma and brain levels
of corticosterone.
One prospective open-label pilot study explored the
anxiolytic effects of a commercially available preparation
of lemon balm in adult outpatients (n = 20) with a DSM
diagnosis of an anxiety disorder and sleep disturbance [84].
All participants received lemon balm leaf extract
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standardised to at least 7 % rosmarinic acid and 15 %
hydroxycinnamic acid at a dose of 300 mg twice daily for
15 days. A significant reduction in anxiety manifestations
(18 % decline) and associated symptoms (15 % decline)
from baseline was demonstrated as measured by the Free
Rating Scale for Anxiety. Insomnia was also reduced significantly by 42 %. Although this study cannot establish
efficacy greater than a placebo response, there was a
clinically meaningful reduction in anxiety that warrants
further investigation. Another two studies showed acute
doses of lemon balm to significantly increase self-rated
calmness (a secondary measure) compared with placebo
following a cognitive battery [90], and a series of stress
tests [91].
2.12 Milk Thistle (Silybum marianum)
Milk thistle is a traditional Mediterranean and Persian plant
used for a range of psychiatric disorders. A recent RCT
using silymarin-rich milk thistle was conducted in Iran
[92]. Thirty-five participants with a DSM-IV-TR diagnosis
of OCD and a score of[21 on the Y-BOCS were randomly
assigned 200 mg of milk thistle leaf extract (standardisation and chemical profile not disclosed) or a low 10 mg
dose of fluoxetine three times daily for 8 weeks. Results
revealed no significant effect between treatments from
baseline to endpoint. It should be noted that the baseline
Y-BOCS score was very high (41 points), thus in this noncontrolled study some statistically significant reduction
was probable. Both groups still had a Y-BOCS score of 17
at completion for fluoxetine and 20 for milk thistle (specific
data not detailed). The putative anti-OCD effects of milk
thistle may be attributable to the flavanoid complex
silymarin (containing silibinin, a key constituent), which in
preclinical studies has been found to increase serotonin
levels in the cortex [93], and ameliorate decreases in
dopamine and serotonin in the prefrontal cortex and hippocampus associated with methamphetamine abuse [94].
The increase in cortical serotonin levels, and resultant antiobsessional effects, may be attributable to silibinin’s inhibition of MAO activity as revealed by in vitro research
[95].
2.13 Passionflower (Passiflora incarnata)
The aerial parts of passionflower have a long history of
traditional use in the Americas for sleep and anxiety disorders [96, 97]. There are a number of Passiflora species
used traditionally; however, the majority of research has
focused on Passiflora incarnata as it has a thorough history
of traditional use, and has demonstrated the strongest
anxiolytic effect compared with other species [98]. The
leaves have been identified as the plant part with the
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greatest anxiolytic action [97]. A number of bioactive
constituents have been identified, which include amino
acids [99], various b-carboline alkaloids and flavonoids
such as chrysin [36, 39, 100, 101]. Chrysin has been
identified as a benzodiazepine receptor ligand [38, 102,
103]; however, it appears to have a low receptor binding
affinity, and it is suggested that mechanisms other than
effects at the GABAA receptor may explain the anxiolytic
activity [39, 101]. A benzoflavone compound (BZF) is
considered one of the main active constituents responsible
for the anxiolytic effect of passionflower [100], although
this has been contested [104]. Since discovering BZF,
studies have standardised passionflower extract for this
compound, although the amount standardised for is
inconsistent [105–107]. One in vitro study has shown
passionflower whole leaf extract to preferentially inhibit
GABA-transaminase [36]. Although in contrast, another
study demonstrated the whole plant extract of passionflower to inhibit the uptake of [3-H]-GABA into rat cortical
synaptosomes, with no effect on GABA-transaminase,
GABA release or the benzodiazepine receptor [108].
To date there are 14 studies using standard animal
behavioural models to measure the anxiolytic effect of whole
plant extracts passionflower [97, 98, 100, 102, 104, 105, 109–
116]. All of these studies demonstrated anxiolytic effects
(usually between 50 and 400 mg/kg), although various
preparations were used and activity seen a different doses,
with sedative effects reported at higher doses [114, 116].
