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Abstract 
Vertigo is a common symptom with impact on daily life. Vertigoheel® (VH-04) 
has demonstrated to be effective for Vertigo in former studies. This paper 
aims to investigate the mode of action of the medicinal product VH-04 in the 
rat brain. In an in vitro study neurophysiological recording from hippocam-
pal slices from adult male Sprague Dawley® rats was performed in order to 
substantiate a possible direct effect on the brain of VH-04 in different con-
centrations. In an in vivo cross-over study with 11 Fischer 344® rats, a neu-
rophysiological method was applied to systemically analyse VH-04’s activity 
in the rat brain. This method combines quantitative assessments of telemetr-
ically transmitted field potentials after drug treatment with subsequent dis-
criminant analysis to classify the compound. The database used for the analy-
sis of classification contained numerous chemicals and medicinal products of 
different dosages, all tested in the same paradigm, which is continuous wire-
less monitoring of the EEG of freely moving rats before and after drug intake. 
Following single stimuli on the Schaffer collaterals in the presence of VH-04 
in different concentrations, in vitro responses of pyramidal cells increased de-
pending on the VH-04 concentration (0.25 - 4 ml/L). Results were statistically 
significant for concentrations above 2.5 ml/L. Long-term potentiation was 
only marginally affected. Out of several specific glutamate receptor antagon-
ists the effect of VH-04 was only antagonized by AMPA and kainic acid recep-
tor-mediated signalling. Their enhancement indicates better information pro- 
cessing in the hippocampus, a brain structure primarily involved in memory 
processes. The in vivo characterisation of VH-04-induced changes in EEG- 
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signatures of four brain areas (the frontal cortex (FC), the hippocampus (HC), 
the striatum (ST) and the reticular formation (RF)) revealed a dose-dependent 
attenuation of delta, theta, alpha 2 and beta 1 waves. The subsequent discrimi-
nant function analysis classified the VH-04 EEG-signature into a subset of cog-
nition-enhancing medicinal products. 
 

Keywords 
EEG, Rat Model, Central Nervous System, Vertigo, VH-04, Neurophysiology, 
Hippocampus, Multitarget, Fast Fourier Transformation 

 

1. Introduction 

The terms vertigo, dizziness, and unsteadiness are used inconsistently by the 
public as well as professionals and there is a general demand for a more precise 
definition of vertigo in clinical practice as shown by Blakley et al. [1]. Anyhow, 
the lifetime prevalence for vertigo of 7.8% in the general population was esti-
mated with a significant rise with age as published by Neuhauser et al. [2]. Ver-
tigo is a symptom, and depending on its origin, vertigo is distinguished between 
vestibular and non-vestibular vertigo. Vestibular vertigo is distinguished between 
peripheral and central disorders. To the peripheral vestibular disorders belong 
vestibular neuritis, benign paroxysmal positional vertigo, Ménière’s disease and 
bilateral vestibulopathy. Non-vestibular vertigo has different etiologies such as 
metabolic disorders (diabetes mellitus), drug-induced dizziness, orthostatic dy-
sregulation, stroke affecting other cerebral areas and psychiatric disorders (an-
xiety, depression). Although a number of specific conditions are defined that 
can cause vertigo, the condition is often multifactorial mainly in, but not re-
stricted to the elderly [2] complicating the diagnosis and treatment of the symp-
tom. Therefore, the diagnostic and therapeutic approach must be multi-systemic 
and oriented to the visual, proprioceptive, and vestibular systems according to 
Fernández et al. [3]. 

