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Background: Gastrodia elata Blume (G. elata) is a traditional Chinese herb used for centuries in folk
medicine. Due to the claimed anticonvulsant properties of G. elata, it is expected that this herb continues
to be a target of research, aiming to deepen the available knowledge on its biological activity and safety.
Purpose: The current review aims to discuss the most recent advances on the elucidation of the phyto-
chemical composition and anticonvulsant potential of G. elata.

Keywords: Methods: Available literature was reviewed from PubMed, ISI Web of Knowledge and Science Direct, using
Epilepsy combinations of the following keywords: Gastrodia elata, tianma, epilepsy, anticonvulsant and pharma-
gas"o‘gﬂ elata cokinetics. Abstracts and full texts were evaluated for their clarity and scientific merit.
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Results: G. elata rhizome, as well as specific phenolic compounds isolated from this herb, have demon-
strated anticonvulsant potential in a variety of in vitro and in vivo models. The pharmacological mecha-
nisms potentially involved in the anticonvulsant activity have been extensively studied, being similar to
the known mechanisms claimed for the available antiepileptic drugs. In addition, the pharmacokinetics
of the main bioactive component of G. elata (gastrodin) has also been studied.

Conclusion: Due to its recognised therapeutic properties, G. elata has gained an increasing interest within
the scientific community and, therefore, new medicinal preparations containing G. elata rhizome itself or
its bioactive components are expected to be developed in the coming years. Moreover, specific phyto-
chemical constituents isolated from G. elata may also be considered to integrate programs of discovery
and development of new anticonvulsant drug candidates.

Phenolic compounds
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Introduction

Natural products have been widely used as medicines, dietary
products and nutritional supplements since ancient times due to
the fact that they are a rich source of bioactive compounds and
multiple benefits for human health have also been shown. Effec-
tively, the use of medicinal plants has been validated by traditional

Abbreviations: AED, antiepileptic drug; AUC, area under the concentration-time
curve; Cmax, peak plasma concentration; CNS, central nervous system; EDsg, me-
dian effective dose; G. elata, Gastrodia elata; GABA-T, GABA transaminase; HBA,
4-hydroxylbenzyl alcohol; ICsp, median inhibitory concentration; i.v., intravenous;
i.p., intraperitoneal; KA, kainic acid; LLOQ, lower limit of quantification; NHBA,
N6-(4-hydroxybenzyl) adenine riboside; p.o., oral (per os); scPTZ, subcutaneous
pentylenetetrazole; SSADH, succinic semialdehyde dehydrogenase; SSAR, succinic
semialdehyde reductase; t;,, elimination half-life; TDso, median toxic dose.
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use and they are time tested when compared with modern medic-
inal herbal supplements (Atanasov et al., 2015). For this reason,
herbal plants and some of their bioactive compounds have come to
highlight their therapeutic potential and have been the subject of
extensive research (Kim et al., 2014), mainly at the level of their bi-
ological activities and the underlying molecular mechanisms of ac-
tion. Consequently, natural products can represent valuable starting
materials for drug discovery programs (Bauer and Bronstrup, 2014).

