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Abstract

The fixed valerian-hops extract combination Ze91019 is used as a sleep aid. Although its exact mechanism of action
is not well understood, earlier studies indicate that the CNS effect of valerian might occur through interaction with the
GABA, melatonin and/or the adenosine systems in the brain. The use of hops in sleep remedies, however, is mainly
based on traditional use and scarce scientific information. In this report, the binding of Ze91019, and the component
valerian and hops extracts within, was tested on 14 subtypes of five classes of central receptors (dopamine, serotonin,
melatonin, MCH and neuropeptide-Y). Binding affinities could be demonstrated at some of the screened melatonin
(ML1 and ML2) and serotonin (5-HT4e, 5-HT6 and 5-HT7) receptor subtypes.
r 2004 Published by Elsevier GmbH.
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Introduction

Valerian root (Valeriana officinalis L., Valerianaceae)
has been used for centuries as a calming and sleep
promoting herb (Graff et al., 1999). In this capacity, it
has been used alone or in combination with passion-
flower, lemon balm and hops as a natural sleep aid.
Ze91019 is a fixed combination of valerian and hops
used as a sleep aid in Europe and USA. The body of
scientific evidence supporting the use of valerian as a
calming sleep aid is relatively sizeable and is based on
phytochemical, pharmacological and clinical investiga-
e front matter r 2004 Published by Elsevier GmbH.
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tion (Valerianae Radix—Valerian Root, 1997). The
central action of hops (Humulus lupulus L., Cannabina-
ceae) is documented only in a few scientific articles
(Humulus lupulus Hops, 1998). In an animal study,
Bravo et al. demonstrated a tranquilizing effect in mice
(Bravo et al., 1974). Wohlfart et al. identified 2-methyl-
3-buten-2-ol as the active constituent responsible for the
sedative effect of hops in rats (Wohlfart et al., 1983).
Receptor studies for CNS sedative herbs are mainly

focused on the GABA receptors. Valerian extracts for
instance target the central GABA system via different
mechanisms [2] as well as the melatonin receptors
(Fauteck et al., 1996). However, the specific active
constituent(s) in the extract is yet to be discovered (Bos
et al., 1997). Recent receptor binding studies of Ze91019
indicated that the central adenosine A1 receptor may be
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one target for valerian whereby the extract acts as a
partial agonist (Müller et al., 2002).
In order to achieve a better understanding about the

pharmacological targets of Ze91019 and to further
investigate the role of each component towards its
effect, a number of central receptors were selected for
screening the binding affinity of the combination and its
component extracts (valerian and hops). The selected
receptor/receptor subtypes included (i) dopamine (D1,
D2, D3, D4, D5 and DA transporter), which is involved
in emotional stability and psychotic conditions (Grandy
et al., 1989; Sunhara et al., 1991); (ii) serotonin (5-HT4e,
5-HT6 and 5-HT7), for its role in cognitive performance,
depression and sleep disorders (Mialet et al., 2000; Shen
et al., 1993); (iii) melatonin (ML1 and ML2), which
modulates circadian rhythm (Pickering and Niles, 1990);
(iv) melanin-concentrating hormone (MCH), which is
linked also to sleep disorders, as well as in the stress
cascade (Chambers et al., 1999); and (v) neuropetide-Y
(NPY1 and NPY2) which is also involved in sleep
disorders, insomnia and memory processing (Fuhlen-
dorff et al., 1990; Munoz et al., 1995). For those
receptors at which the extracts exhibited marked
affinity, dose response curves were generated.
Table 1. Summary of the receptor-binding assays used to

screen VE, HE and Ze91019

Receptor Reference

compound

Reference

D1 SCH 23390 (Zhou et al., 1990)

D2 (+)butaclamol (Grandy et al., 1989)

D3 (+)butaclamol (Mackenzie et al., 1994)

D4.4 Clozapine (Van Tol et al., 1992)

D5 SCH 23390 (Sunhara et al., 1991)

DA transporter GBR12909 (Andersen, 1987)

5-HT4e Serotonin (Mialet et al., 2000)

5-HT6 Serotonin (Monsma et al., 1993)

5-HT7 Serotonin (Shen et al., 1993)

ML1
a Melatonin (Rivkees et al., 1989)

ML2 (MT3)
b Melatonin (Pickering and Niles 1990)

MCH MCH (Chambers et al., 1999)

NPY1 NPY (Munoz et al., 1995)