Several studies have investigated the medicinal product VH-04. In a rando-
mized double-blind controlled clinical study Weiser et al. [4] compare the treat-
ment of vertigo to the treatment of betahistine. It could be demonstrated on 105 
patients in 15 study centers, receiving either VH-04 or betahistine hydrochlo-
ride, that both treatments reduced the frequency, duration, and intensity of ver-
tigo attacks during a six-week treatment period. Klopp et al. [5] conducted a 
non-randomised open label study with 32 patients, revealing that parameters of 
subcutaneous microcirculation as evidenced by arteriolar and venular erythro-
cyte flow rates, were increased via VH-04. In vitro studies demonstrated a dose- 
dependent vasorelaxation in isolated pre-contracted carotid artery rings by phe-
nylepinephrine. Data on vasorelaxation and microcirculatory improvements may 
indicate joint actions providing a first hint towards an antivertiginous effect of 
VH-04, but do not explain the combinatorial effects its multicomponent ingre-
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dients. Unraveling VH-04’s mode of action remains a challenge because it pos-
sesses a complex repertoire of chemicals that belong to a variety of substance 
classes, which is in contrast to defined single drug combinations. Therefore, ac-
tivity monitoring requires a reconsideration of the conventional methods. Ac-
cording to Wink [6], the pharmacological activity of multicomponent mixtures 
cannot be assigned to a single substance, and the contained phytochemicals typ-
ically act in an unspecific and widespread manner. It is the summation of activi-
ties that possibly leads to a potentiation of effects and promotes a prominent out-
come. Conversely, the fractionation or isolation of principal constituents from 
extracts has been shown to end up in a loss of previously detected activities ac-
cording to Keith et al. [7]. Numerous theories propose that the interplay and in-
terference of single components in a mixture is the rationale for the advanta-
geous effects of multicomponent medicinal products. The basic concepts of joint 
actions and interactions can be summarised as three core processes: addition, 
synergism and antagonism [8] [9] [10] [11] [12]. However, the response to sub-
stances in a highly interconnected biological system, such as the brain, is very 
complex and rarely linear. There are various factors that can influence the the-
rapeutic efficacy of a substance, such as the effective intracellular concentration 
of compounds at the target cell or organ (e.g. bioavailability, bioconversion, phar-
macokinetics), the chemical and physical microenvironment (e.g. polarity) at the 
interaction site, the type of molecular target (e.g. single or multiple molecules, 
cellular structures), and the general health of the target cells. Holistic activity 
monitoring of complex multicomponent medicinal products requires an imple-
mentation of new strategies that allow for an integrated overview of participating 
molecular processes. 

2. Material and Methods 
2.1. Material 

VH-04 (Vertigoheel®) is a multicomponent, multitarget medicinal product that 
has been established in the treatment of vertigo and dizziness of various origins 
for many years in numerous countries around the world. For injection (1.1 ml) it 
is a clear colourless, odourless solution with multiple components (Table 1). For 
human use it is injectable either intramuscular (i.m.), subcutaneous (s.c.), intra-
cutaneous (i.c.) or intravenous (i.v.). In this study 0.5% ethanol v/v was added to  

 
Table 1. Components, amount and dilution of VH-04. 

Component Amount Dilution 

Anamirta cocculus 7.7 mg Dil. D3 

Conium maculatum 1.1 mg Dil. D2 

Ambra grisea 1.1 mg Dil. D5 

Petroleum rectificatum 1.1 mg Dil. D7 

Further components: natrium chloride and water 
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the study medicinal product. Dosages of 0.5 ml, 1.0 ml or 2.0 ml per kg body 
weight (BW) of VH-04 were injected intraperitoneally (i.p.). The vehicle control 
received 0.9% natrium chloride (NaCl) in equal volumes using a separate vehicle 
control group for each dose level with n = 11 per group. 

An overview of glutamatergic receptor-specific chemicals is given in Table 2. 
All chemicals were bought from BioTrend Chemicals AG, Wangen/Zürich, Swit-
zerland. 

2.2. Animals and Trial Setting 

In vivo studies were performed on twenty-two eight-month-old Fisher 344® rats 
(Charles River Laboratories, Sulzfeld, Germany) which were kept in sterile fil-
ter-top cages on a reversed day/night cycle and provided with food and water Ad 
libidum. The implantation of bipolar concentric steel electrodes into the FC, the 
HC, the ST and the RF were achieved by screws drilled into the scull and fixated 
by red dental cement. Signals were wirelessly transmitted by a radio-telemetric 
system (TSE-Systems GmbH, Bad Homburg, Germany), using 40 megahertz 
(MHz) as a carrier frequency, and were amplified and processed to give the de-
sired power spectra of a 0.25 Hertz (Hz) resolution according to Dimpfel et al. 
[13]. The animals were granted a two-week recovery period before drug treat-
ment. The reversed day and night cycle was continued for the whole study. The 
study was performed during the four weeks after surgery. A time course is do-
cumented in Figure 1. After a forty-five-minute pre-drug baseline recording, 
single doses of VH-04 or vehicle control were administered as indicated (Figure 
2). After a five-minute recovery interval, EEG-signals were then recorded for 
one hour. Different doses of VH-04 were tested in a crossover design. A total of 
eleven animals were exposed to one dose of the medicinal product per experiment 
followed by a one-week drug-free interval. One animal from the highest dose 
group was excluded due to technical issues. Principles of laboratory (NeuroCode  

 
Table 2. Overview of glutamatergic receptor antagonists, their chemical names, their batch numbers and their synonyms. 

