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ABSTRACT
The tuberous rhizomes of Cyperus esculentus L. have been
used as a food by hunter-gatherer and agricultural societies for
millennia. Varieties and selections of the plant are cultivated in
southern Europe, north Africa and west Africa. There is popular
food and beverage uses, and traditional medicinal uses suggest
that the “tubers” may have functional food potential.
The first standardized extract of Cyperus esculentus, Cyperol,
has been developed and commercialized. In order to character-
ize the central nervous system activity of this extract a series of
neurophysiological studies were undertaken in-vitro, in-vivo and
in a pilot clinical study.
The results of the studies indicate that Cyperol induces changes
in brain electrical activity (EEG), demonstrating that bioactive
compounds from the extract are absorbed, are bioavailable, and
that these compounds or their metabolites cross the blood brain
barrier. Taken overall, the results of the reported studies indicate
calming activity without sedation. This extract does indeed
have functional food potential and could be used to maintain
a calm state of mind while dealing with cognitively demanding
work. Preliminary indications suggest that the extract may have
anxiolytic potential which should be explored in future clinical
studies.
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INTRODUCTION

Cyperus esculentus L. is a perennial monocot
sedge with edible tuberous rhizomes belonging
to the Division Magnoliophyta, Class Liliopsida,
Order Cyperales and Family Cyperaceae. Cy-
perus esculentus var. esculentus is a variety
common as a weed among cultivated crops
worldwide, whereas Cyperus esculentus var. sa-
tivus is cultivated for the larger size of the edible
‘tubers’. Other varieties include Cyperus escu-
lentus var. hermannii (Florida), Cyperus escu-
lentus var. leptostachyus (USA), Cyperus escu-
lentus var. macrostachyus (USA), Cyperus es-
culentus var. sativus (Asia) (Maduka & Ire 2018).
Cultivars and selections of Cyperus esculentus
var. sativus are being cultivated, including a se-
lection used to produce acommercialised extract
known as Cyperol. Traditional African selections
can be found on local markets distinguished by
the yellow, brown or black colour of the tuberous
rhizomes.

C. esculentus (CE) is indigenous to the Mediter-
ranean of north Africa and southern Europe 1,
and has since spread to all the continents of the
world with the exception of Antarctica. The edi-
ble tuberous rhizomes are popularly called tu-
bers and the use of the word tubers throughout
this text refer to the CE tuberous rhizomes.

CE tubers are called tigernuts, earth almond,
chufa (Spanish), almond de terre, souchet co-
mestible (French), erdmandel (German), habb
el’-aziz, habb el-zala and felfel es-Sudan (Ara-
bic), indawo (Zulu), ofio (Yoruba), akiausa
(Igho).

The history of consumption of the tubers is very
ancient, dating back at least 6000 years 2. Tu-
bers of CE are one of the early cultivated crops
of Ancient Egypt, and were consumed as a
sweet made simply of ground tubers mixed with
honey. CE tubers have been found in tombs
from the 4th millennium BC to the 5th century
AD? | and they have also been depicted on mu-
rals in ancient Egyptian tombs, including the
mural in Theban tomb No. 100, 18™ Dynasty, *,
stored in large amounts.
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CE tubers have been used as a wild root vege-

etable in southern Africa®, and by Native Ameri-
cans in the United States ®’. To this day culti-
vated CE tubers are widely used as food, and
are commonly sold in local produce markets in
North Africa, and in West Africa, and are a com-
mon item in supermarkets in Spain. Minimally
processed CE tubers, including peeled, sliced
and milled into a flour, are popular in many coun-
tries as a whole food and for use in mueslis,
granolas, snacks and in baking. In Spain a pop-
ular traditional water extract of the tubers is sold
in restaurants and supermarkets as a beverage
known as horch- ata de chufa, which is typically
sweetened and flavoured with cinnamon.

Notwithstanding its common use as a food, tra-
ditional medicinal uses of CE tubers have also
been reported, including uses as a health tonic,
an aphrodisiac, for enhancing fertility, treating
colds, abdominal pain, colic, diarrhoea, and for
increasing lactation 2. CE tubers have been re-
ported to have contradictory uses, either as a
sedative or as a stimulant &, which may depend
on the selection or cultivar.

Pharmacologically active compounds that are bi-
oavailable exert their action in the organism by
interaction with molecular targets, including re-
ceptors, enzymes, channels, and transporters.
With respect to central nervous system activity,
modulation of neurotransmitter activity is a main
target of CNS active pharmaceuticals and botan-
icals. Changes in neurotransmitter activity in-
duce changes in the downstream signalling cas-
cade, which finally ends up with changes in ion
channel conductance. Since the electric activity
of single neurons depends on the set of momen-
tarily active ion channels, communication be-
tween neurons is governed by ion channel activ-
ity. Thus, drug-induced changes in local field po-
tentials reflect the changes in the underlying
neurotransmission of local neural networks.