Gastrodia elata Blume (G. elata) is a traditional herb that has
been used in oriental countries for centuries (Kim et al., 2012a,
2003b). Its dry tuber is officially listed in the Chinese Phar-
macopoeia and has been used as an anticonvulsant, analgesic
and sedative product (Ojemann et al, 2006). However, it has
been described as having a large variety of other pharmacologi-
cal properties. Additionally, several phytochemical compounds iso-
lated from this herb, such as gastrodin, 4-hydroxybenzyl alco-
hol (HBA), vanillin, vanillyl alcohol, 4-hydroxybenzaldehyde, N°-(4-
hydroxybenzyl) adenine riboside (NHBA) and parishins, have been
proposed as playing an important role in the pharmacological and
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therapeutic properties claimed for G. elata. The majority of stud-
ies in this context has been focused on the potential interest for
central nervous system (CNS) disorders as it has been recently re-
ported (Jang et al., 2015). For instance, the treatment of dopamin-
ergic SH-SY5Y cells with an ethanol G. elata extract showed pro-
tective effect on 1-methyl-4-phenylpyridinium-induced cytotoxic-
ity (An et al., 2010) and similar results were observed with gas-
trodin (Jiang et al., 2014) and vanillyl alcohol (Kim et al., 2011).
In in vivo conditions, using a Parkinson’s disease mouse model,
an aqueous G. elata extract revealed better antidyskinetic effects
than those observed with amantadine, a reference drug (Doo et al.,
2014). Regarding Alzheimer’s disease, the ethyl ether fraction of a
methanol G. elata extract reduced the amyloid-8 peptide-induced
cell death similarly to melatonin (Kim et al., 2003), and an aque-
ous extract improved cognitive functions in mouse and showed
superior in vitro results than the observed with Gouteng herb
and huperzine A (Mishra et al.,, 2011). Additionally, gastrodin de-
creased the area of amyloid-8 peptide deposition in the cortex
and hippocampus of Tg2576 transgenic mice (Hu et al., 2014) and
4-hydroxybenzyl methyl ether exhibited memory-ameliorating ef-
fects on SCH23390- and scopolamine-induced memory impairment
models (Lee et al., 2015). Considering the treatment of cerebral is-
chemia, it has been reported an important neuroprotective effect
of vanillin and HBA against ischemic neuronal cell death in the
hippocampal CA1 region in gerbils subject to transient global is-
chemia (Kim et al., 2007). A long-term treatment of a rat model
of Tourette’s syndrome with gastrodin also revealed promising re-
sults, suggesting a dual restoring effect of gastrodin on the stri-
atal dopamine content (Zhang and Li, 2015). Concerning psychiatric
disorders, an aqueous extract of G. elata evidenced antidepressant-
like effects possibly via regulation of serotonergic and dopaminer-
gic systems (Chen et al.,, 2009) and this plant also showed poten-
tial benefits for the treatment of schizophrenia in the phencycli-
dine mouse model (Shin et al., 2010). An additional study also sug-
gested anxiolytic-like effects for HBA and 4-hydroxybenzaldehyde
(Jung et al., 2006) and NHBA appeared to potentiate the hyp-
notic effect of sodium pentobarbital in mice as an agonist for both
adenosine A; and Aja receptors (Zhang et al., 2012).

Beyond the CNS effects of G. elata constituents, many other
pharmacological and therapeutic properties have been under in-
vestigation. For example, an ethanol extract of G. elata (Ahn et al.,
2007) and vanillyl alcohol (Jung et al., 2008) inhibited the an-
giogenesis in the chick chorioallantoic membrane assay. Other
G. elata extracts similarly showed potential in alleviating tu-
morigenesis and exhibited antimetastatic activity (Heo et al.,
2007). In addition to its anti-angiogenic effects, vanillyl al-
cohol also inhibited the vascular permeability and exhibited
anti-nociceptive activity probably through the involvement of
prostaglandin biosynthesis (Jung et al., 2008). Moreover, vanillin
was found to be a potent anti-inflammatory and analgesic com-
pound, and 4-hydroxybenzaldehyde, HBA and benzyl alcohol sig-
nificantly inhibited the cyclooxygenase-1 and cyclooxygenase-2 ac-
tivities (Lee et al., 2006). The cardioprotective effects of G. elata
have also been studied, mainly focusing on blood pressure and
serum lipid levels, which were reduced by acidic polysaccha-
rides purified from Gastrodia rhizomes in spontaneously hyperten-
sive rats (Lee et al., 2012) and Sprague Dawley rats (Kim et al.,
2012b). A reduction in insulin resistance was also observed in
diet-induced obese rats treated with an aqueous G. elata extract,
and this effect was mainly attributed to the phenolic compounds
4-hydroxybenzaldehyde and vanillin (Park et al., 2011). Further-
more, gastrodin significantly prolonged the coagulation time and
decreased the fibrinogen content, suggesting its possible use as
a promising anticoagulant lead compound (Liu et al.,, 2006); gas-
trodin also inhibited the cardiac hypertrophy induced by pressure
overload in mice (Shu et al,, 2012). A methanol extract of G. elata

also presented gastroprotective effects (An et al., 2007) and, more
recently, the anti-osteoporosis activity of gastrodin has also been
explored (Chen et al.,, 2015a; Huang et al., 2015a).

