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a b s t r a c t

Ethnopharmacological relevance: Valeriana officinalis L. (valerian) root extract has been used as an
antiepileptic herbal medicine in Iran.
Aim of this study: In the present study the effect of valerian extracts on an experimental model of temporal
lobe epilepsy (TLE) was evaluated. Moreover, the involvement of adenosine system in the actions of
aqueous extract of valerian was evaluated.
Materials and methods: Bipolar stimulating and monopolar recording electrodes were implanted stereo-
taxically in the right basolateral amygdala of male Sprague–Dawley rats. After kindling, the effect
of aqueous (200, 500 and 800 mg/kg; intraperitoneal) and petroleum ether (PE; 50 and 100 mg/kg;
intraperitoneal) extracts of valerian and CPT (selective A1 receptor antagonist; 10 and 20 �M; intrac-
erebroventricular) on afterdischarge duration (ADD), duration of stage 5 seizure (S5D) and latency to the
onset of bilateral forelimb clonuses (S4L) were measured. The effect of CPT (10 �M) on the response of
aqueous extract of valerian (500 mg/kg) was also determined.

Results: The results showed that aqueous extract of valerian had anticonvulsant effect. However, PE
extract and CPT (20 �M) had proconvulsant effect. Administration of CPT (10 �M) before the administra-
tion of aqueous extract decreased the anticonvulsant effect of valerian.
Conclusions: The results showed significant anticonvulsant effect for aqueous but not PE extract of vale-
rian. Moreover, CPT as a selective adenosine A1 receptor antagonist decreased the anticonvulsant effect of
valerian aqueous extract. Therefore, we concluded that part of anticonvulsant effect of valerian probably

ation
is mediated through activ

. Introduction

Valerian (Valeriana officinalis L., Valerianaceae) extracts have
een used extensively for the treatment of insomnia world-
ide. Considerable evidences exist for anxiolytic and sedative

ffects of valerian both in humans and animals (Houghton, 1999).
urthermore, valerian root has been used as a rather popular anti-
onvulsant remedy in Europe and Iran in the past centuries (Gorji
nd Khaleghi Ghadiri, 2001; Eadie, 2004). The anticonvulsive effects
f valerian have been evaluated in limited number of studies.
he ethanol extract of valerian has been reported to be effective
gainst picrotoxin but not pentylenetetrazole-induced convulsions
Hiller and Zetler, 1996). However, Petkov and Manolov (1975)

eported that valerian could antagonize convulsions induced by
entylenetetrazole and strychnine in mice.

Temporal lobe epilepsy (TLE) is the most common epileptic syn-
rome in adults, as well as the most difficult to manage (French

∗ Corresponding author. Tel.: +98 391 8220086; fax: +98 391 5225209.
E-mail address: erezvani@rums.ac.ir (M.E. Rezvani).

378-8741/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2009.11.002
of adenosine system.
© 2009 Elsevier Ireland Ltd. All rights reserved.

et al., 1993). Kindling is one of the most commonly used animal
models of temporal lobe epilepsy which has been used for preclin-
ical evaluation of antiepileptic drugs (Sato et al., 1990). Kindling is
defined as progressive development of electrographic and motor
seizures after repeated daily stimulation of particular brain sites
(Goddard et al., 1969). The amygdala is an important structure in
the brain that is involved in the development of complex partial
seizures (Gonçalves Pereira et al., 2005).

Despite intensive research efforts, the pharmacological actions
accounting for the CNS suppressant effect of valerian remain
unclear. Although this effect is believed to be mediated mainly
through GABAergic system (Mennini et al., 1993), the involvement
of other mechanisms cannot be excluded. Some studies have shown
that serotonin (Dietz et al., 2005), melatonin (Abourashed et al.,
2004) or adenosine (Lacher et al., 2007) could be involved in the
valerian mediated sedation and anxiolysis. The interaction of vale-

rian extract with adenosine system has been the subject of some
recent studies. In these studies, the existence of compounds with
partial agonistic or inverse agonistic activity on A1 adenosine recep-
tors in different valerian extracts has been reported (Lacher et al.,
2007; Sichardt et al., 2007).

http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:erezvani@rums.ac.ir
dx.doi.org/10.1016/j.jep.2009.11.002
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of valerian was evaluated in the presence of ineffective dose of CPT
on convulsions. Two groups of fully kindled rats received saline
14 M.E. Rezvani et al. / Journal of Eth

Based on the above evidences, the present study was conducted
o assess the effects of aqueous (polar) and petroleum ether (PE,
on-polar) extracts of Valeriana officinalis in amygdala-kindled rats
nd to determine the possible involvement of adenosine system in
hose effects.

