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ABSTRACT 
 
Herbal medicine represents one of the most frequently used complementary and alternative 
approaches for the treatment of psychiatric conditions such as depression, anxiety and 
sleep disturbance.  Among the most used herbal medicines, Hypericum perforatum (HYP) 
extract, Valeriana officinalis extract (VE) and Rhodiola rosea extract (RRE) are the oldest 
and most thoroughly researched phytotherapeutic medications. Despite their widespread 
use, the mechanisms of action and the role of the different compounds of these herbal 
products are still a matter of debate and warrant the need to develop new approaches to 
investigate their effects in humans. Noninvasive brain stimulation protocols, such as 
Transcranial Magnetic Stimulation (TMS) and transcranial Direct Current Stimulation (tDCS) 
can be used to elucidate the mechanisms of action of psychoactive substances at the 
cortical level in humans. TMS can be used to test the affect of acute drug intake at the 
system level in the cerebral cortex in humans. Pharmaco-TMS offers a broad array of 
measures of cortical excitability and offers the possibility to probe the activity of different 
forms of inhibitory and excitatory networks. Furthermore, tDCS is a safe noninvasive brain 
stimulation technique that, combined with TMS, has been shown to induce cortical plastic 
changes in humans that resemble Long-term potentiation and depression (LTP and LTD)-
like plasticity. The studies presented in this thesis explored the neurophysiological effect of 
the acute intake of herbal products commonly used to treat psychiatric conditions.                      
Study 1 explored the effect of HYP extract acute dose intake on cortical excitability and 
plasticity. The results indicated that HYP acute intake affected cortical plasticity induced by 
cathodal tDCS by modulating LTD-like plasticity in a similar manner of conventional 
antidepressants.                                                                                                                  
Study 2 investigated the effects of a single dose intake of VE on cortical excitability. It was 
found that VE intake modulated intracortical facilitatory circuits explored by TMS.                                      
Study 3 studied the effect of a single oral dose of RRE intake on cortical excitability and 
plasticity. Results showed that RRE acute intake prevented cathodal tDCS-induced LTD 
and increased (non-significantly) LTP-like plasticity.                                                                
The translational studies described in the thesis add to the understanding of how the herbal 
products used in psychiatry can affect brain circuitries in humans.  
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GENERAL INTRODUCTION 
 
 
Complementary and Alternative Medicine in psychiatry 
 

Complementary and Alternative Medicine (CAM) has been defined by the United States 

(U.S.) National Center for CAM as a “group of diverse medical and healthcare systems, 

practices and products that are not considered to be a part of conventional medicine”.   

These practices include a heterogeneous spectrum of ancient to new-age approaches 

grouped within five major categories:  mind-body medicine, such as meditation, prayer; 

alternative medical systems, for example traditional Chinese medicine or Ayurveda; 

biologically based practices, such as herbs, dietary supplements or vitamins; manipulative 

and body-based practices, such as massage, chiropractic or osteopathy and energy 

medicine (Coulter & Willis, 2004).  The use of CAM interventions, mainly in addition to 

(complementary) conventional therapies, has increased exponentially in Western 

industrialized nations over the last few years (Barnes et al., 2008). CAM is mostly used in 

self-medication and holds widespread appeal, presumably because of its lower cost and 

higher range of safety when compared to chemically defined pharmaceuticals. In addition, 

patients who use CAM may favoring a more holistic orientation to health care that might be 

more compatible with their own value systems and personal beliefs toward their health and 

life (Frass et al., 2012). CAM has been often used for neck, back, or joint pain, as well as 

head and chest colds (Barnes et al., 2008). Moreover, the use of such therapies has 

become common among people with self-defined anxiety and depression (Kessler et al., 

2001) (Ravindran et al., 2016).  Previous studies showed that CAM users are more likely to 

be: middle-aged female, well educated and with reported poorer health status than non-

users (Harris et al., 2012). CAM prevalence rates and use-related factors are influenced by 

economic and socio-cultural factors (Welz et al., 2018). Estimate CAM use differs between 
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countries.  Previous surveys in the United Kingdom (U.K.), Germany and Italy showed that 

between 10% and 70% of the total population use CAM each year (Eardley et al., 2012) 

(Bodeker & Kronenberg, 2002). In Italy the number of users increased during the last 

decade, although it still remains beneath the estimates described in many European 

countries and in the U.S. (Menniti-Ippolito et al., 2002). In the U.S., almost all CAM agents 

have been defined by the 1994 Dietary Supplement, Health, and Education Act as "dietary 

supplements'', allowing them to avoid the Food and Drug Administration (FDA) regulations 

(McCabe, 2002). According to the National Health Interview Survey (NHIS), in 2012, 33.2% 

of U.S. adults used CAM approaches. More specifically, 17.7% of U.S. adults used natural 

products as they chose complementary health approaches (Clarke et al., 2015). Natural 

products are a group of complementary health approaches that include a variety of 

products such as herbs (also known as botanicals or phytomedicine), vitamins, minerals, 

and probiotics. Research on herbal products has recently flourished with several preclinical 

in vitro and in vivo studies that validated many herbs as having an effect on the central 

nervous system (CNS) (Sarris et al., 2011). Numerous studies have demonstrated that the 

use of herbal products among psychiatric disorders, especially depression and anxiety is a 

common phenomenon (Liu et al., 2015). Many of these herbal products that are available 

as over-the-counter psychotropic herbal medicines are fairly safe and have fewer side 

effects in comparison to conventional drugs such as antidepressants and benzodiazepines 

(Sarris et al., 2011) (Papakostas, 2008) (Baldwin et al., 2007).  The most used herbal 

products to treat psychiatric conditions are Hypericum Perforatum (HYP), Valeriana 

Officinalis and Rhodiola Rosea (Sarris et al., 2011).  
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Antidepressant herb: Hypericum Perforatum Extract 

HYP also know as St. John's Wort (SJW) is a perennial flowering herb that grows in open 

areas throughout much of the world’s temperate regions. It is one of oldest and most 

researched herbal products recommended to treat a wide range of medical conditions.   

Ancient Greek physicians of the first century suggested HYP as a diuretic, wound-healing 

herb; as a treatment for menstrual disorders and a remedy for intestinal worms and 

snakebites. Sixteenth-century scientists recommended it to alleviate pain and to treat 

depression symptoms. Over the centuries HYP use continued in Europe spreading to other 

continents. It was commonly made into teas and tinctures for the treatment of anxiety, 

depression, insomnia, gastritis and inflammation. It has also been used to treat sores, cuts, 

minor burns and abrasions, especially those involving nerve damage (Castleman, 2001)  

(Clement et al., 2006).  

HYP extract contains different compounds such as naphthodianthrones hypericin and 

pseudohypericin, a broad range of flavonoids including hyperoside, isoquercitrin and 

quercetin, and the phloroglucinols hyperforin and pseudohyperforin (Kasper et al., 2010). 

Compounds that are likely to be responsible for antidepressant activity include hypericin 

and hyperforin. Flavonoids are also assumed to have an antidepressant effect and they 

have been shown to improve the pharmaceutical properties of hypericin and other 

compounds (Butterweck & Schmidt, 2007).  The commercially available extracts are usually 

standardized by either their hypericin or hyperforin contents (Schmidt & Butterweck, 2015). 

Commercially available extracts are usually extracted from dried aerial parts. Three 

different types of HYP extracts have been granted as “well-established use” in the 

treatment of mild to moderate depression: a) a dry extract (3-7:1), manufactured with 

methanol 80 % (v/v); b) a dry extract (3-6:1), manufactured with 80 % ethanol (v/v); and a  
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dry extract (2,-8:1), manufactured with 50-68 % ethanol (v/v). For these extract types 

published clinical data revealed that the evidence of the efficacy in mild to moderate 

depressive episodes compared to placebo or standard medication was found to be 

acceptable (Community Herbal Monograph on Hypericum perforatum L.). A large number of 

HYP extract preparations from different manufacturers are marketed as herbal medicine. 