Synonym Chemical Name Batch Number Function 

CGS 19755 cis-4-[Phosphomethyl]-piperidine-2-carboxylic acid 1A/33087 NMDA Receptor Antagonist 

NBQX 2,3-Dioxo-6-nitro-1,2,3,4-tetrahydrobenzo[f]quinoxaline-7-sulfonamide 0608BN/02 AMPA Receptor Antagonist 

UBP301 
(αS)-α-Amino-3-[(4-carboxyphenyl)methyl]-3,4-dihydro- 

5-iodo-2,4-dioxo-1(2H)-pyrimidinepropanoic acid 
0532BN/01 Kainate Receptor Antagonist 

YM298198 
6-Amino-N-cyclohexyl-N,3-dimethylthiazolo[3,2-a]benzimidazole- 

2-carboxamide hydrochloride 
0553BN/01 Glutamate Group I Receptor Antagonist 

(RS)-APICA (RS)-1-Amino-5-phosphonoindan-1-carboxylic acid 0092BN/01 Glutamate Group II Receptor Antagonist 

MSOP (RS)-α-Methylserine-O-phosphate 0349BN/01 Glutamate Group III Receptor Antagonist 

SYM 2206 
4-(4-Aminophenyl)-1,2-dihydro-1-methyl-2-propylcarbamoyl- 

6,7-methylenedioxyphthalazine 
7A/34998 AMPA Receptor Antagonist 

GYKI 52466 
4-(8-Methyl-9H-1,3-dioxolo[4,5-h][2,3]benzodiazepin-5-yl)- 

benzenaminedihydrochloride 
1A/735052 AMPA Receptor Antagonist 
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Figure 1. Time course of experimental series. 

 

 
Figure 2. Details of administration. 

 
AG, Wetzlar, Germany) animal care were followed in all trials. All animal pro-
cedures were performed according to German Animal Health Guidelines. Ani-
mal experiments were approved by the government authority Regierungspräsi-
dium Giessen dated 25th Febr. 2010. 

2.3. Procedures 
2.3.1. Hippocampal Slices in Vitro 
HC slices were obtained from forty-two adult male Sprague Dawley® rats 
(Charles River Laboratories, Sulzfeld, Germany). The rats were kept under a re-
versed day/night cycle for two weeks prior to the experiments, in order to record 
in vitro activity in slices during the active phase of their circadian rhythm ac-
cording to Dimpfel et al. [14] and Dimpfel [15]. Animals were sacrificed, brains 
removed, and hippocampi isolated under micro-stereoscopic view. The midsec-
tion of the HC is fixed to the table of a vibrating microtome using a cyanoacrylate 
adhesive, submerged in chilled bicarbonate-buffered saline, and cut into slices of 
400 μ thickness. All slices are pre-incubated for at least one hour in Carbogen 
saturated artificial cerebrospinal fluid (ACSF; 124 mM NaCl, 5 mM KCl, 2 mM 
CaCl2, 2 mM MgSO4, 26 mM NaHCO3, 10 mM glucose; pH = 7.4) in a pre-chamber 
before use, according to Dimpfel [15]. The methodology has been described earlier 
by Dimpfel [16] in more detail. During the experiment, slices were held and treated 
in a special super-fusion chamber (List Electronics, Darmstadt, Germany) ac-
cording to Haas et al. [17] and kept at 35˚C as reported in the literature [18]. 
Four slices were used from one rat per day under one of the test conditions, ei-
ther control or different concentrations of the test preparation. After obtaining 
stable responses to singular stimulus (SS), long-term potentiation was induced 
by applying a theta burst stimulus (TBS) type pattern [19]. 