Frequency analysis of quantitative electroen-
cephalograms (QEEG) in the presence of CNS-
active pharmaceuticals, botanicals or foods, can
be depicted as the so-called electropharma-
cogram, which has been widely used to
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characterize drug actions on rat ° and human
brains'® . Interpretation of the changes in activity
of spectral frequency bands can be made with
respect to the likely major underlying neuro-
transmitter activity responsible for these cha-
nges, and aims at advancing an understanding
of possible clinical applications of these sub-
stances in humans. For example, the relation-
ship between EEG delta waves and underlying
cholinergic neurotransmission was first recog-
nised in 2005, while theta waves are influ-
enced by agonists acting on the norepinephrine
alpha2 receptor 12 and dopaminergic activity is
associated with changes in alpha2 frequencies
13

A proprietary spray-dried standardized extract of
a special selection of C. esculentus var sativus
tubers, Cyperol, has been developed. In view of
the contradictory traditional uses as sedative or
stimulant, and anecdotal reports that Cyperol
has a calming activity, the present study was un-
dertaken in order to interrogate the CNS activity
of this extract using in vitro CNS screening and
frequency analysis of gEEG with a view to char-
acterize this activity for applications in functional
foods and supplements.

MATERIAL & METHODS
Materials

Cyperol is a commercialized standardized pro-
prietary extract of CE produced by Nektium
Pharma, Spain. Previous screening of separate
agqueous, ethanolic, ethyl acetate, and hexane
fractions from Nektium’s cultivated selections of
CE tubers, using in-vivo qEEG, had revealed
that each fraction displays a distinct pattern on
electropharmacograms, including distinct seda-
tive-hypnotic, calming, and stimulant signatures
(Study no: NeuroCode AG NCAG 38/15 TEEG
of 3@ March 2016). From the interpretation of
these results, a special cultivated CE tuber se-
lection was made for the production of extract
Cyperol with the expectation that this extract
should exhibit the desired calming activity, with-
out unwanted sedation.

In-vitro CNS screening. Radioligand blinding
assays

The activity of Cyperol at a concentration of
300ug/ml was tested by mean of radioligand
binding assays using specific radioligands ag-
ainst a panel of 70 human neuroreceptors, ion
channels binding sites and neurotransmitter
transporters: adenosine Al, A2A and A3 recep-
tor; a1 adrenoceptors (non-selective) and a2
adrenoceptors (non-selective); angiotensin AT1
and AT2 receptors; benzodiazepine (BZD) bind-
ing sites (central) and BZD peripheral binding
sites; bombesin Bl receptors (non-selective);
bradykinin B2 receptors; cannabinoid CB1 and
CB2 receptors; cholecystokinin CCKA (CCK1)
receptor and CCKB (CCK2) receptors; Cortico-
tropin-hormone releasing receptor Type 1
(CRF1); dopamine D1, D2S, D3 and D4.4 recep-
tors; endothelin ETA and ETB receptors; GABA
receptors (non-selective); AMPA receptor;
Kainate receptor; histamine H1, H2 and H3 re-
ceptor; Imidazoline 12 receptor; CysLT1 leukotri-
ene (LTD4) receptor; melanocortin MC4 recep-
tors; melatonin MT1 receptors; muscarinic choli-
noreceptors M; neurokinin NK1, NK2 and NK3
receptors; neuropeptide Y receptor; nicotinic N
neuronal a4B2 receptor; orexin ORL1 receptors
(NOP); NMDA receptors (phencyclidine PCP
binding site); PPARY receptor; Prostaglandin E2
receptor 2 (EP2); Estrogen receptor (ER); pros-
tacyclin (PGI2) IP receptor; ATP P2X and P2Y
receptors; Sigma receptor; progesterone recep-
tor (PR); Androgen receptor (AR); Thyrotropin-
Releasing Hormone Receptor Type 1 (TRH1);
vasopressin V2 receptor; glucocorticoid recep-
tors (GR); vasoactive intestinal peptide VIP1 re-
ceptors (VPAC1); vasopressin Vl1a receptors;
Voltage-gated K+ (KV) channel; Ca?* channel
(L, verapamil site or L. diltiazem site); ATP-sen-
sitive potassium (KATP) channel; small conduct-
ance calcium-activated potassium SKCa chan-
nel; Na+ channel (site 2); Cl-channel (GABA-
gated); norepinephrine tran- sporter; dopamine
transporter; GABA transporter; Choline trans-
porter (CHT1); 5-HT transporter; Serotonin
5HT1 receptor.

Experiments were performed in duplicate. The
specific ligand binding to the receptors was
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defined as the difference between the total bind-

ing and the nonspecific binding determined in
the presence of an excess of unlabeled ligand.
The results are expressed as a percent of inhibi-
tion of the binding of a radioactively labeled con-
trol ligand specific for each target obtained in the
presence or absence of the test material Cyperol
and were calculated from the formula [100-
((measured specific binding/control specific
binding) x 100)]. An inhibition or stimulation
higher than 70% is considered as a significant
effect of the test compounds.