. Materials and methods

.1. Plant material

The raw material was collected from Babol, Mazandaran
rovince, Iran. After identification, a voucher specimen (RJ 32-527)
as deposited in the Department of Physiology of the Rafsanjan
niversity of Medical Sciences, Rafsanjan, Iran.

.2. Preparation of extracts

For preparation of petroleum ether extract (PE), 500 g of Valeri-
na officinalis roots were powdered and macerated with petroleum
ther (1.5 l) three times (3× 48 h). After extraction and filtration, the
olvent was removed using a rotary evaporator at 40–60 ◦C (yield
%). For preparation of aqueous extract, powdered roots (500 g)
ere added to 90 ◦C distillated water for 60 min. Then, the aque-

us extract was filtered and lyophilized and kept in sealed bottles
yield 14%).

.3. Animals

Male Sprague–Dawley rats from Razi institute (Iran), weighing
00–350 g at the time of surgery, were used in this study. Animals
ere housed four per cage, in a room with a 12:12 h light/dark cycle

lights on 07:00 h) and controlled temperature (23 ± 2 ◦C). Animals
ad access to food and water ad libitum and they were allowed
o adapt to the laboratory conditions for at least 1 week before
he surgery. All experiments were performed between 13:00 h and
5:00 h. Seven animals were used in each group of experiments. All
xperimental procedures were carried out in accordance with the
uidelines described by Olfert et al. (1993).

.4. Surgical and kindling procedure

Rats were anesthetized intraperitoneally (i.p.) with ketamine
ydrochloride (100 mg/kg) and xylazine (10 mg/kg) and placed

n a Stoelting stereotaxic instrument (Stoelting Inc., Wood Dale,
L). Bipolar stimulating and monopolar recording electrodes were
tereotaxically implanted in the basolateral amygdala of the right
emisphere (coordinates: AP, −2.5 mm; ML, 4.8 mm; DV, 7.5 mm)
ccording to Paxinos and Watson (1998). The electrodes (Teflon-
oated, 125 �m in diameter; A.M. System Inc., USA) were insulated
xcept at their tips. Two other electrodes were connected to the
kull screws and placed above the left cortical surface as earth and
ifferential electrodes. The pins attached to the electrodes were

nserted into a socket which was fixed on the skull. A 23-gauge
uide cannula was also implanted in the right lateral ventricle
coordinates: AP, −1.0 mm; ML, 1.2 mm; DV, 3.6 mm).

One week after the surgery, afterdischarge (AD) threshold was
etermined in the amygdala by 2-s, 60 Hz monophasic square wave
timulus of 1 ms per wave. Stimulation was provided by a Nihon
ohden stimulator and Nihon Kohden SS-202J constant-current
timulus isolation unit (Japan). The stimulations were initially
elivered at 10 �A and then at 5 min intervals increasing stimulus
ntensity in increments of 10 �A until at least 5 s of afterdischarges
as recorded as previously described (Alasvand Zarasvand et al.,

001). Then, animals were stimulated daily at AD threshold inten-
ity until 5 consecutive stage 5 seizures (fully kindled) according to
acine scales were elicited (Racine, 1972). After repeated kindling
rmacology 127 (2010) 313–318

stimulations, AD threshold was decreased; thus, supra-threshold
stimuli were used to achieve a fully kindled state. In the kindled
animals, the recorded parameters were the following: (1) after-
discharge duration (ADD) that was measured from the start of
stimulation to the end of afterdischarges; (2) latency to the onset
of bilateral forelimb clonuses (S4L) which was measured from the
start of the stimulation until the beginning of stage 4 seizure; (3)
duration of stage 5 (S5D) that was measured from the start of stage
5 until the end of this stage.