2.3.2. EEG Recording in Vivo 
Animals were day-night converted to allow recording during the active phase. 
EEG-recordings were performed at the same time of day to exclude circadian ef-
fects. During recording, rats were able to move freely but had no access to food 
in order to avoid artefacts caused by chewing. Signals were transmitted and 
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processed to give power spectra of a 0.25 Hz resolution as described earlier in 
Dimpfel [20]. Briefly, artefacts were automatically rejected and signals of 4 s 
units were collected and Fast Fourier transformed using a Hanning window, 512 
Hz sampling frequency. Four values were averaged to give a final sampling fre-
quency of 128 Hz. The resulting electrical power spectra were divided into six 
defined frequency ranges (Table 3). Spectra were averaged in three-minute in-
tervals during recording in order to supervise the data acquisition and in six-
ty-minute intervals during offline analysis for final evaluation. 

2.4. Discriminant Analysis 

The effects of VH-04 were further compared with those of reference drugs using 
twenty-four variables, six frequencies times four brain areas, by linear discrimi-
nant analysis according to Fischer as described previously in Dimpfel [21]. The 
results of the first three discriminant functions were projected into space, on X-, 
Y- and Z-axis, whereas the results from the next three discriminant functions are 
documented by means of an additive mixture of the colours red, green and blue 
(RGB). Previous work [20] [22] [23] revealed that synthetic medicinal products 
interacting with the special neurotransmitters (e.g. norepinephrine, dopamine, 
acetylcholine, etc.) show particular patterns of frequency changes. In addition, 
these frequency changes allowed an assignment to different indication classes 
(e.g. anxiolytics, anti-depressants, analgesics, etc.). The different actions of me-
dicinal products were analysed by evaluating all frequency changes in the four 
brain regions at the same time in a statistically significant manner. The results 
were represented in six dimensions. Projecting the VH-04 data into this six-di- 
mensional graph allowed the positioning of the study medicinal product within a 
selection of twelve indication-specific synthetic reference drugs (Table 4). This 
positioning is useful because it quantitatively describes the relational similarities 
and differences to all plotted medicinal products. 

2.5. Statistical Analysis 

Averages of EEG-signals in µV2 were expressed as percent of pre-drug baseline 
values, and data of all animals per group were summarised as mean ± standard  

 
Table 3. Brain wave names, their frequency ranges and colour coding. 

Brain Wave Name Frequency Range (in Hz) Colour Code 

Delta 0.80 - 4.50 Hz Red 

Theta 4.75 - 6.75 Hz Orange 

Alpha1 7.00 - 9.50 Hz Yellow 

Alpha2 9.75 - 12.50 Hz Green 

Beta1 12.75 - 18.50 Hz Turquoise 

Beta2 18.75 - 35.00 Hz Blue 
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Table 4. Listing of reference compounds used for discriminant analysis tested previously 
by the experimenter. Doses of drugs are given. Compounds are administered i.p. All 
drugs are analysed for 60 minutes after i.p. administration except for Phenytoin (65 to 
125 minutes). 

Substance Dose [mg/kg] 

Phenytoin 4.00 

Diazepam 0.50 

Tacrine 0.75 

L-Polamidon 1.00 

Ziprasidone 1.00 

Propofol 60.00 

Moclobemide 5.00 

Tramadol 5.00 

Haloperidol 0.50 

Caffeine 1.00 

Metanicotine 2.00 

Vertigoheel® (VH-04) 1.00 [ml/kg] 

 
error of the mean (SEM) during the first hour after administration. For the in 
vitro and in vivo experiments, significant differences between experimental me-
dicinal product and vehicle control were identified by Wilcoxon Mann-Whitney 
U-test with no adjustments for multiple comparison. p-values of less than 0.05 
were considered significant. 

3. Results 
3.1. Hippocampal Slices in Vitro 

Following electric single shock stimulation (SS) to the Schaffer collaterals, res-
ponses of the pyramidal cells increased concentration dependently in the pres-
ence of VH-04 (Figure 3). The population spike amplitude increased, reaching 
its peak at 2 ml/L of VH-04, amplitude increases from 1.07 to 1.73 mV. There 
are significant statistical differences between this increase rate and the control 
value without medicinal product (p < 0.01). The next higher dosage of 4 ml/L of 
VH-04 showed somewhat lower values and thus a trend towards a “bell-shaped” 
curve. Following electric theta burst stimulation (TBS) the presence of VH-04 
only led to a weak trend in increases of the population spike amplitude, from 
2.06 mV to 2.24 mV. 