Among the different extract preparations, the WS 5570 is one the most studied and the 

most frequently used as a self-prescribed treatment for depression. It is an 80% methanol 

extract with a plant-to-extract ratio of between 3:1 and 3:1-7:1. It contains 5-6% hyperforin 

and 0.12-0.28% hypericin (Szegedi et al., 2005). Clinical trials using various HYP extract 

preparations allow typical dosages in the range of 300-1800 mg/day (Barnes et al., 2001).  

Standardized preparations are most commonly used for the treatment of mild-to-moderate 

Major Depressive Disorder (MDD).  MDD is one of the most prevalent mental illness, it is 

the second leading cause of disability worldwide and will become the second largest major 

illness in the world by the year 2020. MDD symptoms include feelings of sadness and loss 

of interest as well as cognitive dysfunction and sleep disturbances (Ferrari et al., 2013) 

(Murray & Lopez, 1997). MDD is the psychiatric condition in which the most herbal 

medicine research has been conducted, with HYP representing the vast majority of that 

research.  

Several controlled clinical trials suggest that HYP extract is significantly more effective than 

placebo in the treatment of mild-to-moderate MDD, with at least similar efficacy and better 

tolerability than standard antidepressant drugs (Vorbach et al., 1997) (Kalb et al., 2001) 

(Lecrubier et al., 2002) (Kasper et al., 2010). A double-blind, randomized, placebo-

controlled, multicenter clinical trial has demonstrated the superior antidepressant efficacy of 

WS 5570 600 mg/day (in one dose) and of WS 5570 1200 mg/day (in two daily doses) 

compared to placebo in the treatment of patients with a mild or moderate major depressive 
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episode after 6 weeks of treatment. In the long-term maintenance therapy, this extract 

showed efficacy in patients with early-onset depression and in those with chronic 

symptoms. This extract also showed a beneficial effect in preventing relapse after recovery 

from acute depressive episode (Kasper et al., 2006). Moreover, previous studies confirmed 

the comparable efficacy of HYP extract to conventional antidepressants such as selective 

serotonin reuptake inhibitors (SSRIs) for mild to moderate MDD (Ross, 2014) (Rahimi et al., 

2009). Regarding, HYP extract WS 5570 was found to be as effective as paroxetine 

(Szegedi et al., 2005). HYP extract is now recommended as first-line monotherapy for the 

treatment of mild to moderate MDD and it is recommended as a second-line adjunctive 

treatment for moderate to severe MDD (Ravindran et al., 2016).  

There are many genetic, biological, and psychological factors that contribute to the 

development of MDD, with considerable variability among individuals. Antidepressant drugs 

used for MDD treatment increase synaptic availability of monoamines by either blocking 

serotonin and/or noradrenaline reuptake sites or by inhibiting monoamine oxidase (MAO) 

enzymes (Duman & Kehne, 2007). The HYP extract antidepressant activity has been 

observed in both in vitro and in vivo studies and it is attributed to a range of biochemical 

mechanisms including the inhibition of the synaptic uptake of serotonin, dopamine, and 

noradrenaline (Muller, 2003). In particular it has been hypothesized that the non-selective 

inhibition of monoamines occurs in part via hyperforin modulation of the transient receptor 

potential channels of C type 6 (TRPC6) with consequent sodium influx into the neurons, 

which finally leads to the release of intracellular calcium and to the decrease of the 

neurotransmitters reuptake (Schmidt & Butterweck, 2015). Studies on rat brain 

mitochondria found hypericin to strongly inhibit the enzymes MAO-A and MAO-B (Barnes et 

al., 2001). However, further studies determined that hypericin’s ability to inhibit MAO was 

lower than was originally estimated (Schmidt & Butterweck, 2015). A modulation of 
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neuronal excitability via glutamatergic and gamma-aminobutyric acid (GABA) mechanisms 

was also observed (Schmidt & Butterweck, 2015). Furthermore recent studies showed that 

HYP is involved in the regulation of genes that control hypothalamic–pituitary–adrenal 

(HPA) axis function (Kasper et al., 2010). According to the actual state of scientific 

knowledge, although the single compounds alone have been shown to have antidepressant 

activity, the total extract appears to be more effective. The presence or absence of the 

flavonoid compound “rutin” modulates the antidepressant effect of the herb (Wurglics & 

Schubert-Zsilavecz, 2006). As a result, it seems that the total extract has to be considered 

as the active substance (Butterweck & Schmidt, 2007). The mechanism of action of HYP 

extract in human is not yet completely understood and further studies are needed to 

translate in humans mechanisms underlying the antidepressant activity hypothesized in 

preclinical studies.  
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Anxiolytic herb: Valeriana Officinalis extract 
                                                                                        

Valeriana officinalis (Valerian) is a perennial herb, belonging to the Valerianaceae family.   

It is native to Europe and Northern Asia and has been used as a mild sedative for more 

than 2000 years. Ancient Greek and Roman physicians recommended Valerian to treat 

several disorders including heart palpitations, digestive problems, epilepsy and urinary tract 

infections.  Galeno recommended Valerian as a treatment for insomnia and referred its use 

in the treatment of epilepsy in children and adults.  By the 18 century, Valerian was widely 

used as a sedative and to treat anxiety, headaches, palpitations, high blood pressure, 

irritable or spastic bowel and menstrual cramps (Murti et al., 2011). In herbal medicine, the 

herb's root and rhizomes (underground stems) are chopped and made into a tea or extract 

to be used primarily as a sedative. Over 150 compounds have been identified in Valerian 

including alkaloids (actinidine, chatinine, shyanthine, valerianine, valerine); iridoids 

(valepotriates); sesquiterpenes, contained in the volatile oil (valerenic acid, 

hydroxyvalerenic acid, acetoxyvalerenic acid) and flavanones (hesperidin, 6-

methylapigenin, and linarin). Free amino acids, such as tyrosine, arginine, and glutamine 

are also present (Hadley & Petry, 2003). The CNS activity is largely related to 

sesquiterpenoids (valerenic acid) and valepotriates (Navarrete et al., 2006).                             

In the U.S. Valerian extract (VE) is among the top-selling herbal product and it is marketed 

as a promoter of restful sleep and to support relaxation (Taibi et al., 2007). Nowadays, VEs 

are available as over-the-counter dietary supplements, which primarily involve dried root or 

extracts from the root, formulated into tablets or capsules. VE containing a 70% ethanolic 

extract standardized to 0,8% valerenic acid is the usual commercially available 

presentation.                                                                                                                            
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Up to date data about effectiveness of VE as sleep aid are conflicting. Several placebo 

controlled-studies support its use in case of sleep disturbances. VE showed to promote an 

improvement in sleep latency and quality in both healthy volunteers and patients with sleep 

disorder without disrupting normal sleep architecture, with a low rate of side effects  

(Donath et al., 2000)  (Bent et al., 2006)  (Salter & Brownie, 2010). In contrast, a recent 

meta-analysis concluded that VE intake has no significant effect in each sleep parameters 

considered (sleep onset latency, sleep duration, sleep efficiency) (Leach & Page, 2015). 

Overall, the evidence, while supporting that Valerian is a safe herb associated with only 

rare adverse events, does not support its clinical efficacy as a sleep aid for insomnia (Taibi 

et al., 2007) (Sateia et al., 2017). Although its widespread clinical use to treat anxiety, few 

studies explored the effectiveness of VE in the treatment of anxiety symptoms.  One study 

demonstrated that VE reduced anxiety among healthy adults in a stress-inducing situation 

and that these effects happened independently of the beta-blocker propranolol (Kohnen & 

Oswald, 1988). In a randomized placebo-controlled study with generalized anxiety disorder 

patients, both VE and diazepam groups were shown to reduce symptoms of anxiety 

measured by the Hamilton Anxiety Scale, while placebo had no effect (Andreatini et al., 

2002). Another randomized placebo-controlled trial involving patients with Obsessive 

Compulsive Disorder found a positive effect of VE on Young Mania Rating Scale when 

compared to placebo (Pakseresht et al., 2011).                                                                                                                                          

Current evidence on the pathophysiology of anxiety disorders indicates that serotonergic, 

noradrenergic, glutamatergic, and GABA-ergic transmissions are involved. This is 

confirmed by the clinical efficacy of SSRIs, selective serotonin and noradrenalin reuptake 

inhibitors (SNRIs), and benzodiazepines (Sarris et al., 2011).                                                                                                

VE contains compounds with a range of properties relevant to reduce anxiety symptoms. 