Three clinical trials have specifically explored the anxiolytic effects of passionflower, all of which demonstrated
significant reductions in anxiety symptoms [107, 117, 118].
One of these studies was a double-bind RCT, investigating
outpatients with a DSM diagnosis of GAD (n = 36) [96].
There were two comparison groups: passionflower extract at
45 drops daily plus placebo tablet, and placebo drops plus
oxazepam at 30 mg per day. Both groups experienced a statistically significant reduction in total mean HAMA scores at
the end of 4 weeks of treatment, with no significant difference
between groups. There was a difference in treatment response
time between the groups of 3 days, with the passionflower
group taking longer (7 days) to demonstrate a significant
reduction in HAMA scores from baseline compared with the
oxazepam group (4 days). While there was no significant
difference in frequency of adverse effects, there was an
increase in impairment of job performance in the oxazepam
group. Two RCTs demonstrated two different preparations of
passionflower to significantly reduce acute anxiety compared
with placebo in preoperative patients [107, 118].
2.14 Roseroot (Rhodiola rosea)
Rhodiola rosea has been used therapeutically in parts of the
Arctic region and Asia for centuries. Traditionally, it has
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been ingested as an infusion, with the root being used for
its therapeutic effects. Roseroot is classed as an adaptogen
(a substance that increases the ability of an organism to
adapt to environmental demands) [119], and has traditionally been used to reduce stress-related symptoms
including irritability, cognitive dysfunction and fatigue
[120]. It is also widely used in Russia for the treatment of
various mental health conditions. The mechanism of action
for the anxiolytic effects appears to occur via regulation of
the hypothalamic–pituitary–adrenal axis by modifying the
stress response through inhibition of cortisol secretion,
mediation of kinase enzymes and modulation of monoamines [120].
A number of bioactive compounds have been identified
in roseroot including phenolics, organic acids, flavonoids
and tannins. The main active constituents are regarded as
the pheylpropane compounds collectively known as rosavins, and phenylethane derivatives such as salidroside
[120]. Preparations are usually standardised for salidrosides and rosavins. Salidroside, rosavin and phenolics are
thought to be responsible for the CNS effects and adaptogenic action.
One study to date has explored the effect of an acute oral
dose of roseroot hydroalcohol extract (10, 15 and 20 mg/kg)
standardised to 3 % rosavins and 1 % salidroside on anxietyrelated behaviour in mice [121]. Roseroot significantly
reduced anxiety-related behaviour in mice compared with
placebo on both the light/dark exploration test, and the openfield test, at doses of 10 and 15 mg/kg, respectively.
Although there have been numerous clinical trials
demonstrating the efficacy of roseroot as an adaptogen,
there has only been one clinical trial specifically investigating the anxiolytic effect of standardised SHR-5 roseroot
tablets [122]. This was a pilot 10-week, open-label design
involving ten participants with a GAD diagnosis and a
HAMA score [17. Results showed that mean HAMA
scores were significantly different at end of treatment
compared with baseline. There was also a significant
reduction in mean anxiety subscale scores of the Four
Dimensional Anxiety and Depression Scale compared with
baseline, and five out of ten participants were regarded as
responders. As this study was uncontrolled, conclusions as
to the compound’s efficacy need to be tempered.
2.15 Sage (Salvia spp.)
The Salvia genus includes over 900 plants from several
regions of the world, and has a long history of use in
various systems of traditional medicine due to wide-ranging pharmacological properties including antioxidant,
antibacterial and anti-inflammatory effects. Amongst the
many constituents of the Salvia genus, the terpenoids
(including a-pinene, b-pinene, 1,8-cineole, thujone,
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camphor and geraniol) are regarded as the main active
constituents affecting the CNS, acting as potent acetylcholinesterase and butrylcholinesterase inhibitors [123,
124].