In order to investigate particular targets of VH-04, several glutamate receptor 
antagonists were added to the superfusion medium of the HC slice (Figure 4). 
Appropriate dosages were determined via pilot studies. Effective concentrations 
of VH-04 were taken from the first series of experiments depicted in Figure 3, 
with 1 ml/L for VH-04. In order to test a possible interference of VH-04 with 
NMDA receptor activated signal changes, the glutamatergic neurotransmission  
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Figure 3. Concentration dependent effects of Vertigoheel (VH-04) on pyramidal cell ac-
tivity in terms of changes of population spike amplitudes after dilution of the commercial 
preparation as ml per liter (X-axis). Results from single slices as obtained after single sti-
muli (SS) or after theta burst stimuli (TBS). Data are given as mean ± S.E.M. of n = 6 slic-
es. Amplitude of the signal is given as voltage in mV (Y-axis). Lower curve represents 
changes after single shock stimulation, upper curve represents changes after theta burst 
stimulation. Statistical significance between the effects of control and VH-04 is marked as 
follows: ***p < 0.01 according to Wilcoxon, Mann and Whitney. 

 
was modulated by CGS 19755, a very potent and selective NMDA receptor anta-
gonist according to Bennett et al. [24]. In the presence of 250 nM CGS 19755 alone, 
only minor decreases of the signal amplitude could be measured (Figure 4). A 
concentration of 250 nM did not antagonize the amplitude increase in the pres-
ence of VH-04 after a SS (Figure 5). Thus, no interference with the NMDA recep-
tor-mediated signal transmission could be observed in the presence of VH-04. In 
order to test a possible interference of VH-04 with AMPA receptor-activated sig-
nal changes, glutamatergic neurotransmission was modulated by NBQX, a very 
potent and selective competitive AMPA receptor antagonist according to Gill et 
al. [25]. In the presence of 50 nM NBQX alone, no change in the signal ampli-
tude could be measured. However, a concentration of 50 nM blocked the signif-
icant enhancement of the population spike amplitude in the presence of VH-04 
after SS (Figure 5). Thus, for VH-04 a clear interference with the AMPA recep-
tor-mediated signal transmission was observed. To test a possible interference of 
both medicinal products with non-competitive AMPA glutamate receptor acti-
vated signal changes, glutamatergic neurotransmission was modulated by GYKI 
52466, a very potent and selective non-competitive AMPA receptor antagonist 
according to Szabados et al. [26]. In the presence of 500 nM GYKI 52466 alone, 
only very minor decreases of the signal amplitude were measured. A concentra-
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tion of 500 nM of GYKI 52466 did not antagonize the increased amplitude in the 
presence of VH-04 after SS (Figure 5). Thus, no antagonism with the non-com- 
petitive AMPA receptor mediated signal transmission was observed for VH-04 
after SS. In the presence of TBS, however, a slight, statistically insignificant in-
crease of the population spike amplitude was seen (Figure 5). Nearly identical 
results were obtained in the presence of SYM 2206 according to Pelletier et al. 
[27], another non-competitive AMPA receptor antagonist (Figure 5). In order 
to test a possible interference of VH-04 with kainate receptors—glutamatergic 
neurotransmission was modulated by UBP 30, a very potent and selective com-
petitive kainate receptor antagonist according to More et al. [28]. In the presence 
of 50 nM UBP 301 alone, no change in the signal amplitude could be measured 
(Figure 4). Nevertheless, a concentration of 50 nM antagonized completely the 
statistically significant enhancement of the population spike amplitude in the 
presence of VH-04 after SS (Figure 5). Thus, for VH-04 a clear interference with 
the kainate acid receptor mediated signal transmission was observed. To deter-
mine a possible interference of VH-04 with a class I metabotropic glutamate re-
ceptor glutamatergic neurotransmission was modulated by YM 298198, a very 
potent and selective metabotropic glutamate receptor I antagonist [29]. During 
superfusion with 50 nM YM 298198 alone, only a minor decrease of the signal 
amplitude after TBS could be measured (Figure 4). Amplitudes following SS were  

 