Quantitative EEG in vivo

To characterize the pharmacodynamic action of
Cyperol, quantitative electroencephalography
(EEG) was recorded wirelessly from freely mov-
ing rats following the method of 4. A dose of
100 mg/kg was administered by gavage. Eight
Fischer rats were implanted with a set containing
4 bipolar concentric steel electrodes and a trans-
mitter that sent local field potentials wirelessly to
a computer for frequency analysis. Transmitted
data were processed by Fast Fourier Transfor-
mation (FFT) and spectral power documented
for 6 frequency ranges (delta, theta, alphal, al-
pha2, betal and beta2) within frontal cortex, hip-
pocampus, striatum and midbrain reticular for-
mation in hourly intervals. Twenty-four variables
(4 electrode positions x 6 frequency ranges)
were fed into a linear discriminant analysis. Re-
sults from linear discriminant analysis was doc-
umented by depicting the results from the first
three functions into space (x, y and z coordi-
nates), from the second three functions into
three colors (RGB mode as used in TV). CNS
active pharmaceuticals and botanicals typically
show a specific EEG “fingerprint” (the electro-
pharmacogram) and the spectral signature of
the test substance can be compared with those
of a pre-evaluated drug. A test substance with a
similar spectral signature to a pre-tested drug or
botanical can be expected to have similar CNS
activities. Statistic evaluation in comparison to
control is performed by a non-parametric Wil-
coxon test.

-, JHMR, 2019, 4:34

Long-term Potentiation in the hippocampus
slice preparation

The effect of Cyperol on Long-Term Potentiation
(LTP) in the hippocampus was investigated. The
characterization of the electrical activity in the
hippocampus-slice preparation has been re-
ported earlier'®> . The treatment doses were
10mg/L, 20mg/L, 40mg/L, 70mg/L and 100 ma/
L) of Cyperol. Measurements were performed at
10 min intervals to avoid potentiation mecha-
nisms. Four stimulations — each 20s apart —
were averaged for each time point. After obtain-
ing three stable responses to single stimuli (SS)
long term potentiation was induced by applying
a theta burst type pattern (TBS). The mean am-
plitude of three signals were averaged to give
the mean of absolute voltage values (Microvolt)
+ standard error of the mean for four slices rep-
resenting one of the experimental conditions.
Four slices were used from 1 rat per day. Four
slices were averaged to give one value. For sta-
tistical purposes the non-parametric Wilcoxon,
Mann and Whitney U-test was used.

Quantitative EEG. Pilot human clinical trial
Objective

The primary objective was to evaluate the psy-
chophysiological and cognitive effects of Cy-
perol extract versus placebo by aid of quantita-
tive EEG recordings in combination with psycho-
metric testing after administration of a single
dose in healthy adults. The secondary objective
was to evaluate tolerability and the response to
stressful situations.

Population

Sixteen healthy male and female subjects were
invited to participate. All participants were Ger-
man-speaking, mother tongue German or fluent
German as a second language. They were be-
tween 18 and 40 years old, right-handed and
with an unremarkable medical history. Consent
to participate in the study after education in writ-
ten and oral form (informed consent) was ob-
tained in writing.

The study was performed in accordance with the
current version of the declaration of Helsinki
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(52nd WMA General Assembly, Edinburgh,
Scotland, October 2000). The trial was con-
ducted in agreement with the International Con-
ference on Harmonization (ICH) guidelines on
Good Clinical Practice (GCP). The study gained
full approval from ethics committee.

Clinical trial

The effect of a single oral dose of 1000 mg of
Cyperol extract (5 capsules, each of 200 mg)
was compared with a placebo. A randomized,
double blind, placebo controlled cross-over de-
sign was used. Efficacy evaluation took place on
three different levels of evidence: filling out a
guestionnaire, performance of six psychometric
tasks and recording of quantitative EEG during
performance of the psychometric tasks. Sub-
jects were sitting alone in a quiet separate room
with dimmed light in a comfortable chair. Psy-
chometric tests were performed before and after
intake of the trial preparations. A total of 6 psy-
chometric tests were performed in the presence
of quantitative EEG recording: concentration d2-
test, memory test (ME), calculation performance

Training
Methodology

Clinical
Breakfast Examination Randomization

Y Y y

qEEG

Preparation for
EEG Recording

g | sl | =

Saliva
Test

B Rr-Test

I NST-Test

EO
B a2-Test

B CPT-Test

B Me-Test

¢+ Skin resistance measurement

1. Experimental
Performance
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test (CPT), reaction time test (RT), number se-

guence test (NST) and number connection test
(NCT).

The quantitative EEG was performed as previ-
ously described 6. The EEG was recorded from
17 different brain regions within the 6 defined fre-
guency ranges (delta, theta, alphal, alphaZ2,
betal and beta2). A baseline recording (first re-
cording) was made for 6 minutes under the con-
dition of eyes open (EO) in a relaxed state, fol-
lowed by the psychometric tests as show in Fig-
ure 1. EEG data were recorded twice: before
(baseline) and 90 min after the intake of the trial
preparation. Between the measurement sub-
jects spent their time in the facility’s recreation
room. All experiments took place at the same
time of the day (starting at 7 o’clock in the morn-
ing). Data were analyzed from 1.86 to 35 Hz us-
ing the CATEEM® software. Data recorded dur-
ing the relaxed state were fed into a linear discri-
minant analysis to be compared to reference
preparations.