NPY2 NPY (Fuhlendorff et al., 1990)

aChicken brain.
bHamster brain.
Materials and methods

Extracts

Valerian dry extract (VE) was prepared from the dried
roots of V. officinalis L. (Valerianae rhizoma Ph.Eur.),
and hops dried extract (HE) was prepared from the dried
cones of H. lupuls L. (Humuli lupuli strobuli Ph.Eur.) by
maceration with methanol/water 45% (w/w) at ambient
temperature for 2 h with stirring. The extracts were
subsequently separated from the plant material by
decantation. After concentration under vacuum the
extracts were spray-dried with the addition of 25% of
maltodrextrin (Ph.Eur. quality) for valerian, and 30% for
hops, respectively, relative to the total dry mass. The
drug–extract ratio was 4–6:1 for the valerian extract and
5–7:1 for the hop extract. The valerian extract contained
0.388% of valerenic acids (0.173% of valerenic acid,
0.215% of acetovalerenic acid) as determined by HPLC-
DAD. The extract was free of valepotriates. These were
eliminated by the extraction process since 45% of
methanol is too hydrophilic to extract relevant amounts
of essential oils of valerian. The hops extract contained
0.479% of flavonoids calculated as rutin (spectrophoto-
metrically determined); it contained no hops bitter acids
due to the utilization of a hydrophilic solvent in the
extraction process. In contrast, the hydrophilic amino
acids as well as the lignans, were extracted completely
with 45% methanol/water. Ze91019 is a fixed combina-
tion consisting of 250mg of VE and 60mg of HE per
tablet. DMSO was used to dissolve the dry extracts for
utilization in the bioassays.
Binding assays

The assays were performed using the general proce-
dures shown in Table 1. The experimental conditions are
summarized in Table 2.
All receptors were human cloned, except for ML1 and

ML2, which were obtained from chicken and hamster
brain, respectively.
Following incubation, the membranes were rapidly

filtered under vacuum through glass fiber filters (GF/B,
Packard or Filtermat B, Wallac). The filters were then
washed several times with an ice-cold buffer using a cell
harvester (Packard or Tomtec). Bound radioactivity was
measured with a scintillation counter (Topcount, Pack-
ard or Betaplate, Wallac) using a liquid scintillation
cocktail (Microscint 0, Packard) or a solid scintillant
(MeltiLex B/HS, Wallac). The extracts were first tested
at 10 and 100 mg/ml. The active ones were further tested
in selected assays at five concentrations (10, 30, 100, 300
& 1000 mg/ml) to obtain competition curves and 50%
inhibitory concentrations (IC50). Each determination
was performed in duplicate. In each experiment, the
respective reference compound was tested at a minimum
of eight concentrations in duplicate to obtain a
competition curve in order to validate the experiment.
The specific radioligand binding to the receptors is

defined as the difference between total binding and
nonspecific binding determined in the presence of an
excess of unlabelled ligand. Results are expressed as a
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Table 2. General experimental conditions for the utilized binding assays on selected central nervous receptors

Receptor Ligand Conc. (nM) Non-specific Incubation

D1 [3H]SCH 23390 0.3 SCH 23390 (1 mM) 60min/22 1C

D2 [3H]spiperone 0.3 (+)butaclamol (10 mM) 60min/22 1C

D3 [3H]spiperone 0.3 (+)butaclamol (10 mM) 60min/22 1C

D4.4 [3H]spiperone 0.3 (+)butaclamol (10 mM) 60min/22 1C

D5 [3H]SCH 23390 0.3 SCH 23390 (10 mM) 60min/22 1C

DA transporter [3H]GBR12935 0.5 BTCP (10 mM) 120min/4 1C

5-HT4e [3H]GR 113808 0.2 Serotonin (100mM) 30min/37 1C

5-HT6 [3H]LSD 2.0 Serotonin (100mM) 60min/37 1C

5-HT7 [3H]LSD 4.0 Serotonin (10 mM) 120min/22 1C

ML1 [125I]iodomelatonin 0.025 Melatonin (1 mM) 60min/22 1C

ML2 [125I]iodomelatonin 0.1 Melatonin (30 mM) 30min/4 1C

MCH [125I][Phe13,Tyr19]-MCH 0.1 MCH (0.1 mM) 60min/22 1C

NPY1 [125I]peptide YY 0.05 NPY (1 mM) 60min/22 1C

NPY2 [125I]peptide YY 0.015 NPY (1 mM) 60min/37 1C

Table 3. Effects of the extracts of valerian (VE), hops (HE) and their combination (Ze91019) on the specific radioligand binding to

the screened central receptors

Receptors VE HE Ze91019

10mg/ml 100 mg/ml 10 mg/ml 100mg/ml 10mg/ml 100 mg/ml

D1 — — — 16 — 12

D2 — — — — — —

D3 — — — — — —

D4.4 — — — — — —

D5 — — — — — 12

DA transporter — — — — — —

5-HT4e — 31 — 20 — —

5-HT6 13 12 45 83 15 48

5-HT7 — 11 28 29 10 29

ML1 — — 12 61 15 51

ML2 — 56 79 60 51 107

MCH — — — — — —

NPY1 11 13 — + — —

NPY2 — — — + — —

The results are expressed as a percent inhibition of control specific binding (mean values; n ¼ 2).

(�) Indicates an inhibition of less than 10%.