 
Figure 4. The effects of low concentrations of several glutamate receptor antagonists act-
ing on NMDA receptor, AMPA receptor, Kainate receptor and 3 metabotropic glutamate 
receptors (Glu I, II, III) in comparison to the effects of artificial cerebrospinal fluid (ACSF). 
Data for SS are represented by the lightly shadowed bars and data for TBS are represented 
by dark-grey bars. The range of control data is shaded horizontally. Statistical significance 
between the effects of control and various receptor antagonists is marked as follows: **p < 
0.05, ***p < 0.01 according to Wilcoxon, Mann and Whitney. 
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Figure 5. The effects of Vertigoheel VH-04 (1 ml/L) in the presence of 8 glutamate re-
ceptor antagonists. Data for SS are represented by the lightly shaded bars, data for TBS 
are represented by the dark-grey bars. The range of control data is shadowed horizontally. 
Statistical significance between the effects of VH-04 alone and in the presence of the recep-
tor active compound is marked: ***p < 0.01 according to Wilcoxon, Mann and Whitney. 

 
not changed in the presence of VH-04 plus the antagonist. However, during TBS 
a small increase of the amplitude was seen in the presence of VH-04 plus the an-
tagonist. A class II metabotropic glutamate receptor antagonist (RS)-APICA [30] 
at a concentration of 100 nM alone did not inhibit the signal amplitude (Figure 
4). The effect of VH-04 after SS was not influenced (Figure 5). A class III meta-
botropic glutamate receptor antagonist MSOP [31] at a concentration of 50 nM 
alone did not change the signal amplitude after SS or TBS. The effect of VH-04 
after SS was not changed by this compound (Figure 5). In summary, the effect of 
VH-04 was only antagonized by a competitive AMPA and a kainate receptor 
antagonist. 

3.2. EEG Recordings in Vivo 

The changes of electrical activity at several locations of the brain recorded in the 
presence of VH-04 in different dosages (the so-called electropharmacogram, EPG) 
were recorded continuously for one hour after drug administration following the 
forty-five minutes lasting baseline. Changes in spectral power within the four brain 
regions following physiological saline administration could hardly be detected, 
which is documented for the first hour after administration in Figure 6. Spectral 
frequency changes in the presence of the lowest dosage of VH-04 (0.5 ml/kg 
i.p.) were dominantly seen in the alpha 2 frequency in all brain areas, but did not 
reach statistical significance in comparison to saline injection (Figure 6). Doubling 
of the dosage (1.0 ml/kg BW) provided a more profound picture of spectral fre-
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quency changes. Alpha 2 frequencies were attenuated in all brain regions in a 
statistically significant manner. The strongest changes, however, were observed 
in the FC and HC. Here, all frequencies were attenuated in a significant manner 
except for alpha 1 and beta 2. Statistically significant attenuation of alpha 2 and 
beta 1 waves were also observed in the ST. An administration of the highest do-
sage of 2.0 ml/kg led to similar spectral frequency changes as observed for the 
lower dosage of 1 ml/kg. Highly significant attenuation of electrical power was 
seen in the FC, the HC and the ST with respect to delta, theta, alpha 2 and beta 1 
frequencies during the first hour after administration. A statistically significant 
attenuation of alpha 1 waves occurred in the HC and the RF only with the high-
est dosage (Figure 6). 

Similarities between the 1.0 ml/kg frequency change pattern exhibited by 
VH-04 and those of reference compounds, which had been tested earlier under 
identical conditions, were observed. Two medicinal products, Metanicotine, a 
stable nicotine-analogon acting at the cholinergic system, and Tacrine, an inhi-
bitor of acetylcholinesterase, turned out to produce very similar changes in the 
frequency content of field potentials. Furthermore, caffeine also induced a com-
parable frequency pattern, shown in Figure 7. 