Although there are a large number of plants within the
Salvia species, only a relatively small number of specific
plants have been evaluated for anxiolytic effects using
modern scientific methods. Salvia elegans, a herb traditionally used in Mexican medicine, was investigated by
Herrera-Ruiz et al. [125]. An orally administered hydroalcoholic extract of the leaves and flowers of Salvia elegans were found to exhibit anxiolytic effects at doses of
125, 250 and 2,000 mg/kg in the EPM and light-dark
animal mice models. Similarly, two types of sage that are
native to Iran, Salvia leriifolia and Salvia reuterana, have
been found to display anxiolytic properties in preclinical
research, using the EPM [44, 126, 127].
In relation to clinical studies in humans, there has not
been research to date that has examined the effects of sage
in a clinical population. However, a study by Kennedy
et al. [128] provided initial evidence of acute anxiolytic
properties associated with Salvia officinialis in a healthy
population. In an acute, double-blind, crossover RCT, 300
versus 600 mg of dried Salvia officinalis leaf was administered to 30 healthy volunteers. The 300 mg dose of sage
was found to significantly reduce anxiety, as measured by
the STAI-State. However, after 20 min using a multitasking battery (designed to elicit stress-related physiological responses) the reduced anxiety effect was abolished
[128]. It is also noteworthy, that in other studies involving
healthy volunteers conducted by this group, both Salvia
officinalis as well as Salvia lavandulaefolia (Spanish sage)
have been found to reliably induce acute positive mood
effects, for example self-rated ‘calmness’ [124, 129].
Additional research using clinical samples is warranted in
order to further investigate the therapeutic potential of the
Salvia genus.
2.16 Skullcap (Scutellaria lateriflora)
The aerial parts of skullcap have been used in European
and North American traditional medicine [130, 131] for
anticonvulsant, relaxant and nervous system tonic effects
[132]. Research has identified diterpenoids, amino acids
(GABA and glutamine), essential oil and phenolic compounds in skullcap [132, 133]. A total of 73 bioactive
constituents have been identified in the volatile oil, which
include mainly sesquiterpenes [134]. Flavones appear to be
the main constituents with anxiolytic actions, which
include baicalein, baicalin, chrysin and wogonin [131,
133]. In vitro research has identified baicalein as a weak
benzodiazepine receptor ligand, that has demonstrated
anxiolytic and sedative effects that appear to be mediated
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by interaction at GABAA non-benzodiazepine sites [135].
In addition, baicalin has demonstrated selective partial
GABAA receptor antagonism [135], and wogonin has
shown anxiolytic effects via interaction with benzodiazapine receptors in the GABA system [136]. Other flavone
glycosides have exhibited binding to a 5-HT7 receptor
[132].
One in vitro study used a whole plant ethanol extract of
skullcap, and found the extract inhibited both glutamic acid
decarboxylase and GABA-transaminase, with preferential
inhibition of GABA-transaminase that appears to contribute to the anxiolytic activity [36]. Awad et al. [99] studied
an acute oral dose of 100 mg of skullcap aqueous extract to
rats in the EPM. Results revealed that treated rats spent
significantly more time in the open arms compared with
placebo, and displayed significantly less risk assessment
behaviour in the open field test.
One double-bind crossover RCT that investigated the
acute anxiolytic effects of skullcap in 19 healthy adults was
found [137]. Three different extracts of skullcap (100, 200
and 350 mg) were compared with placebo with a minimum
of 2 days separating treatments. Self-assessments of anxiety levels were provided at baseline, 30-, 60-, 90- and
120-min post-dose using an 11-point Likert scale. All three
skullcap preparations demonstrated anxiolytic effects on
the Acute Psycho-Activity Self-Rating Scale. Although a
clinical effect was seen, no statistical data were reported
and there were numerous methodological flaws making it
impossible to draw conclusions on the anxiolytic effects of
skullcap based on this study.