Administration
of Capsule

qEEG
+ Skin resistance measurement

Subject in Lounge ‘

Saliva
Test

§1|n.|
Test

Saliva

2. Experimental
Performance
Test

NCT-Test

Fig. 1: Time line of the experimental day. Recording conditions: Eyes open (EO) and during different
cognitive tests: attention (d2-test), memory test (Me-Test), calculation performan- ce test CPT-Test,
reaction time test (RT-Test), number sequence test (NST-Test), number connection test (NCT-Test).

In order to be able to compare the activity of Cy-
perol extract with placebo, two regions of special
interest (ROI) were defined: the frontal cortex
(average from the electrode positions Fz, F7 and
Fs) and the association cortex (average from the

electrode positions Ps, P4, Ts and Ts). These two
brain areas have previously been shown to be
responsible for higher mental activity and to
have changed their EEG frequency content dur-
ing cognitive testing in previous experiments. By
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setting the absolute spectral power during base-

line recording to 100%, preparation induced
changes can be documented as % change from
this baseline. Thus, in the presence of placebo
no major changes should emerge.

The recorded data were fed into a linear discri-
minant analysis to be compared to reference
preparations. This mathematical tool is used to
differentiate the CNS activity of various prepara-
tions from each other. Thus, if the plotted projec-
tions of preparations cluster together in a 3-di-
mensional space, it is interpreted that they have
rather similar effects on the spectral power, in
general. In addition, if preparations are projected
with similar colour (an additional 3 dimensions),
this can indicate that they may have the same or

a similar pharmacological mechanism of action
17

The Profile of Mood States (POMS) question-
naire was filled out before intake of the trial prep-
aration and 90 minutes after intake. It is used to
assess transient, distinct mood states. The
guestionnaire contains 65 words/statements that
describe feelings people have. Scores are given
for Dejection (S1); Sullenness (S2); Fatigue (S3)
and Thirst for action (S4).

Statistics

EEG data from the first recording session before
intake of the capsules are calculated as absolute
numbers (UV?). For explorative statistical evalu-
ation the non-parametric Sign test was used. For
mathematical differentiation of the different men-
tal loads the linear discriminant analysis accord-
ing to Fischer was used. Results from the first
three discriminant functions were projected into
space (X, Y and Z coordinates), whereas results
from the fourth to sixth discriminant functions
were coded into red, green and blue color, re-
spectively, followed by an additive color mixture
(so-called RGB-mode). In order to document
statistically the different electric reactions of the
brain to various cognitive loads, data from each
challenge were documented as absolute spec-
tral power (uV2). Comparison of Cyperol versus
placebo was accomplished by evaluation of the
second recording of the day 90 minutes after

-, JHMR, 2019, 4:34

intake in comparison to the baseline values.
Data from the first recording (baseline) were set
to 100% and electrophysiological changes pro-
duced by placebo or the extract were depicted
as %-changes thereof.

Since this study was an exploratory study with a
small number of participants and EEG data are
not normally distributed, the non-parametric sign
test was chosen for comparison between pla-
cebo and Cyperol extract. Exploratory statistics
gave p values, which are presented at the appro-
priate site. A time line of the experimental day is
depicted in Figure 1.

Results

In-vitro CNS screening. Radioligand binding
assays

Cyperol was evaluated through vitro CNS
screening by radioligand binding assays to eval-
uate whether there was any selective pharma-
ceutical-like CNS activity. The threshold for a
selective “hit” on any target was defined to be
more than 70% displacement of radioligand
binding. None of the control agonist or antago-
nist ligands, was displaced more than 50% by
the extract at the high concentration of 300 pg/ml
(Figure 2). The lack of selectivity of Cyperol
against any of the tested pharmaceutical CNS
targets is consistent with its status as a func-
tional food.

In vitro Long-Term Potentiation (LTP)

To evaluate the effect of Cyperol on neuroplas-
ticity we used the hippocampus slice model in
vitro for testing Long-term Potentiation (LTP).
The study demonstrated that compared to the
saline control Cyperol led to increases of the
population spike amplitude during both single
shock stimulation (SS) as well as during theta
burst stimulation (TBS). (Figure 3). This result
can be related to potential improvements in spa-
tial and time dependent memory.

Quantitative evaluation of field potentials
(EEG) in vivo

The ability of Cyperol to alter brain electrical ac-
tivity in-vivo was studied using quantitative eval-
uation of field potentials. It was found that
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Cyperol administered by gavage at a dose of
100 mg/kg resulted in a statistically significant at-
tenuation of delta, theta, alphal, alpha2, betal
and beta2 power within the frontal cortex. These
changes lasted until the third hour after admin-
istration. During the first hour after administration
changes in the frontal cortex were more pro-
nounced than in the striatum, hippocampus and
reticular formation. During the second and third
hour all frequencies were attenuated in a highly

JHMR, 2019, 4:34
statistically significant manner in the frontal cor-

tex (Figure 4 A). This pattern of frequency
changes in the brain is rather similar to that
caused by administration of cannabidiol (CBD) a
natural non-psychoactive cannabinoid isolated
from hemp flowers (Cannabis sativa) and is pop-
ularly used to decrease the subjective experi-
ence of stress and anxiety (Figure 4 B). The
electropharmacogram for CBD is from a previ-
ous study.
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Fig. 2: Results shown as % change in control radioligand binding of Cyperol at a concentration of
300 pg/ml against classical CNS agonist or antagonist ligands.
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Fig. 3: Cyperol increases Long-Term Potentiation (LTP): The effect of control (saline) and Cyperol
(200 mg/L) on hippocampal pyramidal cell activity in terms of changes in population spike ampli-
tudes (represented as voltage on the vertical axis). The results are obtained after per- formance of
a single stimulus (10-80 mins) or after a burst of stimuli (90-120 mins). Data are given as the mean
+ SEM of n=12. Statistical analysis was performed using Mann-Whitney non-parametric test against
identical time periods from control data. *=p<0.01.