The sedative effect has been connected to the interaction of some compounds with the 
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GABA-ergic neurotransmitter receptor system that acts as enhancer of GABA inhibitory 

signalling in the CNS. It has been proposed that, in animal models, the sedative and 

antianxiety effects are related to VE modulation of GABA-A receptors (GABA-ARs) (Yuan et 

al., 2004).  The main compound responsible for the observed anxiolytic effect is valerenic 

acid that allosterically modulates GABA-A Rs.  It acts as a subunit-specific (β 3) modulator 

of GABA-AR. (Benke et al., 2009) (Becker et al., 2014) (Khom et al., 2010). The question of 

the mechanism of action is still not fully answered and the role and the mechanism of the 

different compounds is still a matter of debate.  Furthermore, the effects of VE intake on 

cortical inhibitory (GABAergic ) circuits in humans still need to be investigated.  
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Adaptogenic herb: Rhodiola Rosea extract 
 
 
Rhodiola rosea, known as "golden root" or "roseroot" is a flowering herb belonging to the 

plant family Crassulaceae that has been traditionally used in Northern Europe, Asia, and 

Russia for centuries to reduce stress-related symptoms.  Rhodiola rosea was used to 

increase physical endurance, work productivity, resistance to high altitude sickness; for the 

treatment of fatigue, depression, anemia, impotence, gastrointestinal ailments, infections 

and nervous system disorders.  

In Asia, Rhodiola rosea tea was recommended to treat and prevent cold and flu during the 

winter. Its traditional use as a general stimulant in Siberian and Russian medicine 

supported extensive research that identified Rhodiola rosea as an adaptogen, a substance 

that increases the ability of an organism to adapt to environmental demands (Brown  et al., 

2002).  

Rhodiola rosea contains different compounds including phenylpropanoids (rosavin, rosin, 

rosarin); phenylethanol derivatives (salidroside or rhodioloside, tyrosol); flavanoids                   

(rodiolin, rodionin, rodiosin); monoterpernes (rosiridol, rosaridin) triterpenes and phenolic 

acids. The main active compounds thought to be responsible for the CNS effects and 

adaptogenic action are rosavins and salidroside. The term rosavins is used to include 

rosavin, rosin, and rosarin. Therefore, Rhodiola rosea extract (RRE) as dried root extract 

used in human clinical studies is mostly standardized to minimum 3% rosavins and 0.8-1% 

salidroside (Brown  et al., 2002). 

RRE has been investigated in several clinical trials that showed its effectiveness in mild 

depression, anxiety symptoms and in improving fatigue related to mental stress.                  

It is considered as a stimulating adaptogen with antidepressant activity (Sarris, 2018). A 

randomized, double-blind, placebo controlled clinical study in healthy military cadets in 
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Russia investigated the influence of RRE  (370 and 555 mg doses) on various mental and 

biological parameters discovering a pronounced antifatigue effect (Shevtsov et al., 2003).  

Another double-blinded, placebo controlled trial of patients with mild to moderate 

depression receiving RRE in daily dosages of either 340 mg or 680 mg over 6 weeks 

showed significantly greater improvement in overall depression, insomnia, emotional 

instability and somatisation as measured by the Hamilton Rating Scale for Depression 

(HAMD) scores compared to the placebo group (Darbinyan et al., 2007).  RRE has been 

studied as well for its effect as an adaptogen. A double-blind, placebo-controlled trial of 60 

individuals suffering from stress-related fatigue receiving 576 mg of RRE (2 tablets twice a 

day) for 28 days reported significant effects of the extract versus placebo on a battery of 

tests measuring fatigue and stress (Olsson et al., 2009). A double-blind, randomized, 

placebo-controlled trial involving 20 students taking 2 tablets a day of RRE for 20 days 

during an exam period showed significant improvement in psychomotor function and mental 

fatigue (Spasov et al., 2000). A multicenter, non-randomized, open-label, single-arm trial of 

101 subjects with life stress symptoms receiving 200 mg of RRE twice a day for 4 weeks 

reported significantly improved scores in a battery of tests used to measure stress and 

fatigue levels (Edwards et al., 2012). Moreover, RRE has been demonstrated to 

significantly improve endurance exercise capacity in young healthy volunteers after an 

acute intake (De Bock et al., 2004).  Several studies pointed out the usefulness of RRE as 

an adaptogen because of its observed ability to increase resistance to various chemical, 

biological, and physical stressors (Panossian et al., 2010) (Edwards et al., 2012) (Kasper & 

Dienel, 2017) (Lekomtseva et al., 2017). 

The mechanism of action may be related to RRE stimulation of noradrenalin, dopamine, 

and serotonin receptors in selected brain regions (Amsterdam & Panossian, 2016). MAO 

inhibition has been proposed to be responsible for the antidepressant activity and rosiridin 
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has been shown to be a potent inhibitor of MAO A and B in vitro (van Diermen et al., 2009).  

At the cortical and brainstem level it was demonstrated that sub-chronic treatment (10 days) 

with RRE increased the concentration of serotonin (Qin et al., 2008). Studies in rats have 

also shown that the level of serotonin in the brain was increased after oral administration of 

RRE (Chen et al., 2009).  Several preclinical studies conducted in cell lines and animal 

models showed the presence of biochemical and pharmacological stress-reducing actions 

of RRE. The administration of salidroside in olfactory bulbectomized rats showed anti-

inflammatory effects, regulated the HPA axis activity, induced the transcription of brain-

derived neurotrophic factor (BDNF) and improved depressive-like behaviour (Yang et al., 

2014). In addition, the extracts and active compounds demonstrated cognitive enhancing 

effect in rodents (Petkov et al., 1986)  (Palmeri et al., 2016). The adaptogenic effects seem 

to occur via regulation of the HPA axis that modifies the stress response through inhibition 

of cortisol secretion, mediation of kinase enzymes and modulation of monoamines 

(Panossian et al., 2010). Moreover anti-oxidative/anti-inflammatory mechanisms have been 

considered to explain its potential protection against heart and brain disease (Lee et al., 

2013)  (Anghelescu et al., 2018). Despite numerous preclinical and clinical studies its 

adaptogenic mechanism of action still needs to be addressed in humans. 
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Non-invasive brain stimulation to probe cortical excitability and 

neuroplasticity in humans 

 
Brain stimulation represents a growing area of research with valuable option for clinical 

application. Non-invasive brain stimulation (NIBS) protocols uses electrical or magnetic 

stimulations to induce different effects on the neuronal circuits.  They offer different ways to 

target specific brain regions and to identify specific functional role of brain structures. 

Transcranial direct current stimulation (tDCS) and Transcranial Magnetic Stimulation (TMS) 

are the most commonly used NIBS methods in humans (He et al., 2018). 
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Transcranial Magnetic Stimulation  
 

TMS was first introduced in 1985 by Barker et al. to investigate the integrity and function of 

the human corticospinal system in healthy subjects and in patients with neurological 

disorders (Barker et al., 1985). This procedure uses magnetic fields to stimulate nerve cells 

in the brain, based on the principle of electromagnetic induction, as discovered by Michael 

Faraday in 1838.  If a pulse of electrical current passing through a coil placed over a 

person’s head has sufficient strength and short enough duration, rapidly changing magnetic 

pulses are generated that penetrate the scalp and the skull to reach the brain with little 

attenuation by extracerebral tissues. These pulses induce an electric field sufficient to 

cause localized neuronal depolarization and to activate neural networks in the cortex 

(Paulus et al., 2008). The TMS induced current is oriented parallel to the coil and stimulates 

neurons that lie in the same plane. The horizontally oriented axons in the cortex are 

preferentially depolarized when the coil is held tangentially to the head. Therefore, radially 

oriented neurons are affected by TMS mainly via synaptic input from horizontally oriented 

elements (Kapogiannis & Wassermann, 2008). 