2.17 St John’s Wort (Hypericum perforatum)
St John’s wort (SJW) has been therapeutically used
throughout Europe and studied extensively in depression
[4, 138]. SJW has revealed equivalent efficacy to conventional antidepressants due to a range of neurobiological
effects in both animal and in vitro models, including
reuptake inhibition of monoamines, increased sensitisation
and binding to receptors (e.g. serotonin), and neuroendocrine modulation. These effects were attributed to a number of bioactive constituents including hyperforin,
hypericin and pseduohypericin [139, 140].
No study has been conducted on the efficacy of SJW in
‘generalized anxiety’ or GAD to date. However, SJW has
been assessed in OCD and SP. A standardised SJW extract
was assessed in an open-label pilot trial for efficacy in
OCD [141]. Twelve participants with a chronic
([12 months) DSM-IV diagnosis of OCD were treated for
12 weeks with 450 mg of standardised SJW (0.3 %
hypericin) twice daily. A significant change on the
Y-BOCS from baseline to study endpoint was found. This
change occurred at week 1 and continued until week 12. At
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the study endpoint, five (42 %) of 12 participants were
rated as being ‘much’ or ‘very much improved’ on clinician-rated improvement; six (50 %) were ‘minimally
improved’, and one (8 %) had ‘no change’. A later RCT by
the same research group [142] using SJW (LI 160) was
performed to confirm these results. Sixty participants with
a primary diagnosis of OCD of at least 12 months duration
were randomized to either 12 weeks of SJW treatment
(flexible dosing 600–1,800 mg depending on response) or
matching placebo. Results revealed that the mean reduction
on the Y-BOCS in the SJW group did not significantly
differ from placebo. No significant differences were found
on any of the Y-BOCS subscales. A 12-week double-blind
RCT testing SJW (flexible dose of 600–1,800 mg daily) in
40 participants with SP reported no significant differential
benefit over placebo on the Liebowitz Social Anxiety Scale
[143].
2.18 Valerian (Valeriana spp.)
The Valeriana spp. comprises over 200 species worldwide,
having a long history of traditional use across Europe and
the Americas as a sedative [144]. The sesquiterpenoids
(valerenic acid) and valepotriates are the main active
constituents of valerian [145]. Valerian extract, in particular valerenic acid, has been found to activate adenosine
receptors and potentiate synaptic GABAergic transmission
via interaction with GABAA receptors [146, 147]. In vivo,
valerenic acid has demonstrated strong anxiolytic activity
in mice, using both the EPM and the light/dark choice test
at 10 and 3 mg/kg p.o [147]. There is also evidence to
suggest that valepotriates potentiate GABAergic transmission [148]. Oral valerian (12 mg/kg) has increased the time
spent by rats in the open arms of the EPM during withdrawal of diazepam (after 28 days of administration) [149].
A 2006 Cochrane review of valerian for anxiety disorders conducted by Miyasaka et al. [150] revealed only one
chronic RCT met inclusion criteria, involving 36 patients
with a DSM-III-R diagnosis of GAD. In a three-arm,
double-blind, parallel-group design, Andreatini et al. [151]
administered valepotriates at a mean daily dose of 81.3 mg
versus diazepam at a mean daily dose of 6.5 mg or placebo,
over a 4-week period. No significant differences between
valerian and placebo were found post-treatment on either
the HAMA or the STAI-Trait scores. Comparing valerian
to diazepam, no significant differences were found for the
HAMA, although the STAI-Trait score was significantly
lower in the diazepam group in comparison with valerian
post-treatment. It is important to note that the sample size
was small, and only isolated valepotriates were used in this
study. Comparisons to commercially available whole
galenic extracts are therefore difficult to make. Further, due
to safety concerns regarding the cytotoxic potential of
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valepotriates in valerian extracts [152, 153], commercially
available extracts are generally higher in valerenic acid in
comparison with valepotriates [144].
In addition to the single study identified in the Cochrane
review, an open-label study in healthy volunteers was
identified [154]. Valerian was administered to 33 subjects
at a dose of 500 mg twice daily for 60 days. Significant
reductions in anxiety as measured by the Brief Psychiatric
Rating Scale (BPRS) were reported at day 60, although
without the inclusion of a placebo group it is difficult to
draw firm conclusions as to the anxiolytic efficacy of
valerian from this small study.