2.5. Drug administration

Lyophilized powder dissolved in sterile saline and evaporated PE
extract dissolved in sterile saline using Tween 80. 8-Cyclopenthyl-
1,3-dimethylxanthine (CPT; RBI, USA) was used as a selective
adenosine A1 receptor antagonist in this experiment, and was
dissolved in artificial cerebrospinal fluid (aCSF). The solutions
were sterilized using microfilters (0.2 mm, Minisart, Sartorius, Ger-
many). CPT solution was infused (0.2 �l over 2 min) by means of
a microsyringe pump (Stoelting, Wood Dale, IL), via a 30-gauge
cannula, terminating 1 mm below the tip of the guide cannula, con-
nected by polyethylene tubing to a 10-�l Hamilton syringe. The
injector cannula was left in place for an additional 60 s to allow
diffusion of the solution.

2.6. Effect of aqueous extract of valerian in amygdala-kindled rats

Three groups of fully kindled rats received saline (1 ml/kg, i.p.)
and aCSF (0.2 �l/rat/2 min; i.c.v.). After 24 h, groups were treated
with different doses of aqueous extract of valerian (200, 500 and
800 mg/kg, i.p.) and aCSF (i.c.v.) and were stimulated. The doses of
valerian extract were selected according to the study of Hiller and
Zetler (1996) and Hattesohl et al. (2008). ADD, S5D and S4L were
measured 15, 30 and 90 min after injections as described in the
previous section.

2.7. Effect of PE extract of valerian in amygdala-kindled rats

Two groups of fully kindled rats received 1 ml/kg (i.p.) of vehicle
and aCSF (0.2 �l/rat/2 min; i.c.v.). After 24 h, groups were treated
with PE extract (50 and 100 mg/kg, i.p.) and aCSF (i.c.v.). The doses
were selected based on our pilot study. ADD, S5D and S4L were
measured 15, 30 and 90 min after injections.

2.8. Effect of CPT, selective A1 receptor antagonist, in
amygdala-kindled rats

Two groups of fully kindled rats received aCSF (0.2 �l/rat/2 min).
After 24 h, one group received 10 �M and the other group received
20 �M of CPT (0.2 �l/rat/2 min; i.c.v.). i.c.v. administration was done
due to the inability of CPT to cross blood–brain barrier. After admin-
istration of either aCSF or CPT, the results were recorded.

2.9. Effect of CPT on anticonvulsive effect of aqueous extract of
valerian in amygdala-kindled rats

In this experiment, the anticonvulsive effect of aqueous extract
(i.p.). After 24 h, one group received aCSF (i.c.v.) 5 min before i.p.
administration of aqueous extract of valerian (500 mg/kg). Other
group, received CPT (10 �M, i.c.v.) 5 min before i.p. administra-
tion of aqueous extract of valerian (500 mg/kg). The results were
recorded as described previously.
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Fig. 1. Effect of aqueous extract of valerian (V.O. Aq) at the doses of 200, 500 and
M.E. Rezvani et al. / Journal of Eth

.10. Histology

At the end of the experiments, rats were euthanized and their
rains were removed, sectioned and examined under microscope
or electrode and cannula positions or the presence of any tissue
amage such as lesions. In case of any abnormality, the data from
hat particular animal was not included in the results.

.11. Statistical analysis

Data were expressed as mean ± SEM. The comparison between
ifferent drug treatments in the same group of animals was made
sing one-way ANOVA followed by the Tukey’s test. Differences
ith p < 0.05 between experimental groups at each point were con-

idered statistically significant.

. Results

.1. Effect of aqueous extract of valerian in amygdala-kindled rats

The results showed that i.p. administration of aqueous extract
f valerian led to a significant decrease in ADD (p < 0.01) and S5D
p < 0.01) and a significant increase in S4L at the doses of 500 and
00 mg/kg (p < 0.01). These results showed an obvious anticonvul-
ive effect for aqueous extract of valerian. The results are presented
n Fig. 1.