TMS can be applied in single, paired and repetitive pulses which can be delivered through 

different shaped coils. The most frequently used are round or figure eight coils. The figure 

eight coil produces a stronger and more focal field than the circular one. TMS of primary 

motor cortex (M1) is most commonly used to study the human motor system. When single 

TMS is applied over the motor cortex at appropriate stimulation intensity, a brief, relatively 

synchronous muscle response, the motor-evoked potential (MEP), can be recorded from a 

contra-lateral extremity muscle. Single- and paired-pulse TMS paradigms allow for the 

assessment of cortical excitability: motor threshold (MT), MEP, cortical silent period (CSP), 

short intracortical inhibition (SICI) and intracortical facilitation (ICF) are the most common 

parameters used to probe corticospinal excitability (Ziemann, 2004). MT refers to the lowest 
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TMS intensity necessary to evoke MEPs in the target muscle when single-pulse stimuli are 

applied to the motor cortex. MT is defined as the lowest intensity required to elicit MEPs of 

more than 50 μV peak-to-peak amplitude in at least 50% of successive trials in target 

muscles. It is a global measure of corticospinal excitability (Di Lazzaro et al., 2008)  (Paulus 

et al., 2008). MEP is defined as the overall response of a peripheral muscle, measured by 

electromyography (EMG), that is induced via TMS delivered over the contralateral motor 

cortex (Rothwell et al., 1999). MEP amplitude reflects the recruitment and the excitability of 

the corticospinal tract and it increases with TMS intensity in a sigmoid fashion (Ziemann et 

al., 2015). The CPS refers to TMS-induced interruption of the EMG activity during a 

voluntary contraction of a target muscle and depends on inhibitory mechanisms at the level 

of the motor cortex. The exact mechanism of CPS is still unknown (Caipa et al., 2018).      

The paired pulse TMS paradigm couples a suprathreshold magnetic stimulus with a 

preceding (conditioning) subthreshold stimulus and the response to the paired stimuli 

results in a physiological reduction (inhibition) or increase (facilitation) of MEP amplitude. 

These effects depend on the interstimulus interval (ISI), measured in milliseconds (ms):     

at short ISI (1–4 ms) the conditioning stimulus determines an intracortical inhibition with 

respect to the test stimulus, whereas at longer ISI (>5ms) the effect is an intracortical 

facilitation (Hallett, 2007). SICI reflects the status of the intracortical GABAergic system 

mediated mainly by GABA-ARs, as well as dopamine and acetylcholine. On the contrary, 

ICF reflects a more complex phenomenon and it is an indirect measure of glutamatergic N-

methyl-D- aspartate (NMDA) mediated neurotransmission (Paulus et al., 2008).  

TMS of the motor cortex can be paired with electric stimulation of a peripheral nerve               

(median or ulnar nerve) to investigate both short-latency afferent inhibition (SAI) and long-

latency afferent inhibition (LAI). If the time interval between TMS and peripheral nerve 

stimulation is approximately 20–25 ms, MEPs recorded in hand muscles can be 



24 
 

suppressed. This condition is defined as SAI. LAI is the second inhibition period and it is 

shown for ISIs between 100 and 500 ms (Ziemann, 2004). TMS provides a method to study 

inhibitory and excitatory circuits in the human brain. TMS has been also used to better 

understand the physiological effects of drug-induced excitability changes after the  

administration of CNS active drugs (Ziemann et al., 2015)  (Paulus et al., 2008).  
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Pharmaco-TMS: cortical excitability in humans 

Pharmaco-TMS experiments offer an opportunity to explore the neurophysiological effects 

of psychoactive drugs in vivo in the human brain.  Drugs with a known mechanism of action 

have been used to study TMS measures of motor cortex excitability and to provide a better 

understanding of several TMS parameters. Moreover, TMS measures have been used to 

identify the mechanism of action of the studied drug at the system level of the human motor 

cortex. TMS measures of cortical excitability have been studied at one or several time 

points after the intake of a single dose compared to a baseline obtained prior to the intake 

of the drug. The effects on a given TMS measure have been tested in healthy subjects and 

allowed to identify inference on the physiological mechanisms of these measures (Ziemann, 

2013). The best level of scientific evidence for drug effects on TMS measures of motor 

excitability is provided by randomized placebo-controlled double-blind crossover design 

studies.  Several parameters have been identified as being modulated by drug intake:  

-MT is modulated by glutamatergic intracortical synaptic transmission; it increases after 

voltage-gated sodium channel blockers intake in particular anticonvulsants such as 

carbamazepine and lamotrigine (Ziemann et al., 1996) (Tergau et al., 2003). On the 

contrary, it was found that NMDA antagonist ketamine that increases indirectly 

glutamatergic neurotransmission through the alpha-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid  (AMPA) receptors, decreases MT (Di Lazzaro et al., 2003). 

GABAergic drugs and other drugs affecting the serotoninergic, dopaminergic and  

noradrenergic systems do not produce consistent effects on MT (Paulus et al., 2008). 

-MEP amplitude: prior human pharmaco-TMS studies showed that this excitatory circuit 

network is regulated by glutamatergic, GABAergic, noradrenergic and serotonergic 

neurotransmitters.  Positive allosteric modulators of the GABA-AR, such as the 

benzodiazepines diazepam and lorazepam decrease MEP amplitude. Acute modulation of 
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other neurotransmission systems (noradrenaline agonists methylphenidate, D-

amphetamine, reboxetine and  serotonin agonists sertraline and paroxetine)  increase it 

(Ziemann, 2013). 

-CSP is modulated by inhibitory mechanisms involving GABA-B receptor (GABA-BR) 

subtypes. However, this previous hypothesis has been reconsidered because of some 

drugs, such as baclofen, a specific GABA-BR agonist, have no significant effect on CSP 

duration. Moreover, the administration of benzodiazepines which act on GABA-AR 

subtypes showed to lengthen the CSP. It is widely accepted that CSP duration is not 

affected by drugs that modify facilitatory mechanisms (Caipa et al., 2018).  

-SAI is modulated by acetylcholine and GABA  as it can be changed with GABA-A agonists.  

-LAI probably concerns the basal ganglia or cortical association areas. 

-SICI reflects the status of the intracortical GABAergic system mediated mainly by GABA-

ARs receptors. Previous studies showed that benzodiazepines and other GABAergic 

agents that act on GABA-ARs enhance SICI. However, the GABA-AR antagonist flumazenil 

does not affect SICI and this result was related to the lack of a tonic activity at the 

benzodiazepine binding site of the GABA-AR in normal human motor cortex (Paulus et al., 

2008). Drugs that interfere with membrane excitability and block voltage-gated channels do 

not have an effect on SICI (Di Lazzaro et al., 2005) (Ziemann et al., 2015).                       

Other pharmaco-TMS studies showed an effect of monoamines on SICI. Previous studies 

using SSRIs demonstrated that the ingestion of a single oral dose of these drugs induced 

an increase of SICI and a reduction of ICF. The increase in SICI was linked to the 

enhanced activity of the GABAergic inhibitory interneurons while the mechanism through 

which SSRIs exhibited their effects on ICF are not consistent across studies (Ilic et al., 

2002) (Eichhammer et al., 2003) (Robol et al., 2004). 
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- ICF reflects a more complex phenomenon that is modulated by both excitatory and 

inhibitory mechanisms. It reflects most likely NMDAR-mediated excitatory 

neurotransmission as the intake of NMDAR antagonists dextromethorphan and memantine 

leads to its reduction (Ziemann et al., 2015). Although ICF modulation involves facilitation, it 

does not require any alteration in membrane excitability and therefore remains unaffected 

by channel-blocking drugs (Boroojerdi, 2002).  GABAergic drugs, specifically those with 

GABA-A activity, have been found to produce a reduction in ICF duration (Ziemann, 2004) 

(Kapogiannis & Wassermann, 2008). Pharmaco-TMS studies testing ICF agree with the 

observation that ICF represents an expression of a cortical net facilitation involving 

facilitation and weaker inhibition (Paulus et al., 2008). 