Fig. 5: Discriminant analysis of the electropharmacogram data from reference pharmaceuticals and
two botanical extracts administered to freely moving rats. Results from the first three discriminant
functions are depicted with the space coordinates x, y and z. Results from the next three discriminant
functions are depicted as RGB color mixture like in TV technology. CHU=Cyperol,
Gano=Ganoderma. For other abbreviations see Table 1

JHMR: https://escipub.com/journal-of-herbal-medicine-research/ 8



Wiebe JC. et al., JHMR, 2019, 4:34

spectral power Front. Hippo- . .
A [% of pre-drug pp Striatum Ret .
aseline] cortex campus Formation

140 —
120 —

5 - 65 min 1:(;: ]i_ll-.l‘:_l \-,JT . . : =

60 —

-

120 —
65-125min 100 -

L
L * L]
60 —

120 —

125-185min 100 4 & & i il iﬂﬁ#

EET |

Qthuuu* gyt

120 Ij
185-245min 100 - % TR 1
80 -
120
245-305min 100 % JHr'JL%—F'F
80 - D
pe10 IIIIIIIIIIIIIIIIIIIIIII
ety 60aapp O600wupp 66a0pp 66qapH8,
1 i -
B S[po /zcgaprf;%vrzrg Front. Hippo Striatum Ret.
baseline] cortex campus Formation
140 —
Cyperol 1207 s 1 .
100 mgkg 100 4 " W -
n=7 80 —
60 |
120 . .
CBD 100 - e - - — =
T g
8mgkg 80 _ WW!!LHHHJ -Il\THTILF'
n=8

A B
66aapp O06a0upp O06aqwupp ©O0aups

Fig. 4: Time dependent changes of spectral power in 4 brain regions. Electropharmacograms after
administration of Cyperol by oral gavage (A). Comparison between the electropharmacograms of
Cyperol and CBD (cannabidiol) (B). Data are presented as % of the baseline values recorded for 45
minutes before oral administration by gavage. Frequency ranges are given on the horizontal axis:
from left to right: d(red), 9 (orange), a1 (yellow), a2 (green), B1 (turquoise), B2 (blue). Statistical
analysis was performed using non-parametric test against identical time periods from vehicle data.
*=p<0.1; *=p<0.05 and ***=p<0.01.
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Fig. 6: Spectral frequency changes in % of the baseline after intake of Cyperol in the relaxed state
(eyes open) and during performance of six cognitive challenges. Data are documented as median
of all electrode positions (upper graph), for frontal cortex (middle graph) and associative cortex
(lower graph) both for placebo and for Cyperol. Red color: delta; orange: theta; yellow: alphal;
green: alpha2; turquoise: betal and blue: beta2 spectral power concentration. Cognitive tests: Con-
centration test (d2), memory test (ME), Calculation Performance Test (CPT), reaction time test
(RT), number sequence test (NST) and number connection test (NCT). Statistical significance (Sign-
Test) between Placebo and Cyperol is indicated by asterisk. *=p<0.11; **=p<0.08 and ***=p<0.02.

JHMR: https://escipub.com/journal-of-herbal-medicine-research/ 10



Wiebe JC. et al., JHMR, 2019, 4:34

A

Placebo

AC, OF; ASF3 O3C3 AP AP, AP4 ABCs AGF4 MAF7 AT A8Ts AR0; A902 AdTg MBT4 MFe

220%
e fmpm Lme fow D TP D | Fo ] e P e o, i

o mln
Cyperol

MC, x MF3 AM%C3 MPg AP, ABP4 ASC4 ASF 4 MF-; AT3 MTs A0; A02 MT. A8Tq MF.
0 mln

it bahiehelE

B Placebo

AC, MF, AGFa MCa AOPa AP, ABP4 AMCs MF4 ASF7 A48T MSTs A0; A0z MTg ART4 MdFg 2

20%
Ref.

ST || [ [ L T L [ | [ | T T

Cyperol

MC. MF. A3Fa ABCa AP ASP, ABP4 ABCs ABF4 OSF7 A3Ts ASTs AS0; A0z A8Tg AST4 AdFe 230%
é Ref.
Far i e
P P [ L L P R L [ [

Fig. 7: Overview on changes of the frequency content at all 17 brain regions (electrode positions)
for Placebo and Cyperol under the recording condition “CPT (calculation performa- nce test)” (A)
and Memory Test (B). Overview on spectral frequency changes in % of the baseline values (set to
100%) in the presence of all trial preparations. C=central, F=frontal, P=parietal, T=temporal, O=oc-
cipital. Red color: delta; orange: theta; yellow: alphal; green: alpha2; turquoise: betal and blue:
beta2 spectral power. Statistical significance (Sign-Test) between Placebo and Cyperol is indicated
by asterisk. *=p<0.11; **=p<0.08 and ***=p<0.02.
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Fig. 8: Overview of spectral frequency changes in % of the baseline values (set to 100%) during d2
(A) or CPT (B) test in the presence of placebo and Cyperol documented as brain maps. Spectral
power was translated into spectral colors followed by additive color mixture according to RGB pro-
cessing as used in TV. Spherical projection of the cortex hemispheres with frontal areas in the mid-

dle part of the image. Left hemisphere on the right side. Cognitive tests: Concentration test (d2) and
calculation performance test (CPT).