A comparison between the complicated patterns of frequency changes was per-
formed using discriminant analysis. Twenty-four variables, and the patterns of 
12 clinically proven reference medicinal products, which had been tested earlier 
under similar conditions, were obtained from the data-base. The projection of 
the calculation results led to an obvious separation of the compounds’ action on  

 

 
Figure 6. EPG showing the dose-dependent effect of Vertigoheel (VH-04) with respect to 
four brain areas and six frequency ranges from delta (left) through theta, alpha 1, alpha 2, 
beta 1 to beta 2. The ordinate shows electrical power changes in percent of baseline val-
ues. Bars pointing downwards depict the attenuation of power. Asterisks depict following 
statistical significance: *p < 0.05; **p < 0.01 according to Wilcoxon, Mann and Whitney. 
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Figure 7. Comparison of the effects of Vertigoheel (VH-04) to frequency patterns evi-
denced by reference medicinal products in earlier trials using the identical methodology. 
Please note very similar frequency pattern of VH-04 to reference medicinal products. 
Common effects are seen with respect to alpha 2 and delta waves (labelled green and red). 
Asterisks depict following statistical significance: *p < 0.05; **p < 0.01 according to Wil-
coxon, Mann and Whitney. 

 
the brain based on changes in the frequency content of the EPG. The three spa-
tial coordinates were used for the first three discriminant functions and the re-
sults of the second three discriminant functions were depicted in the colours red, 
green and blue (so-called RGB mode). Thus, indication-specific activity changes 
can be visualised in a more interpretable manner by grouping the projection of 
reference compounds. Figure 8 documents this indication-specific grouping. These 
groupings correspond quite well to pharmacological textbook indications. Firstly, 
three-dimensional space evidences similarity or dissimilarity of drug action. Ad-
ditionally, equal or similar colours suggest similar mechanisms of action. The 
position and colour of reference compounds with known clinical indications are 
listed in Table 4. Medicinal products injected i.p. are analysed for their action 
during the next hour after administration. The preparation VH-04 is analysed 
during the time of 5 - 65 minutes after administration. VH-04 is represented by 
one dosage of 1.0 ml/kg and marked as “Vertigoheel” (VH-04). The EPG of VH-04 
is projected in close vicinity to the cognition-enhancing medicinal products Ta-
crine and Metanicotine. VH-04 is also projected near caffeine, as stimulating 
chemical. 

Concomitantly with the telemetric recording, motion of the freely moving rats 
was monitored. There were no obvious changes in motion in the presence of 
VH-04 compared to control of 0.9% NaCl. Table 5 depicts changes in motion  
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Figure 8. Discriminant analysis of EPG providing similar patterns of spectral frequency 
changes for similar clinical indications. Compounds having a similar effect appear in close 
vicinity to each other (see X-, Y- and Z-axis). Great similarity with respect to space and 
colour signals signalises a similar mechanism of action and similar clinical effects [13]. 

 
Table 5. Effects of VH-04 on motion of the rats. 

Motion 

Time 0.9% NaCl VH-04 VH-04 VH-04 

5 - 65 min 1.0 ml/kg 0.5 ml/kg 1.0 ml/kg 2.0 ml/kg 

mean ± SEM 148 ± 30 143 ± 20 134 ± 23 129 ± 12 

 
for the first hour after medicinal product administration. Mean average values 
are given in ± SEM. Statistical comparison to the results with control were de-
termined using the Wilcoxon, Mann and Whitney U-test. 