Several factors may contribute to the pharmaco-TMS experiments response, such as 

genetic polymorphisms of proteins involved in the regulation of neuronal excitability, age 

and the phase of  the menstrual cycle. Moreover, several drugs do not have an exclusive 

mechanism of action in humans and, consequently, TMS measures often do not allow 

definite conclusions about the mechanisms involved (Ziemann, 2013). 
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Transcranial Direct Current Stimulation  

 

TDCS uses low-amplitude currents delivered to the brain area of interest through anodal 

and cathodal scalp electrodes. The current penetrates the skull, enters the brain, and 

affects the resting membrane threshold by modulating ion channels or shifting electrical 

gradients across the neural membrane (Huang et al., 2017). 

The current does not induce action potentials, but rather modulates the spontaneous 

neuronal activity in a polarity-dependent manner. It is considered that tDCS induces 

persisting excitability changes in the human motor cortex that are selectively controlled by 

the polarity, duration and current strength of stimulation. During anodal stimulation the 

current flows from the active electrode to the reference electrode while in the cathodal 

stimulation the current flows from the reference electrode to the active electrode. Therefore 

the positively charged electrode is defined as an anode, while the negatively charged 

electrode is defined as a cathode (He et al., 2018).  Anodal tDCS applied to the motor 

cortex at rest increases the excitability of the underlying cortex (depolarization), while 

cathodal tDCS applied over the same area decreases it (hyperpolarization). These effects 

are demonstrated by MEP amplitude changes studied with TMS. After anodal tDCS applied 

between 5 and 20 min at 1 milliampere (mA), MEP size increases. Cathodal tDCS with 

these stimulation parameters reduces MEP amplitude (Nitsche et al., 2003) (Nitsche & 

Paulus, 2000). The after-effects described above are mediated by synaptic plasticity 

changes and involve the glutamatergic system. Previous research has shown that tDCS 

may induce neuroplasticity effects similar to long-term potentiation (LTP) and long-term 

depression (LTD)-like mechanisms (Milev et al., 2016).  
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LTP-like and LTD-like plasticity in humans 
 
 

Synaptic plasticity is defined as the continuous remodelling of brain function in response to 

external stimuli, by way of short and long-term changes of interneuronal connections. It is a 

CNS adaptive property consisting of the ability of synapses to strengthen or weaken over 

time, in response to increases or decreases of activity and to optimize the brain network 

function. Eric Kandel and his group in 1969 found the first evidence for the molecular basis 

of neuroplasticity by studying the invertebrate sea-slug, Aplysia californica and afterwards 

with the characterization of LTP in the mammalian hippocampus.  In 1973 Bliss and Lomo 

provided a molecular mechanism for neuroplasticity that follows  Hebbian principles (Bliss & 

Lomo, 1973). The Hebbsʼs rule states that “when an axon in cell A is near enough to excite 

cell B and repeatedly and persistently takes part in firing it, some growth or metabolic 

process takes place in one or both cells such that Aʼs efficacy in firing B, is increased” 

(Hebb, 1949). The theory has been considered to describe the adaptation of neurons during 

the learning process and to characterize LTP. To explain the origin and modulation of 

neural plasticity, several mechanisms have been proposed  including LTP and LTD, second 

messengers pathway activation, gene transcription, neuronal morphological modifications. 

The two most important forms of long-lasting synaptic plasticity are LTP and LTD, 

characterized by a long-lasting increase or decrease in synaptic strength, respectively.  It is 

suggested that they are involved in information storage and therefore in learning and 

memory processes (Collingridge et al., 2010). Regarding LTP, it is induced typically by a 

100 Hz high frequency stimulation (HFS) protocol. Its induction is related to the activation of 

NMDA receptors (NMDA-Rs) during postsynaptic depolarization, with an increase of 

calcium levels due to calcium influx through the NMDAR channel (He et al., 2018). On the 

other hand, voltage- gated calcium channels (VGCCs) may be involved in the induction of 

LTP.  These mechanisms may operate cooperatively, for example when calcium influx 
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through VGCCs leads to the depolarization of the postsynaptic membrane and to the 

release of the magnesium block from NMDARs, there will be a facilitation of the induction of 

NMDAR-dependent LTP. The increase in postsynaptic calcium triggers intracellular 

signaling pathways including the activation of protein and tyrosine kinases, that will result in 

phosphorylation of AMPA receptors (AMPAR) in the postsynaptic membrane and in new 

AMPARs  (Ziemann et al., 2015).                                                                                   

LTD is characterized by enduring reductions in synaptic efficacy that involves both 

metabotropic glutamate receptors (mGluRs) and NMDARs. Both forms of LTD result in 

down-regulation of synaptic transmission and are triggered by lower levels of postsynaptic 

calcium and are mediated by AMPAR internalization. LTD takes part in many mechanism 

including the dynamic range in which synapses can operate, the prevention of synapses 

saturation state, the encoding and the refining of memories (Connor & Wang, 2016).  

Changes in cortical plasticity can be induced and studied by using NIBS.  LTP and LTD 

have been studied in basic science studies and the knowledge obtained led to the 

development of several TMS paradigms that allowed to probe neuroplasticity in the awake 

human cortex. tDCS and TMS can modulate cortical excitability and plasticity. tDCS has 

been used to induce neuroplasticity in humans and it follows the Hebbian rule of neural 

plasticity. It is suggested that tDCS induces plasticity in humans by acting on intracellular 

calcium dynamics since calcium channel blockage abolished LTP-like plasticity induced by 

anodal tDCS (Nitsche et al., 2003).  
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Effects of conventional drugs on tDCS-induced LTP- like and LTD-like 

plasticity in humans 

Several studies have shown that tDCS-induced cortical plasticity is modulated by CNS 

active drugs in humans, providing significant evidence on the effects of these 

pharmacological interventions on cortical plasticity.  The size of the MEP amplitude, evoked 

by TMS over M1 is used to quantify changes in cortical excitability that are induced by tDCS 

(Ziemann et al., 2015).  tDCS effects on plasticity can be modulated by drugs that affect 

synaptic dynamics. Previous studies on healthy subjects provided evidence for an NMDA-

R-dependence of tDCS induced cortical plasticity. tDCS-induced LTP-like and LTD-like 

plasticity was blocked by the NMDA-R antagonist dextromethorphan (Liebetanz et al., 

2002) while instead the partial NMDA-R agonist D-cycloserine increased tDCS-induced 

LTP (Nitsche et al., 2004b). Furthermore, the role of serotonin as a plasticity modulator able 

to affect tDCS-induced plasticity has been supported by previous results in humans. It was 

shown that a single oral dose of the SSRI citalopram enhanced and prolonged LTP-like M1 

plasticity induced by anodal tDCS and converted cathodal tDCS-induced LTD-like plasticity 

into facilitation in healthy subjects (Nitsche et al., 2009).  More complex effects have been 

shown to appear in other neuromodulators such as dopamine that has a dose-dependent 

inverted U-shaped like effect on LTP like plasticity (Ziemann et al., 2015). Regarding the 

noradrenergic system, previous pharmaco-TMS studies in humans showed that 

amphetamine intake enhanced and prolonged the tDCS anodal effects, while propranolol 

reduced anodal tDCS-induced LTP like plasticity (Nitsche et al., 2004a). Moreover, the 

selective noradrenaline inhibitor (NRI) reboxetine reverted cathodal tDCS-induced LTD-like 

plasticity into facilitation in healthy subjects (Kuo et al., 2017). Anodal and cathodal effects 

on M1 in humans were abolished by nicotine (Thirugnanasambandam et al., 2011) and  
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cholinesterase-blockers (Kuo et al., 2007). These previous pharmaco-TMS studies indicate 

that a large number of CNS active drugs affected these parameters  in different ways.          

The following table by Ziemann et al. 2015, summarizes these results.   