The clinical evidence about the therapeutic properties of G.
elata and/or its phytochemical constituents is still scarce. However,
a double-blind, placebo-controlled clinical trial was already per-
formed, suggesting an anti-sickling effect of vanillin (Garcia et al.,
2005). Another double-blind, randomized, controlled clinical study
was carried out to investigate the preventive effects of gastrodin on
the neurocognitive decline, a common complication after cardiac
surgery with cardiopulmonary bypass; this study showed a signifi-
cant decrease in the neurocognitive decline in the patients treated
with gastrodin (Zhang et al., 2011). Moreover, a clinical study is on-
going to evaluate whether G. elata is effective in the treatment of
masked hypertension (ClinicalTrials.gov, 2016).

Among the multi-pharmacological effects of G. elata and its
bioactive constituents on the CNS, the anticonvulsant effects are
certainly worthy of note (Ojemann et al., 2006). Indeed, epilepsy
is one of the most common serious neurological disorders, af-
fecting around 60 million people worldwide (Shetty and Upad-
hya, 2016); moreover, despite the large arsenal of antiepileptic
drugs (AEDs) currently available, approximately 30-40% of pa-
tients develop pharmacoresistance (Kwan et al., 2010; Segrensen
and Kokaia, 2013), thus existing an imperative need of new AEDs
with improved efficacy. Furthermore, over the years, patients with
epilepsy have used a variety of herbs to treat known comorbidities
of epilepsy and common adverse events of AEDs (Ekstein, 2015),
and some medicinal plants have shown potential as new treat-
ment options for patients whose seizures are uncontrolled with
the available AEDs. Actually, extracts of plants and/or their single
constituents have shown to act on the same pharmacological tar-
gets as those of the most commonly used AEDs (Sucher and Carles,
2015; Zhu et al,, 2014). Undoubtedly, the search for new anticon-
vulsant lead compounds among phytochemicals constituents has
emerged as a promissory and alternative drug discovery approach.
For instance, according to the progress report on new AEDs pub-
lished as a summary of the Twelfth Eilat Conference (EILAT XII)
that took place in Madrid (Spain) in 2014 (Bialer et al., 2015), at
least three of the AED candidates in clinical development are herb-
derived compounds (cannabidiol, cannabidivarin and huperzine A).
Therefore, taking into account the contribution of Ojemann and
collaborators (Ojemann et al.,, 2006) and the new literature avail-
able on the anticonvulsant properties of G. elata extracts and some
of their phytochemical constituents, this review intends to address
in a more extensively manner the phytochemical composition of G.
elata, as well as discuss the more recent data on the pharmacoki-
netics and the scientific evidence for potential therapeutic benefits
in epilepsy.

Methods

To prepare this review, an extensive literature search from three
databases, PubMed, ISI Web of Knowledge and Science Direct, was
performed to generate a critical but comprehensive overview of
the phytochemistry, pharmacokinetics, pharmacological and anti-
convulsant properties exhibited by crude extracts or purified com-
pounds of G. elata. The keywords for the search consisted of com-
binations of the following terms: Gastrodia elata, tianma, epilepsy,
anticonvulsant and pharmacokinetics.

Botanical aspects

G. elata, commonly known as “Tianma” (Ojemann et al., 2006),
is a member of the Orchidaceae family (Tao et al., 2011). Although
the orchids usually are famous due to their beautiful flowers,
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