Pilot human randomized controlled trial “eyes open’” resting state and during psychomet-
Quantitative EEG ric challenges were compared in a small explor-

The changes in brain electrical activity (quanti- atory single dose human clinical trial.

tative EEG) produced by Cyperol during the
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The EEG results for placebo and Cyperol of the

‘eyes open” resting state and during perfor-
mance of cognitive challenges are shown graph-
ically in Figure 6.

Analysis of changes in spectral power changes
in the presence of Cyperol compared to placebo
showed marked increases in alphal spectral
power in the “eyes open” state for the average of
the recordings from all electrodes, for the frontal
cortex where the increase in alphal spectral
power reached statistical significance (p <0.02),
and in the association cortex, where the increase
in alphal did not reach statistical significance.
For the “eyes open state there was a trend of in-
crease of betal spectral power for the average
recorded for all electrodes (p<0.08), statistically
significant increase in betal power (p<0.02), and
an increase in the association cortex not reach-
ing statistical significance. For the “eyes open”
state there was a statistically significant increase
of beta2 spectral power for the average recorded
for all electrodes (p<0.02), and in the frontal cor-
tex there was a statistically significant increase
in beta2 spectral power (p<0.02), and an in-
crease in the association cortex not reaching
statistical significance. The statistically signifi-
cant increases of alphal and beta2 spectral
power in the frontal cortex during the resting
eyes open state indicate a calm state of mind.

Psychometric test

The results of the psychometric tests attention
d2-test, memory test (ME), calculation perfor-
mance test (CPT), reaction time test (RT), num-
ber sequence test (NST) and number connec-
tion test (NCT) are shown in Table 2.

There were no significant differences in compar-
ison to placebo during performance of any psy-
chometric test 90 min after ingestion of Cyperol.

However, during performance of several psy-
chometric tests, significant changes in spectral
power were seen in the presence of Cyperol. In
the most cognitively challenging of the tests, the
calculation performance test (CPT), a special
pattern of frequency changes emerged in the
presence of Cyperol consisting of large

-, JHMR, 2019, 4:34

statistically significant increases of delta spectral
power in frontal and posterior temporal electrode
positions (Figure 7), and in the frontal cortex
(p<0.02) and association cortex (p<0.02) (Figure
6).

During the memory test (ME) Cyperol induced
the strongest effects in the right parietal and pos-
terior temporal area (Figure 7).

During performance of the memory test and the
d2-test a conspicuous increase of theta power
and a significant increase of beta2 power
emerged indicating mental activation. During
performance of the CPT a significant attenuation
of beta2 power was seen (Fig. 6). Increases of
theta power were statistically significant under
all recording conditions except for the number
sequence test (NST) and number connection
test (NCT). Increases of beta power reached sta-
tistical significance during performance of cogni-
tive tests except for the CPT and the NCT test
(Fig. 6).

The frequency changes induced in the presence
of Cyperol are also reflected in brain maps (Fig.
8). Focal increases of alpha power (green) are
seen in the association cortex of both hemi-
spheres. Increases of beta power during perfor-
mance of the d2-test are represented by domi-
nance of blue color, mainly in the temporal lobe.
During performance of the CPT, massive delta
and theta increases lead to red-orange color in
frontal and temporal brain regions.

Profile of Mood States (POMS)

The Profile of Mood States questionnaire
(POMS) was used to evaluated any changes in
how participants felt during the study. Under the
experimental stress condition represented by
the psychometric tests, Cyperol tended to im-
prove (p=0.073) the sub-score “sullenness” of
the POMS at 90 minutes after intake in compar-
ison to the baseline values before intake (table
3). The scores for “dejection” and “fatigue” were
also lower after intake of Cyperol but did not
reach statistical significance. The score “thirst for
action” increased, however without reaching sta-
tistical significance.
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Tab. 1: List of abbreviations of the reference pharmaceuticals and botanicals tested in the same
in-vivo EEG model with their respective dosages (mg-kg-1) and times of EEG recording

Abbreviature Drugs or botanicals Doses Time EEG
Neuroleptic

RIS Risperidone 0.25 5-35 min
ZIP Ziprasidone 1.00 5-35 min
QUE Quetiapine 2.50 5-35 min
HAL Haloperidol 0.50 5-35 min
REM Remoxipride 10.00 5-35 min
CHL Chlorpromazine 0.50 5-35 min
PRE Prothipendyl 1.00 5-35 min
CLO Clozapine 3.00 5-35 min
THI Thioridazine 5.00 5-35 min
OLA Olanzapine 3.00 5-35 min
Anticonvulsants