Acute effects of CNC active drugs on tDCS induced-like plasticity 

System/Drug Mode of action Protocol Effect 

The glutamatergic system    

Cycloserine Partial NMDA agonist Anodal tDCS Increase/facilitation 

 

Dextromethorphan 

 

NMDAR antagonist 

Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Decrease/suppression 

Voltage-gated ion channels    

 

Flunarizine 

 

T-type VGCC 

antagonist 

Anodal  tDCS 

Cathodal tDCS 

Decrease/suppression 

No effect 

 

Carbamazepine 

 

VGSC antagonist 

Anodal  tDCS 

Cathodal tDCS 

Decrease/suppression 

No effect 

The GABAergic system    

 

Lorazepam 

 

GABAAR agonist 

Anodal tDCS 

Cathodal tDCS 

Increase/decrease 

No effect 

The dopaminergic system    

L-Dopa (low/high dose) 

 

DR agonist Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Decrease/suppression 

L-Dopa (medium dose) 

 

DR agonist Anodal tDCS 

Cathodal tDCS 

Switch to LTD 

No effect 

L-Dopa (low/high dose) 

+ Sulpiride 

D1R stimulation Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Switch to LTP 

L-Dopa (medium dose) 

+ Sulpiride 

 

D1R stimulation Anodal tDCS 

Cathodal tDCS 

No effect 

Decrease/suppression 

Ropinirole (low/high dose) D2/D3R agonist Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Decrease/suppression 

Ropinirole (medium dose) D2/D3R agonist Anodal tDCS No effect 



33 
 

 

    

 

 

 

 

 

 

 

 

 

 

      

        

Adapted from Ziemann et al., 2015 

 

 

 

 

 

 

 

 

 

 

 

Cathodal tDCS No effect 

 

Sulpiride 

 

D2R antagonist 

Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Decrease/suppression 

The cholinergic system    

 

Rivastigmine 

Cholinesterase 
inhibitor 

m/nAChR stimulation 

Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Increase/decrease 

 

Nicotine 

Cholinesterase 
inhibitor 

m/nAChR stimulation 
nAChR agonist 

Anodal tDCS 

Cathodal tDCS 

Decrease/suppression 

Decrease/suppression 

The serotonergic system    

 

Citalopram 

 

SSRI 

Anodal tDCS 

Cathodal tDCS 

Increase/facilitation 

Switch to LTP 

The adrenergic system    

 
Amphetamine 

 
Monoamine reuptake 

inhibitor 

Anodal tDCS 

Cathodal tDCS 

Increase/facilitation 

Decrease/suppression 

 
Propanolol 

 
Beta-adrenergic 

antagonist 

Anodal tDCS 

 

Decrease/suppression 
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STUDY 1                

 
Rational  

Preclinical studies support the effect of HYP extract compounds on several 

neurotransmitters (Butterweck & Schmidt, 2007) (Suzuki et al., 1984) (Chang & Wang, 

2010). Modulation of neurotransmitters with conventional drugs has an effect on cortical 

excitability tested with TMS in humans (Ziemann, 2004). Furthermore preclinical evidence 

indicates that HYP extract administration induces plastic changes in the brain of rodents 

(Crupi et al., 2011) (Crupi et al., 2013) (Langosch et al., 2002) (Trofimiuk et al., 2011) (Patel 

et al., 2016). 

Translational studies in humans showed that the administration of conventional 

antidepressants affected both cortical excitability (reduced ICF, enhanced SICI, changes in 

MEP amplitude and RMT) and plasticity (Ziemann, 2013).  A single dose of the SSRI 

citalopram enhanced and prolonged LTP-like plasticity induced by anodal tDCS and 

converted cathodal tDCS-induced LTD-like plasticity into facilitation in healthy subjects 

(Nitsche et al., 2009).  The administration of the NRI reboxetine reverted cathodal tDCS-

induced LTD-like plasticity into facilitation in healthy subjects (Kuo et al., 2017). Studies 

assessing CAM and neuroplasticity in humans are scarce. In this study it was explored 

whether the administration of HYP extract with well documented antidepressant activity in 

rodents and humans modulates cortical excitability and neuroplasticity in humans.    
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Theoretical Framework 
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Aim  

The aim of the study was to investigate the cortical neuromodulatory effects of HYP extract 

in healthy subjects using a broad array of TMS measures of motor excitability and tDCS-

induced LTP-/LTD-like plasticity. 

 
Study design 

This is a double-blind, randomized, crossover study in a sample of healthy volunteers.  

Independent variable (treatment):  two levels HYP extract and placebo.                           

Multiple dependent variables: TMS parameters of cortico-spinal excitability (RMT, MEP, 

MEP recruitment, CPS, SICI, ICF, Fwave, Mmax) and the tDCS-induced parameters of cortical 

plasticity  (LTP, LTD).  

 

Participants 

Inclusion criteria Exclusion criteria 

 
Aged between 18 to 50 

Being alert, cooperative and both willing and 

able to participate in the study 

Being able to provide informed consent 

 

 
History of epilepsy  
History of brain trauma  
History of stroke, brain tumors, brain infections, vascular 
malformations 
Exposure to poisons 
Any bodily metal implants 
Any device that may be affected by TMS (pacemaker, 
medication pump, cochlear implant, implanted brain stimulator) 
Pregnancy and breast-feeding 
History of long-term alcohol or drug use 
Sleep deprivation 
Current use of medications  
Any current serious medical illness 
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Research Questions 

The research questions being asked are: 

RQ1- Does HYP extract intake modulate corticospinal excitability tested with TMS in 

healthy subjects?  

RQ2- Does HYP extract intake modulate LTP-like plasticity induced by anodal tDCS in 

healthy subjects?  

RQ3- Does HYP extract intake modulate LTD-like plasticity induced by cathodal tDCS in 

healthy subjects?  

 

Research Hypothesis 

H01: There will be no significant difference in corticospinal excitability in healthy subjects 

after the intake of HYP extract or a placebo. 

HA1: There will be significant difference in corticospinal excitability in healthy subjects after 

the intake of HYP extract or a placebo. 

H02: There will be no significant difference in LTP-like plasticity induced by anodal tDCS in 

healthy subjects after intake of HYP extract or a placebo. 

HA2: There will be significant difference in LTP-like plasticity induced by anodal tDCS in 

healthy subjects after intake of HYP extract or a placebo. 

H03: There will be no significant difference in LTD-like plasticity induced by cathodal tDCS 

in healthy subjects after intake of HYP extract or a placebo.  

HA3: There will be no significant difference in LTD-like plasticity induced by cathodal tDCS 

in healthy subjects after intake of HYP extract or a placebo. 
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STUDY 2 

Rational 

Neurobiological preclinical research has begun to show that the herb, especially its active 

compound valerenic acid, interacts with the GABAAergic system, a mechanism of action 

similar to benzodiazepines (Marder et al., 2003) (Khom et al., 2007) (Fernandez et al., 

2004). For instance, Awad et al. found that VE increased brain GABA level and 

neurotransmission by stimulating  glutamic acid decarboxylase (GAD) and inhibiting GABA 

transaminases (GABA T) (Awad et al., 2007). Furthermore, valerenic acid stimulates 

GABergic receptors thereby producing neuronal inhibition (Khom et al., 2016).  Paired pulse 

TMS does not provide direct indexes of GABergic and glutmatergic neurotransmission but 

does provide indirect neurophysiological measurements closely related to GABA and 

glutamate receptors mediated function. Translational studies in humans using conventional 

GABA-ergic agonists modulate cortical excitability (Ziemann, 2004)  (Ziemann, 2013).  

Hence it was planned to evaluate whether VE intake affects TMS parameters.  
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Theoretical framework 
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Aim  

Although the anxiolytic and sedative effects are mainly attributed to the modulation of 

GABA-ergic transmission, the mechanism of action has not been fully investigated in 

humans and no studies have investigated the acute effects of VE administration on human 

cortical excitability. The aim of the study was to investigate the effects of a single dose of 

VE on cortical excitability assessed with TMS. 

 

Study design 

This is a double-blind, randomized, crossover study in healthy subjects. Independent 

variable (treatment): two levels VE and placebo. Multiple dependent variables: TMS 

parameters of cortico-spinal excitability (RMT, MEP, MEP recruitment, CPS, SICI, ICF, SAI, 

LAI, Fwave, Mmax). 