(+) Indicates an increase in the retained radioactivity greater than 50%.
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percent of control specific binding and as a percent
inhibition of control specific binding obtained in the
presence of the tested extracts.
IC50 values (concentration causing a half-maximal

inhibition of control specific binding) and Hill coeffi-
cients (nH) were determined by non-linear regression
analysis of the competition curves. These parameters
were obtained by Hill equation curve fitting.
The IC50 values obtained for the reference compounds

are within accepted limits of historic averages ob-
tained70.5 log units.
Results

Of all the selected receptors, the tested extracts
showed considerable affinities towards the 5-HT4e, 5-
HT6, 5-HT7, ML1 and ML2. Thus, these receptors were
selected for the determination of IC50 of each sample.
Binding affinities and IC50 values for active samples are
summarized in Tables 3 and 4. It is to be noted that the
observed increase in retained radioactivity (450%
measured relative to the specific binding) with HE at
100 mg/ml in the NPY1 and NPY2 assays is likely to have
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Fig. 1. Competition curves of HE (’) and Ze91019 (m)

against [3H]LSD at the serotonin 5-HT6 receptor (n=2).

Table 4. IC50 values for the test extracts, VE, HE and Ze91019 in comparison to those of reference compounds

Receptors VE HE Ze91019 Reference compounds

IC50 (mg/ml) (nH) IC50 (mg/ml) (nH) IC50 (mg/ml) (nH) IC50 (nM) (nH)

5-HT4e 41000 — N.C.a — 41000 — Serotonin 418/205 (0.8)/(0.7)

5-HT6 N.T.b 21 (1.1) 180 (1.1) Serotonin 353 (1.1)

5-HT7 N.T. N.C. — 41000 — Serotonin 1.1/0.55 (1.0)/(0.9)

ML1 450 (1.4) 71 (1.1) 97 (0.9) Melatonin 0.17 (0.9)

ML2 74 (1.3) — — — — Melatonin 122 (0.6)

aNot calculated.
bNot tested.
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resulted from an artifact linked to the physicochemical
properties of the compounds rather than from an
interaction at the receptor level. Such effects are not
uncommon with high concentrations of compounds and
particularly natural extracts.
The hops component (HE) of Ze91019 had an IC50 of

21 mg/ml at the 5-HT6 receptor and the same affinity
could be detected in Ze91019, in which HE is diluted,
but at an IC50 of 180 mg/ml. This suggested that the
activity of Ze91019 at 5-HT6 may rather be attributed to
hops than to valerian which had low affinity in the initial
screening phase. (Fig. 1)
Although VE did not show initial affinity to the ML1

receptor it was included in the dose response assay based
on earlier indications of activity of other valerian
extracts (Fauteck et al., 1996). A dose response curve
of VE resulted in an IC50 of 450 mg/ml. The HE
component, however, had a much stronger affinity at
the same receptor with an IC50 of 71 mg/ml. Although
HE is the minor component of the combination, the
IC50 of Ze91019 was 97 mg/ml, suggesting a synergistic
interaction between VE and HE at the ML1 receptor.
(Fig. 2)
Reliable IC50 values at 5-HT4e and 5-HT7 could not

be obtained for any sample and at ML2 for HE and
Ze91019 because such values were beyond the concen-
tration range or because no curve could be fitted to the
data points.
Discussion

The receptors selected for screening were chosen
because they are involved in various mental functions
related to relaxation, stress, cognition, maintenance of
circadian rhythm and sleep. To the best of our knowl-
edge, this is the first report of hops interaction with the
5-HT6 and ML1 receptors. And, although Ze91019 is
generally regarded as a valerian-based product, the
current findings suggest that hops may play a marked
role in the combination. Such a role may be specific at
the 5-HT6 receptor or synergistic with the valerian
extract at the ML1 receptor.
The affinity of the valerian extract to ML1 and ML2

receptors is in line with an earlier report (Fauteck et al.,
1996). 5-HT6 antagonists are thought to improve
cognition (Mialet et al., 2000; Shen et al., 1993); while
melatonin, through binding to its receptor, is respon-
sible for maintaining the diurnal circadian rhythm in
vertebrates (Pickering and Niles, 1990). Ze91019 may
thus be a potential candidate for further investigation in
view of the reported findings.
The nature of the affinity (agonist/antagonist) of

Ze91019 to the respective receptors, however, is yet to be
determined. Furthermore, the in vitro activities for the
tested extracts need to be further substantiated in an in

vivo model where bioavailability is an essential para-
meter to be considered.
Identification of the active constituents of any herbal

product is of utmost importance for the full under-
standing of its pharmcotherapeutics, as well as for
establishing its overall quality. The current findings
provide a new direction towards identifying new
bioactive entities in hops and valerian through the
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Fig. 2. Competition curves of VE (’), HE (m) and Ze91019 (.) against [125I]iodomelatonin at the melatonin ML1 (A) and ML2 (B)

receptors (n ¼ 2).
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utilization of bioassay guided techniques at the target
receptors described in this work.
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