VAL Valproic acid 75.00 95-125
PTO Phenytoin 4.00 95-125
CAR Carbamazepine 15.00 95-125
Hallucinogens

DIz Dizocilpine 0.25 5-35 min
LSD Lysergic acid diethylamine 0.05 5-35 min
DOM Dimethoxymethylamphetamine 0.20 5-35 min
Sedatives

MHT Methohexital 20.00 35-65 min
MEP Meprobamate 60.00 35-65 min
DIA Diazepam 0.50 35-65 min
MIA Midalozepan 0.05 35-65 min
PHE Phenobarbitone 60.0 35-65 min
Analgesics

ASS Acetylsalisylic acid 200.0 5-35 min
MET Metamizol 100.0 5-35 min
POL L-Polamidone 1.00 5-35 min
FEN Fentanyl 0.075 5-35 min
Stimulants

CAF Caffeine 1.00 5-35 min
FEF Fenfluramine 1.00 5-35 min
MNT metanicotine 1.00 5-35 min
AMP Amphetamine 0.20 5-35 min
Antidementia

TAC Tacrine 0.75 5-35 min
GAL Galantamine 1.00 5-35 min
DON Donepezil 1.50 5-35 min
DOP DOPA 2.50 5-35 min
Antidepressants

PAR Paroxetine 2.00 5-35 min
MEM Memantine 3.00 5-35 min
IMI Imipramine 10.00 5-35 min
MIA Mianserine 5.00 5-35 min
AMI Amitriptyline 10.00 5-35 min
FLU Fluvoxamine 40.00 5-35 min
NOM Nomifensine 1.00 5-35 min
GTE Green tea extract 75.00 5-65 min
THG Theogallin 20.00 5-65 min
THA L-Theanine 30.00 5-65 min
QUI Quinic acid 10.00 5-65 min
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Tab. 2: Psychometric performance during several tests and measurement of reaction time (RT

given in milliseconds) for Cyperol. ME=Memory Test, CPT= Calculation Performance Test, RT=
Reaction Time Test, NST= Number Sequence Test, NCT= Number Connection Test.

Cyperol Placebo

Tests Time Oh Time 1.5h Time Oh Timel.5h
D2-Test 16.26 + 3.92 17.52 + 3.66 16.09 + 3.29 17.24 + 3.36

CPT 3.82 + 3.47 4.67 £ 3.12 3.96 + 3.08 441 +2.89
Me-Test 8.59+231 9.91+1.49 8.87+1.64 9.37 £ 1.69
RT-Test 360.15 £ 45.02 342.79 £ 40.10 361.84 £ 52.51 371.27 £ 41.77

NST 9.93+4.22 16.62 +5.12 9.80+4.41 10.46 + 4.82

NCT 170.67 £55.31 184.92 + 39.67 172.79 + 48.65 192.31 + 45.50

Values are expressed as mean £ S.D. (n=60). Differences between Cyperol and placebo were evaluated by one-way

analysis of variance (ANOVA).

Tab. 3: Results from the questionnaire “Profile of Mood States” for Cyperol compared to placebo
before (baseline) and 1.5h after intake of Cyperol or placebo. The four mood states used for the
evaluation of the POMS questionnaire were: Sl1=Dejection, S2=Sullenness, S3=Fatigue,

S4=Thirst for action, SD=Standard deviation

Cyperol Placebo
Questionnaire Baseline (Oh) 1.5h after intake Baseline (Oh) 1.5h after intake
S1 0.63+0.83 0.31+£0.35 0.60 £ 1.05 0.29 + 0.57
S2 0.30+0.39 0.10 + 0.14* 0.50+0.91 0.20+0.43
S3 1.81+1.16 1.21+1.05 2.05+1.24 1.37 £0.99
S4 1.95+1.30 241 +1.06 2.54 +1.46 2.72+£1.39

Values are expressed as mean + S.D. (n=60). Differences were evaluated by one-way analysis of variance (ANOVA).

*=p<0.073 compared with placebo.

Discussion

The current experimental series has revealed
entirely new neurophysiological effects for the
extract Cyperol, which have not previously been
reported for Cyperus esculentus.

In-vitro screening of Cyperol against 70 CNS re-
ceptor, enzyme and transporter targets did not
reveal profound pharmaceutical-like binding ac-
tivity, consistent with the intended uses of the ex-
tract in functional foods, beverages and supple-
ments. In the hippocampal slice preparation,

Cyperol was able to enhance the excitability of
hippocampal pyramidal cells under both single-
stimulus and theta burst stimulation. This in-
creased LTP activity indicates the extract has
potential to enhance spatial and time-dependent
memory.

Quantitative EEG recorded wirelessly in-vivo
demonstrated that compared to the control, Cy-
perol administered by gavage resulted in statis-
tically significant attenuation of delta, theta, al-
phal, alpha2, betal and beta2 power within the
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frontal cortex which lasted up to three hours after
administration (Figure 4 A). This demonstrates
that bioactive compounds from the extract are
absorbed, and that these compounds and/or
their metabolites are able to cross the blood
brain barrier and modulate the electrical activity
of the frontal cortex. Referring to the increased
LTP in the hippocampal slice model, excitability
of hippocampal pyramidal cells is mediated by
the neurotransmitter glutamate. Since betal
waves on EEG are under the control of glutama-
tergic transmission 18 the significant attenuation
of betal waves by the extract in-vivo supports
the modulation of glutamatergic signaling as an
activity of the extract.