 

Participants 

Inclusion criteria Exclusion criteria 

 
Aged between 18 to 50 

Being alert, cooperative and both willing and 

able to participate in the study 

Being able to provide informed consent 

 

 
History of epilepsy  
History of brain trauma  
History of stroke, brain tumors, brain infections, vascular 
malformations 
Exposure to poisons 
Any bodily metal implants 
Any device that may be affected by TMS (pacemaker, 
medication pump, cochlear implant, implanted brain stimulator) 
Pregnancy and breast-feeding 
History of long-term alcohol or drug use 
Sleep deprivation 
Current use of medications  
Any current serious medical illness 
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Research Questions 

The research questions being asked are: 

RQ1- Does VE intake modulate corticospinal excitability tested with TMS in healthy 

subjects?  

 
 
 
Research Hypothesis 

H01: There will be no significant difference in corticospinal excitability in healthy subjects 

after the intake of VE or a placebo. 

HA1: There will be significant difference in corticospinal excitability in healthy subjects after 

the intake of VE or a placebo. 
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STUDY 3 
 

Rational 

RRE acts to normalize cortisol synthesis potentially through inhibition of the Stress-

activated protein kinases (SAPK) pathway involved in the pathogenesis of stress 

symptoms. At the same time through inhibition of the SAPK/JNK pathway, RRE prevents 

the formation of nitric oxide (NO) and the associated decline in the ATP synthesis 

(Panossian et al., 2007) (Panossian et al., 2012) (Amsterdam & Panossian, 2016).  During 

stress, high glucocorticoid levels interfere with the physiological occurrence of LTP-like and 

LTP-like plasticity. It appears that during stress the high glucocorticoid levels and the 

subsequent increase of glutamate release and the reduced BDNF synthesis alter the 

homeostasis of brain circuitries with an increase in promoting LTD and the disruption of 

LTP (Wong et al., 2007). Similar results have been demonstrated in humans using NIBS 

(Sale et al., 2008) (Concerto et al., 2017). Preclinical studies indicate that RRE increases 

hippocampal LTP and BDNF expression in the hippocampus of rats and mice (Yang et al., 

2014) (Dimpfel et al., 2018). Hence in this study it was planned to investigate whether the 

administration of RRE would modulate LTD-like and LTP-like plasticity in a manner that 

counteracts the effect of stress and high cortisol level on neuroplasticity.  
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Theoretical framework 
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Aim 

The aim of this study was to examine the effect of RRE on human cortical excitability and 

plasticity and to evaluate its ability to modulate synaptic plasticity in a manner that could 

potentially reverse or counteract the negative effects of stress. 

 

Study design 

This is a double-blind, randomized, crossover-design study in a sample of healthy 

volunteers. Independent variable (treatment): two levels RRE and placebo. Multiple 

dependent variables: TMS parameters of cortico-spinal excitability (RMT, MEP, MEP 

recruitment, CPS, SICI, ICF, Fwave, Mmax) and the tDCS-induced parameters of cortical 

plasticity  (LTP, LTD).  

 

Participants 

Inclusion criteria Exclusion criteria 

 
Aged between 18 to 50 

Being alert, cooperative and both willing and 

able to participate in the study 

Being able to provide informed consent 

 

 
History of epilepsy  
History of brain trauma  
History of stroke, brain tumors, brain infections, vascular 
malformations 
Exposure to poisons 
Any bodily metal implants 
Any device that may be affected by TMS (pacemaker, 
medication pump, cochlear implant, implanted brain stimulator) 
Pregnancy and breast-feeding 
History of long-term alcohol or drug use 
Sleep deprivation 
Current use of medications  
Any current serious medical illness 
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Research Questions 

The research questions being asked are: 

RQ1- Does RRE intake modulate corticospinal excitability tested with TMS in healthy 

subjects?  

RQ2- Does RRE intake modulate LTP-like plasticity induced by anodal tDCS in healthy 

subjects?  

RQ3- Does RRE intake modulate LTD-like plasticity induced by cathodal tDCS in healthy 

subjects?  

 

Research Hypothesis 

H01: There will be no significant difference in corticospinal excitability in healthy subjects 

after the intake of RRE or a placebo. 

HA1: There will be significant difference in corticospinal excitability in healthy subjects after 

the intake of RRE or a placebo. 

H02: There will be no significant difference in LTP-like plasticity induced by anodal tDCS in 

healthy subjects after the intake of RRE or a placebo. 

HA2: There will be significant difference in LTP-like plasticity induced by anodal tDCS in 

healthy subjects after the intake of RRE or a placebo. 

H03: There will be no significant difference in LTD-like plasticity induced by cathodal tDCS 

in healthy subjects after the intake of RRE or a placebo.  

HA3: There will be no significant difference in LTD-like plasticity induced by cathodal tDCS 

in healthy subjects after the intake of RRE or a placebo. 
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DISCUSSION 
  
The main aim of this project was to investigate whether the CAM herbal products commonly 

used to treat psychiatric conditions would modulate cortical circuitries in a similar manner 

as conventional antidepressant and anxiolytic drugs.  In addition, it was investigated, for the 

first time, the effect of an adaptogen on cortical excitability and plasticity in humans.                   

In Study 1 it was demonstrated that HYP extract WS5570 modulates LTP-like and LTD-like  

plasticity in humans in a similar way to conventional antidepressants (citalopram/ 

reboxetine). The effects of conventional antidepressants on plasticity are supported by a 

large number of preclinical studies. LTP and LTD, as induced by repetitive electrical 

stimulation in animal preparations, are modulated by serotonin in a prominent but 

heterogeneous way.  Serotonin enhancement or serotonin receptor activation have been 

shown to reduce or abolish LTP (Edagawa et al., 1998) (Kojima et al., 2003) (Mnie-Filali et 

al., 2006)  but, serotonin antagonists are also able to abolish LTP (Sanberg et al., 2006)  

(Huang et al., 2012). Other studies have demonstrated that serotonin activation can 

enhance LTP (Kojic et al., 1997) (Mori et al., 2001).  The impact of serotonin on LTP seems 

to be affected by age, cortical area, the types of serotonergic subtypes of receptors, and 

duration of serotonin receptor activation (Kojic et al., 1997) (Ohashi et al., 2002)  (Mori et 

al., 2001) (Ryan et al., 2009)  (Bhagya et al., 2011). Moreover, data on serotonin and LTD 

is still controversial and seem to be dependent upon the stimulation of different receptors.  

It was shown that 5-hydroxytryptamine (5-HT) 4-receptor activation converts LTD into LTP 

in hippocampal slice preparations (Kemp & Manahan-Vaughan, 2005). A similar pattern of 

modulation has been demonstrated in humans using tDCS. Translational studies in humans 

showed that the administration of conventional antidepressants affected both cortical 

excitability (reduced ICF, enhanced SICI, changes in MEP amplitude and RMT) and 

plasticity (Ziemann, 2013).  A single dose of the SSRI citalopram enhanced and prolonged 



70 
 

LTP-like plasticity induced by anodal tDCS and converted cathodal tDCS-induced LTD-like 

plasticity into facilitation in healthy subjects (Nitsche et al., 2009).  The administration of the 

NRI reboxetine reverted cathodal tDCS-induced LTD-like plasticity into facilitation in healthy 

subjects (Kuo et al., 2017). In this study, the administration of a single oral dose of HYP 

extract WS5570 reversed cathodal tDCS-induced LTD-like plasticity into facilitation. The 

increased serotonin level in the synaptic cleft induced by HYP extract intake might have 

played a role in the reversal of the LTD-like plasticity through a possible activation of the 5-

HT4 receptor (Kemp & Manahan-Vaughan, 2005). It cannot be ruled out that noradrenergic 

activity contributed to the results.  Preclinical studies showed an enhancement effect of 

adrenaline on LTP and LTD, while noradrenaline blocked LTD (Ziemann et al., 2015). It can 

only be speculated regarding the possible mechanisms underlying these findings. For 

instance, several in vivo and in vitro studies indicated that HYP extract antidepressant 

activity is mainly related to its compound hyperforin that inhibits the neuronal uptake of 

serotonin, noradrenaline and dopamine from synaptic cleft (Schmidt & Butterweck, 2015). 