3 Psychotropic Plant-Based Treatments with Potential
Use in Anxiety Disorders
3.1 Psilocybe (Psilocybe spp.)
A number of wild species of mushrooms (e.g., Psilocybe
cyanescens and Psiolocybe subaeuruginosa) have been
used globally for millennia in traditional medicine for
spiritual applications, such as in shamanic rituals. Psilocybe mushrooms contain the psychoactive compound psilocybin (4-phosphoryloxy- dimethyltryptamine (DMT)),
which is a classical hallucinogen of the indoleamine class.
When ingested p.o., psilocybin is converted into the active
compound psilocin through the action of phosphatases. A
dose-escalation study by Griffiths et al. [155] indicated that
acute perceptual and subjective effects are reliably induced
using doses of 20–30 mg/70 kg (285–428 lg/kg, p.o.). In
comparison to the well known hallucinogen lysergic acid
diethylamide (LSD), the hallucinogenic experience associated with psilocybin has been reported to be more
euphoric and less emotionally intense, as well as being
associated with less panic reactions and paranoia [156]. A
recent pooled analysis of eight clinical studies, with a total
sample size of 110 participants, reported that moderate
doses of psilocybin (\250 lg/kg) were not found to be
associated with clinically significant adverse psychological
effects. However, adverse reactions including strong dysphoria and/or anxiety/panic were reported in a small proportion of participants when administered high doses of
psilocybin; 7.3 % of participants at 315 lg/kg, and 5.7 %
of participants at 250–260 lg/kg. All acute adverse reactions were successfully managed with interpersonal support
and did not require pharmacological intervention [157].
The use of psilocybe mushrooms or the isolated psilocybin component may provide a novel intervention for
anxiety disorders. Current evidence indicates that the
psychotropic effects of psilocybin may be attributable to
agonist action at post-synaptic 5-HT2A receptors that
results in potent modulation of activity in prefrontal
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networks [158, 159]. Due to the fact that fronto-limbic
5-HT2A receptor density has been found to be elevated in
individuals with anxiety and difficulty coping with stress
[160], a possible mechanism by which psilocybin may
exert therapeutic effects is through down-regulation of
prefrontal 5-HT2A receptors [161].
Following on from early reports that psychedelics may
help to reduce anxiety and improve quality of life in the
terminally ill [162], Grob et al. [163] recently conducted an
investigation into the efficacy of psilocybin for the treatment of anxiety in advanced-stage cancer patients. In this
double-blind, placebo-controlled, crossover trial, 200 lg/kg
of psilocybin or 250 mg of niacin was administered p.o.
to 12 advanced-stage cancer patients across two experimental treatment sessions spaced several weeks apart. The
patients were monitored over a 6-h period corresponding to
the duration of the acute hallucinogenic effects, and then
monitored again 2 weeks later and at monthly follow-up
visits for up to 6 months. During the acute phase of treatment, a significant alteration of consciousness was found to
be associated with psilocybin in comparison with placebo,
as measured using the 5-Dimension Altered States of
Consciousness profile; effects included a significant elevation of positive mood. A trend towards a greater reduction in the Profile of Mood States score in the psilocybin
group in comparison with placebo was observed from
baseline to week 2. In the longer term follow-up, the STAITrait anxiety score was significantly reduced at both 1 and
3 months post-treatment, together with a significant
improvement in mood using the Beck Depression Inventory at 6 months. The treatment was well tolerated and no
significant adverse psychological effects were found to be
associated with psilocybin. However, these findings need to
be interpreted with caution in consideration of the fact that
from 1 month onwards the patients had received both
psilocybin and placebo treatments at some stage. The
authors acknowledge this limitation, but explain that the
study design employed was the only ethical course of
treatment in consideration of the grave prognosis in the
patient group [163]. Notwithstanding this caveat, this trial
provides intriguing preliminary data in support of psilocybin as an effective treatment for the amelioration of
anxiety in the critically ill.