Figure 4B shows that the electropharmacogram
of Cyperol has a similar pattern of attenuation of
delta, theta, alphal, alpha2, betal and beta2
power within the frontal cortex to that of canna-
bidiol (CBD) a natural cannabinoid extracted
from hemp flowers (Cannabis sativa). This sug-
gests that while both may not have the same mo-
lecular mechanisms of action (there was no sig-
nificant binding activity on CB1 or CB2 receptors
in the in-vitro screen), both Cyperol and CBD
have similar net integrated effects on underlying
regional neurotransmitter activity, and likely sim-
ilar mental health and wellbeing applications.
Both human observational studies and in vivo
studies have demonstrated a broad range of
therapeutic effects for CBD including attenuating
anxiety and depressive-like behaviors, and CBD
may also decrease the intensity of symptoms
commonly associated with post-traumatic stress
disorder, including chronic anxiety in stressful
environments 1%, Cyperol can thus be anticipated
to be helpful for anxiety and stress, applications
which should be investigated in future controlled
clinical studies.

In the plot of the discriminant analysis (Figure 5)
it can be seen that the two botanical extracts
Ganoderma (Ganoderma lucidum) and Cyperol
plot immediately adjacent to each other in 3 di-
mensional space, and rather distinct from the
plots for pharmaceutical clusters. Since Gano-
derma is known to have anxiolytic activity 2° and
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antidepressant-like activity?!, Cyperol may have
anxiolytic and antidepressant potential too. At
the same time, Cyperol and Ganoderma are dis-
tinctly different from each other in the RBG col-
our plots which representing an additional 3 di-
mensions in the discriminant analysis, suggest-
ing they modulate brain electrical activity by dif-
ferent underlying molecular mechanisms of ac-
tion.

Cyperol induced clear changes in spectral power
in the frontal cortex of the brain during the resting
“‘eyes open” state with statistically significant in-
creases in alphal spectral power (p,0.02), betal
spectral power (p<0.02), and in beta2 spectral
power (p<0.02). These statistically significant in-
creases during the resting eyes open state sup-
port can be interpreted as indicative of a calm
yet attentive state of mind.

During the most stressful psychometric test, the
calculation performance test (CPT), Cyperol in-
duced a special pattern of frequency changes
consisting of large statistically significant in-
creases of delta spectral power in frontal and
posterior temporal electrode positions (Figure
7), in the frontal cortex (p<0.02) and in the asso-
ciation cortex (p<0.02) (Figure 6). The frequency
changes induced by Cyperol are also reflected
in computer-generated colour of brain maps
(Fig. 8). During performance of the CPT massive
delta and theta increases lead to red-orange
color in frontal and temporal brain regions indi-
cating mental activation, readily distinguished
from the colour changes induced by the placebo.
Thus, subjects taking Cyperol are clearly not se-
dated, and the brain activation during CPT sug-
gests that the can rise to the mental challenge of
a cognitively demanding psychometric test.

In this small exploratory human clinical study no
significant changes were seen in any of the psy-
chometric tests compared to the placebo.

In the Profile of Mood States (POMS) question-
naire, Cyperol improved (p=0.073) the sub-score
“sullenness” of the POMS at 90 minutes after in-
take in comparison to the baseline values before
intake. The scores for dejection and fatigue were
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also lower after intake of Cyperol but did not
reach statistical significance. The score thirst for
action increased, however without reaching sta-
tistical significance. These results from the
POMS questionnaire are very preliminary, from
a small sample size of healthy people subjected
to the stress of cognitive challenges. It will be in-
structive to look at the effect of acute and chronic
ingestion of Cyperol on stress, anxiety, and
mood in a larger study.

In conclusion, the series neurophysiological
studies on Cyperol reported here are to the best
of our knowledge the first to have explored the
CNS activity of an extract of Cyperus esculentus.
The results indicate that orally ingested Cyperol,
a polymolecular functional food, has distinct ef-
fects on brain electrical activity in-vivo, lasting up
to 3 hours after ingestion, as well as on brain
electrical activity of healthy humans, demon-
strating that bioactive compounds from the ex-
tract are absorbed, are bioavailable, and that
these bioavailable compounds, or their metabo-
lites, cross the blood brain barrier. In addition,
taking into consideration changes in the patterns
of brain electrical activity induced by Cyperol in-
vivo, the similarity of the in-vivo electropharma-
cograms for Cyperol and CBD (cannabidiol), the
close positioning of Cyperol with Ganoderma lu-
cidum on discriminant analysis of the in-vivo
EEG data, and interpreting human EEG studies
at rest and under a stressful cognitive challenge
(the CPT test), the activity of Cyperol can be
characterized as calming without sedation. Thus
Cyperol has the potential to support a calm state
of mind in stressed people of all ages, including
office workers and students, who need to feel
calm and attentive without feeling sedated. The
anxiolytic potential of the extract should be ex-
plored in future clinical studies.
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