4. Discussion 

In this report, we demonstrate that VH-04 is able to alter the EEG-signature of 
rats, so it could be characterised as a CNS-active medication. We have chosen to 
go for a holistic method in order to analyse its mode of action systematically in 
vivo and in vitro. The i.p. injection of VH-04 dose-dependently attenuated delta, 
theta, alpha 2 and beta 1 waves in the HC, as well as in the FC. In the ST and RF, 
smaller changes in EEG-signals were observed, but they only reached statistical 
significance in the ST at 1 ml/kg and in the RF at the highest dosage of 2 ml/kg. 
The attenuation of alpha 2 waves in the HC and FC, could be interpreted as an 
activation of the dopaminergic system, because dopamine receptor agonists at-
tenuate alpha 2 waves and dopaminergic receptor antagonists increase alpha 2 
waves in this test-system [20]. The prefrontal cortex and the HC formation are 
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densely innervated by dopaminergic afferents, and learning and memory are 
strongly modulated by acetylcholine and dopamine activity. There is some evi-
dence that the norepinephrine-system affects the incorporation of memories, 
involving the modulation of synaptic plasticity [32]. Interestingly, both visual 
and vestibular stimulations have been shown to influence power and frequency 
of EEG delta, theta and alpha waves in several brain regions of humans [33]. As 
an outcome of the analysis, the discriminant analysis showed certain similarities 
in comparison to cognition enhancing cholinergic Metanicotine and Tacrine as 
evidenced by its positioning in Figure 8, particularly indicated by the close prox-
imity of VH-04 to the reference medicinal product [21]. Many allopathic drugs 
for vertigo include anticholinergic compounds impairing cognitive functions. 
However, this is highly speculative and needs to be examined in further studies. 
Hypothetical effects of VH-04 on cognition are justifiable concerning its effec-
tiveness in the treatment of vestibular vertigo [34], suggesting that information 
provided by the vestibular system directly affects the HC. Thus, if vestibular in-
put is impeded by bilateral vestibular dysfunction [35] or chronic bilateral ves-
tibular loss [36], spatial memory is impaired in humans. Moreover, vestibular 
loss results in HC atrophy [36]. If, on the contrary, the vestibular system is sti-
mulated by caloric irrigation or electrical stimulation of the inner ear, cognitive 
processes are expedited in humans and memory may be enhanced [37] [38]. 
Another factor is that VH-04 exerts vasorelaxant effects, presumably by regulat-
ing smooth muscle cell contraction or relaxation, and there is preliminary evi-
dence for a close relationship between resistance vessel function and neuropsy-
chological performance [39]. Hemispheric malperfusion and altered cerebral 
blood flow regulation are potentially related to cognitive impairment [40]. For 
VH-04 subcutaneous microcirculatory improvements caused by VH-04 were 
demonstrated [5]. Picrotoxin, a GABA antagonist and a secondary metabolite of 
Anamirta cocculus prevented cognitive impairments in a mouse model of Alz-
heimer’s disease, according to Yoshiike et al. [41]. Direct exposure of the HC in 
vitro to several concentrations of VH-04 led to significant increases of the popu-
lation spike amplitude after SS. Several specific glutamate receptor antagonists 
were tested to attenuate VH-04 induced increases of the population spike am-
plitudes. Only compounds interacting with the AMPA and the kainic acid re-
ceptor attenuated the effects of VH-04. Dingledine [42] postulates that here is 
ample evidence that the HC slice preparation in vitro provides an effective me-
thod for investigating the communication structure of the brain regarding neu-
rophysiological parameters. Of special interest are surrogate parameters, which 
reflect cognitive features. Two parameters dominate the analysis of HC function 
in vitro. The first one consists in the response to the stimulation of the Schaffer 
collaterals by SS, resulting in the excitation of pyramidal cells. The second one is 
the initiation of long-term potentiation after theta burst stimulation. Both para-
meters increase in the presence of memantine, an antidementive medicinal 
product for the treatment of Alzheimer’s disease, see Dimpfel [43]. VH-04 at ra-
ther low concentrations, dilution of 1:4000 of the original preparation, was able 
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to increase these responses. These data corroborate electrophysiological data ob-
tained during the course of in vivo experiments in the second part of the present 
investigation, where the obtained EPG in rats provides evidence for a stimulato-
ry action of VH-04 on several brain regions. Kainate receptors play a crucial role 
in the control of synaptic integration and spike transmission efficacy at the HC 
mossy fiber synapses and are highly implicated in spatial information processing 
[44]. According to Johnson et al. [45], an AMPA potentiating mechanism might 
be related also to neuroprotection. In regards to the field potentials and neuro-
transmission, Dimpfel [15] used more or less specific drugs with known influ-
ence on neurotransmission to examine a relationship between field potentials 
and neurotransmitter activity. Numerous antagonists and agonists of dopamine, 
norepinephrine, serotonin, glutamate and acetylcholine receptors led to repro-
ducible changes of the frequency content. This indicates that changes in these 
frequency ranges have a physiological meaning. However, interpretation of these 
frequency changes is limited, since the activity of several neurotransmitters can 
change simultaneously in response to a drug. Thus, it is often only possible to 
assign a dominant change within a particular frequency range to one specific 
neurotransmitter. 

5. Conclusion 

We conclude that VH-04 has a significant activity on the CNS and that it signif-
icantly affects alpha 2 waves in all brain areas. Preliminary observations revealed 
certain similarities of activity with cognition enhancing drugs, but further expe-
riments are required to support this concept. Preclinical studies are to further 
investigate the potential effects of VH-04 on memory and cognition, and if these 
effects can be verified, to further elucidate its mechanism of action. 
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