Psilocybin has also been investigated for its efficacy in
the treatment of OCD. Early anecdotal reports suggested
that the use of hallucinogens may be associated with acute
amelioration of OCD symptoms [164]. In one such case
report, a 34-year-old man who had suffered from OCD
since adolescence reported that the repeated use of psilocybe mushrooms consistently led to freedom from obsessions and compulsions during the period of intoxication
and eventually led to a remission that lasted several months
[165]. However, it has not been until recently that a clinical
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study has been conducted in this area. Moreno et al. [166]
conducted an open-label psilocybin dose-escalation study
in nine patients with a DSM-IV diagnosis of OCD with at
least one treatment failure related to the use of selective
serotonin reuptake inhibitors (SSRIs). Patients were
required to complete a 2-week washout period for antidepressants prior to the study, and then were required to
attend four separate study visits separated by at least
1 week. At each visit they received one of four doses of
psilocybin (25, 100, 200 and 300 lg/kg) and were monitored for the next 8 h in a controlled environment before
being transferred to a psychiatric inpatient unit overnight.
All dosages of psilocybin were well tolerated, and 88.9 %
of patients maintained a C25 % decrease in the Y-BOCS
score at 24 h for at least one of the doses. In addition,
66.7 % of patients maintained a C50 % decrease in the
Y-BOCS score at 24-h post-treatment for at least one of the
doses. Although OCD measurements did not extend past
24 h, two of the patients reported that symptom relief
lasted for most of the following week after testing. Interestingly, no significant differences in symptomatology
were reported between the dosage levels. The authors
acknowledge that the lowest dose (25 lg/kg) was intended
as a placebo comparator, although the study outcomes
indicate that even at this level there was a treatment effect;
this methodological issue limits the interpretation of the
findings. However, despite the limitations this study provides important preliminary evidence as to possible acute
reduction in OCD symptoms associated with psilocybin
treatment [166]. These findings also corroborate a previous
preclinical study in mice by Matsushima et al. [167] who
reported that the administration of Psilocybe argentipes, a
variety of psychedelic mushroom containing psilocybin,
resulted in a significant reduction in marble-burying
activity, a commonly used animal model of OCD.
3.2 Ayahuasca (Psychotria viridis and Banisteriopsis
caapi)
Ayahuasca is a traditional South American beverage that is
prepared by boiling the bark and stems of the jungle vine
Banisteriopsis caapi together with the Rubiaceous genus
Psychotria. Ayahuasca has a long history of use amongst
indigenous tribes of the Amazon Basin where it has been
used both for religious ceremonies and for the diagnosis
and treatment of physiological and psychological ailments
[168]. In an unprecedented move by the Brazilian government in 1987, ayahuasca was approved for use in the
context of religious ceremonies. The active constituent of
ayahuasca is the potent indoleamine class hallucinogen N,
N-DMT. However, DMT is not orally active by itself, and
for this reason must be combined with b-carboline alkaloids found in Banisteriopsis caapi bark, which act as
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MAO-A inhibitors to prevent the oxidative deamination of
DMT [169]. The psychotropic effects of ayahuasca, together with indoleamine hallucinogens in general, are
understood to be attributable to agonist action at postsynaptic 5-HT2A receptors [158].
In an acute pharmacological study, Riba et al. [170]
administered ayahuasca standardised to 0.6 and 0.85 mg/kg
of DMT versus placebo to 18 healthy volunteers in a doubleblind design. Acute subjective effects were captured at
several post-dose time points up until 8 h using visual analogue scales (VAS), the Hallucinogen Rating scale and the
Addiction Research Center Inventory. Ayahuasca at both
doses was found to be associated with a number of significant
subjective changes including increased activation, euphoria,
well-being, perceptual modifications, and changes in thought
content and increased emotional lability. Peak subjective
effects were found to coincide with peak plasma concentrations of DMT between 1.5- and 2-h post-dose, and returned to
baseline by 6-h post-dose. A number of subjective effects
were found to be stronger following the higher dose of ayahuasca, yet interestingly the VAS scale for ‘drunken’ was
least affected by ayahuasca at both dosage levels. In consideration of the fact that the VAS drunken scale is generally
associated with sedatives and alcohol, this indicates that
ayahuasca intoxication is qualitatively different from these
substances [170].