In addition, HYP extract increases cAMP response element binding protein (CREB) levels 

in rat hippocampus (Crupi et al., 2013), prevented the corticosterone-induced decrease in 

hippocampal cell proliferation (Crupi et al., 2011)  and normalized the reduction of mRNA 

expression of BDNF found in the hippocampus of stressed mice  (Patel et al., 2016). Taken 

together these findings indicated a SSRI-like activity of the HYP extract and a complex 

modulation of neuroplasticity. 

In study 2 it was planned to investigate whether a commonly used anxiolytic herb (VE) 

would modulate GABA-ergic neurotransmission in humans assessed by TMS 

neurophysiologic parameters. A large number of studies on herbal extracts with anxiolytic 

properties, including VE, demonstrated an effect on GABA neurotransmission acting mainly 

on GABA-AR binding and on the elevation of GABA-AR expression and GABA release in 
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vitro. For example, both the Noni fruit and the ginseng root display competitive binding to 

the GABA-AR in vitro. In vitro studies have shown that Kava, German chamomile, hops 

(Humulus lupulus) and Centella asiatica increase GABA levels in rat brains (Weeks, 2009).  

The main aim of the study was to demonstrate in humans the putative GABAergic activity of 

VE by using TMS measures of cortical excitability. GABA-ARs are generally pentameric 

postsynaptic receptors consisting of different subunits  (α1–6, β1–3, γ1–3, δ, ε, θ, π, ρ1– 3) 

surrounding a central chloride ion-selective channel gated by GABA. GABA-mediated 

chloride influx results in hyperpolarization of the postsynaptic neuron. Most GABA-ARs 

contain α, β, and γ subunits, including the most abundant α1β2γ2 receptor which makes up 

about 60% of all GABA-ARs in the brain. The subunit, particularly the α one, determines the 

receptor pharmacological characteristics. Thus, receptors that include α1, α2, α3, or α5 are 

modulated by benzodiazepines (Engin et al., 2018). 

GABA-ARs containing the β3 subunit have been identified as the major target which 

mediates the anxiolytic action of valerenic acid, that is considered the main active 

compound in VE. For instance, [3H]valerenic acid binding to brain membranes 

demonstrated that valerenic acid acts as an agonist. Moreover, judging by the ligand 

selectivity, the GABA-AR binding site of valerenic acid seemed to be different from the 

known conventional drug (benzodiazepines) modulatory sites of these receptors. Valerenic 

acid is a subunit-specific (β 3) allosteric modulator of GABA-Rs. Point mutations in the β 2 

and β 3 GABA-A receptor subunits inhibited the GABA potentiating effect of valerenic acid 

on recombinant receptors showing that these subunits have a role in the activity of 

valerenic acid (Benke et al., 2009). 

In this study VE intake affected motor cortex excitability inducing a reduction in the amount 

of ICF and a lack of activity on SICI. Previous pharmaco-TMS studies demonstrated that 

these two parameters are modulated by benzodiazepines. For example, positive 
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modulators of GABA-ARs containing α1-, α2-, α3- or α5-subunits increased SICI  

meanwhile zolpidem, a benzodiazepine-like hypnotic with largely specific positive 

modulation of the α1-GABA-AR had no effect on SICI. The GABA re-uptake inhibitor 

tiagabine and the GABA-BR agonist baclofen decreased SICI, supporting the notion that 

SICI is controlled by presynaptic GABA-BR mediated autoinhibition of inhibitory 

interneurons (Ziemann, 2004). In this study the lack of effect on SICI might be explained by 

the fact that VE targets neuronal circuits expressing GABA-ARs containing β3 subunit, 

while SICI represents inhibition manly mediated by α2- or α3-GABA-ARs. 

The main finding of the study was that a single dose of VE extract intake modulated cortical 

excitability decreasing ICF.  Previous pharmaco-TMS studies demonstrated that  NMDAR 

antagonists   dextromethorphan  (Ziemann et al., 1998), and riluzole (Schwenkreis et al., 

2000)  reduced ICF. Furthermore, the contribution of GABA-A inhibition to ICF is supported 

by the decrease in ICF induced by a single dose of lorazepam, zolpidem, and diazepam 

indicating that GABA-A agonists contribute to the net facilitation represented by ICF  

(Ziemann, 2004) (Ziemann et al., 2015).  It can only be speculated regarding the 

mechanism underling the modulation of ICF after VE intake. It is likely that VE intake might 

have changed the interplay between inhibitory GABAergic interneurons and excitatory 

glutamatergic interneurons with a net effect on excitation. Future studies are needed to 

address this issue.                                                                                                                        

In study 3, it was explored the modulatory effect on brain circuitries of RRE, an herb used 

for centuries as an adaptogen i.e. stress-response modifiers that increase an organism's 

nonspecific resistance to stress by increasing its ability to adapt and survive. Preclinical 

studies indicate that stress induces release of corticotropin-releasing hormone (CRH), 

adrenocorticotropic hormone (ACTH,) adrenal hormones and neuropeptide Y (NPY). 

Glucocorticoids receptors are inhibited by SAPK/JNK and consequently the feedback 

https://www-sciencedirect-com.eresources.mssm.edu/topics/neuroscience/hypnotic
https://www-sciencedirect-com.eresources.mssm.edu/topics/neuroscience/enzyme-inhibitor


73 
 

downregulation is blocked and cortisol content in blood remains high during stressful 

conditions. It has been demonstrated that RRE suppresses elevated levels of cortisol and 

other extracellular and intracellular mediators of stress response, such as elevated NO, 

SAPK and heat shock proteins Hsp70, which are known to inhibit SAPK. In cellular 

adaptation to stress, in the increasing of survival, in the enhancing of  longevity and  in the 

improvement of  cognitive function both NPY and Hsp70 are directly involved (Amsterdam 

& Panossian, 2016).                                                                                                      

Basic science studies demonstrated that stress induces detrimental effects on synaptic 

plasticity increasing LTD and decreasing LTP. Acute stress facilitates the induction of LTD 

in the hippocampal CA1 region of the adult rodent brain. The induction of hippocampal CA1 

homosynaptic LTD depends on NMDARs, which are heteromeric complexes of NR1 

subunits and at least one type of NR2 subunit (NR2A–D). The corticosterone release 

induced by stress causes the increase of glutamate concentrations in the synaptic cleft by 

increasing glutamate release  and/or decreasing glutamate transport in the hippocampus. 

The glutamate increase enables the induction of LTD through spillover activation of NR2B-

containing NMDARs that are extrasynaptically localized.The expression of LTD is facilitated 

by the endocytosis of postsynaptic AMPA-Rs. Recent evidence suggests that stress-

enabled LTD may result from hippocampal glucocorticoid receptor activation (Wong et al., 

2007).  Studies in healthy volunteers showed that changes in circulating levels of cortisol 

and high-stress level disrupt cortical plasticity, tested using NIBS (Sale et al., 2008) 

(Concerto et al., 2017). In line with this literature and consistently with our primary 

hypothesis, RRE intake prevented LTD-like plasticity and increased (non- significantly) 

LTP-like plasticity. Although the inhibition of cortisol might play a role, it is likely that our 

results might be due to an effect of RRE on neurotransmitters. For instance, preclinical 

evidence indicates that RRE inhibits MAO activity and the change in serotonin and 
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noradrenaline in the synaptic cleft might be of importance in explaining the effect of the 

herb on LTD-like plasticity. Thus, this data might be consistent with a serotoninergic and 

noradrenergic enhancement induced by RRE intake. It should be acknowledged that 

pharmaco-TMS studies are descriptive in nature. Thus, it is difficult to make inferences 

about causality when using a herbal extract that contains numerous active compounds.  

 

 
CONCLUSION 
 
Herbal medicine represents one of the most frequently used CAM approaches for the 

treatment of psychiatric conditions. The complexity of herbal products and the concerns 

regarding their effectiveness warranted the need to develop new approaches to investigate 

their pharmacological activity in humans.  These studies explored the relationship between 

herbal products commonly used in psychiatry and brain plasticity and excitability in humans. 

The results fill a gap in the literature as those are the first translational studies on this topic. 

Furthermore, CAM has been gradually accepted as a useful addition to conventional 

medicine and these results point towards a powerful modulation of brain circuitries that 

might be relevant to the understanding of their mechanism of action and their effectiveness.  
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