Investigations into the therapeutic potential of ayahuasca have been gaining momentum in recent years. A
seminal study in this area, known as the Hoasca Project
was conducted by Dennis McKenna and colleagues in the
early 1990s [169, 171]. The participants involved in this
study were 15 members of the Uniao do Vegetal (UDV)
syncretic sect in Brazil who had ingested ayahuasca an
average of once every 2 weeks over a minimum period of
10 years. Using a battery of psychological assessments, the
UDV members were compared with 15 ayahuasca-naive
age-matched controls. The UDV members were found to
perform significantly better than the controls on the WHOUCLA Auditory Leaning Verbal Memory test and to be of
high functional status according to structured interviews.
Of particular interest was the finding that a number of UDV
members with previous histories of violent behaviour and
alcoholism had experienced symptomatic remission since
joining the UDV [171]. Measurement of platelet serotonin
transporter density was also found to be elevated in UDV
members in comparison with controls, a finding that the
authors suggest may be indicative of serotonin transporter
density increases in the CNS and may be a possible factor
influencing positive behavioural changes [172].
More recently, Santos et al. [173] conducted a doubleblind, placebo-controlled investigation into the acute
effects of ayahuasca on measures of anxiety, panic and
hopelessness in members of the Santo-Daime ayahuasca-

314

using religion of Brazil. Nine participants were included in
the study, all of which had used ayahuasca for at least 10
consecutive years. Measures of state/trait anxiety, panic
and hopelessness were assessed 1 h after ingestion of
ayahuasca. Significant differences between placebo and
ayahuasca were found on Panic-related signs as well as on
the Beck Hopelessness Scale, while differences on STAITrait and State anxiety scores did not reach significance.
Although studies of both the chronic and acute therapeutic
efficacy of ayahuasca are still in their infancy, the long
history of traditional therapeutic use coupled with
encouraging initial data suggests that further investigations
in the application for anxiety disorders are warranted.
3.3 Marijuana (Cannabis sativa/indica)
Marijuana has been propagated and traded across the globe
for centuries. Although it has potential medicinal uses, there
is now strong evidence to suggest that the recreational use
of marijuana is associated with an increased incidence of
mental health problems across a range of disorders including depression, anxiety and psychosis [174, 175]. However,
it is important to differentiate the adverse psychological
effects of tetrahydrocannabinol (D9-THC) with those of the
lesser-known constituent cannabidiol (CBD). In contrast to
D9-THC, CBD has low affinity for endogenous cannabinoid
receptors (CB1 and CB2) as well as antagonistic actions at
these receptors. In addition, there is evidence to suggest that
CBD may act as an agonist at 5-HT1A receptors [176]. A
number of animal as well as human studies have now provided evidence to suggest that CBD may ameliorate both
anxiety and panic responses. Resstel et al. [177] investigated the effect of CBD on restraint stress in male rats and
found that the anxiogenic response in the EPM was attenuated following an intraperitoneal injection of CBD.
Interestingly, in a follow-up experiment, Resstel et al. [177]
reported that the anxiolytic effects of CBD were blocked
using the 5-HT1A antagonist WAY-100635. This indicates
an effect meditated in part by the serotonergic pathway. In
relation to human trials, CBD has been investigated as a
treatment for generalized SP in a double-blind RCT of 24
patients. Through the use of a simulated public speaking
test, SP patients who were pretreated with 600 mg of CBD
1 h before testing were found to display significantly
reduced anxiety, cognitive impairment and discomfort in
their speech performance in comparison to controls [178].
Similar anxiolytic effects of CBD have also been reported
when healthy participants were subjected to a simulated
public speaking test [179]. The research into the CBD
component of marijuana is encouraging, raising the possibility that new strains of marijuana may be cultivated with
high CBD and low D9-THC levels, which may be safer and
of greater therapeutic potential.
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4 Conclusions
In summary, our review of chronic and acute human
studies revealed evidence for anxiolytic effects for 21
plants, with evidentiary support from multiple trials for
kava and galphimia in reducing generalized anxiety. Isolated positive studies exist for the chronic use (1–8 weeks)
of passionflower, gotu kola, chamomile, skullcap, roseroot,
ginkgo, ashwagandha, echinacea, Iranian borage, lemon
balm and milk thistle. Studies using acute application of
plants, revealed isolated positive studies for passionflower,
lemon balm, bitter orange, gotu kola and sage. Brahmi has
been shown to have anxiolytic effects on secondary outcomes for people with cognitive decline.
For specific clinical anxiety disorders, there is currently
only tentative evidence for milk thistle, Iranian borage and
psilocybin in OCD; and ginkgo, chamomile, roseroot,
galphimia, gotu kola and ashwagandha for GAD; while
SJW appears to not be effective for OCD or SP. An
interesting potential application that was uncovered was
the use of traditional psychotropic plant-based medicines
for treatment of anxiety. Although safety issues need to be
observed if researching or consuming these plant medicines, it is an area of novel application that may hold
benefit. While clinical research into the therapeutic
potential of psilocybin and other hallucinogens flourished
during the 1950s and 1960s, a subsequent hiatus on
research programmes in this area was imposed due to the
political backlash following their recreational use and the
subsequent scheduling of these substances [180]. Regardless, in recent years there has been a renaissance in
research regarding their therapeutic effects.
While global research in the area is encouraged, there is
currently a challenge in properly establishing the anxiolytic
properties of plants in cases where the only data available
have been obtained from under-powered and poorly controlled studies. As detailed in this review, many studies are
short term (1–4 weeks), some studies are open-label, and in
several cases the data were poorly reported. To date only
kava has been sufficiently studied for anxiety. All of the
other plant medicines need to have replicated studies, or in
cases of poor methodology (i.e., skullcap, echinacea,
roseroot) future studies need to use a more rigorous trial
design and larger samples.
Furthermore, studies on plant medicines sometimes do
not use clearly established standardised, chemically defined
extracts (e.g., Iranian borage, milk thistle). This deficit of
‘bioequivalence’ between extracts hampers the advancement of knowledge regarding the anxiolytic properties of
botanicals as viable alternatives to pharmaceuticals. This
problem could be resolved if appropriate information
regarding the exact quantities of active constituents was
provided in future clinical study papers. One further
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challenge is that chemical composition of herbal preparation
depends on many factors, such as genetic and environmental
differences, exposure to airborne vectors, differences in
plant parts used, harvest time and preparation methods. The
application of analytic and ‘omic’ technology would greatly
assist in providing assurance of bioequivalence [181, 182].
Although anxiolytic plant medicines can be considered
to have a favourable adverse effect profile compared with
conventional medication for anxiety (e.g. benzodiazepines,
antidepressants), safety issues still need to be considered.
Mild adverse effects that may infrequently occur from
plant medicines include digestive disturbance, headaches
and skin reactions. In regard to kava, due to previous cases
of liver toxicity, only reputable kava raw material and
products should be used, in addition to occasional liver
function tests by regular consumers. Interactions with
concomitant use of medications may occur if the plant
medicine modulates the CYP system or the p-glycoprotein
drug pump (such as in the case of hyperforin-rich SJW
products). In addition, some products from unscrupulous
sources have previously been tainted with prescription
drugs, and in some cases the reputed plant has been
substituted with toxic plants such as germander. To combat
this, judicious use of regulation and pharmacovigilance is
required. Another safety issue involves the inappropriate
use of plant medicines lacking evidence as first-line interventions for severe mental illness.
In conclusion, while some evidence in this area is
encouraging, future research in several cases needs to
replicate the positive isolated studies to confidently confirm
efficacy.
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