.2. Effect of PE extract of valerian in amygdala-kindled rats

Fig. 2 shows the effects of PE extract of valerian on ADD, S5D and
4L respectively. The results showed that PE extract increased ADD,
5D (p < 0.05), however, S4L parameter did not change significantly.
ince 3 rats died after convulsive attacks at the dose of 100 mg/kg;
herefore, we did not employ higher doses than 100 mg/kg of PE
xtract. This implies that the PE extract increased convulsions in
he present study.

.3. Effect of CPT, selective A1 receptor antagonist, in
mygdala-kindled rats

Fig. 3 shows that i.c.v. administration of CPT at the dose of 10 �M
id not have any significant effect on ADD, S5D and S4L. However,
PT at the dose of 20 �M increased ADD (p < 0.05) and S5D (p < 0.05)
nd did not change S4L significantly. This finding is suggesting a
roconvulsant effect for CPT after i.c.v. administration. We selected
he non-significant dose of 10 �M for the next experiment.

.4. Effect of CPT on anticonvulsive effect of aqueous extract of
alerian in amygdala-kindled rats

Our results showed that ineffective dose of CPT on convulsive
arameters (10 �M) could significantly reverse the decrease in ADD
p < 0.01) and S5D (p < 0.01) following administration of aqueous
xtract of valerian. On the other hand, CPT could decrease the raise
f S4L parameter induced by administration of aqueous extract
f valerian (p < 0.01). This means that the anticonvulsant effect of
queous extract of valerian decreased after administration of an A1
eceptor antagonist. These results are presented in Fig. 4.

. Discussion and conclusions
Temporal lobe epilepsy or partial seizures have a high frequency
f 50% among patients with epilepsy. Current treatments of tem-
oral lobe epilepsy are drug treatment and surgical care. Evidences
ased on the treatment of this disease using herbal drugs do not
800 mg/kg on afterdischarge duration, stage 5 duration and step 4 latency after 15,
30 and 90 min of intraperitoneal injections in amygdala-kindled rats (n = 7). Values
are means ± SEM; *p < 0.05 and **p < 0.01 in compare with saline treated rats.

exist. Therefore, in the present study, the antiepileptic effect of
Valeriana officinalis in an animal model of temporal lobe epilepsy
have evaluated. The results showed that aqueous but not petroleum
ether extract of Valeriana officinalis had an obvious anticonvul-
sant effect in amygdala-kindled rats. In this study, administration
of aqueous extract of valerian significantly reduced seizure activ-
ity. However, PE extract of valerian at lower doses compared to
the aqueous extract, not only did not decrease seizure activity
but also intensify it and 3 rats died after convulsive attacks at
the dose of 100 mg/kg. The doses of polar extract which were
used in this study are similar to the study of Hiller and Zetler
(1996) in which they evaluated the anticonvulsant effect of vale-
rian. However, these doses are much higher than the doses that
reduce anxiety in humans (600 mg/70 kg; Kennedy et al., 2006).
This implies that aqueous extract of valerian has a low potency to
control convulsions.

A few corresponding observations exist in the literature con-
cerning the effect of valerian on convulsive behaviors in both
animals and humans. In folkloric medicine, valerian has been rec-
ognized as an effective anticonvulsant medicinal herb (Gorji and

Khaleghi Ghadiri, 2001; Eadie, 2004). Furthermore, the study of
Hiller and Zetler (1996) showed that ethanol extract of vale-
rian could decrease convulsions caused by picrotoxin but not
pentylenetetrazole. However, another study showed that valerian
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Fig. 2. Effect of petroleum ether extract of valerian (V.O. PE) at the doses of 50 and
100 mg/kg on afterdischarge duration, stage 5 duration and step 4 latency after 15,
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Fig. 3. Effect of CPT (10 and 20 �M) on afterdischarge duration, stage 5 duration

0 and 90 min of intraperitoneal injections in amygdala-kindled rats (n = 7 for PE
0 mg/kg and n = 4 for PE 100 mg/kg). Values are means ± SEM; *p < 0.05 in compare
ith vehicle treated rats.

xtract may have anticonvulsant effects in mice following admin-
stration of either pentylenetetrazole or strychnine (Petkov and

anolov, 1975).
The mechanism(s) by which valerian causes CNS suppression

as been investigated in some studies. It has been reported that
ABA content of aqueous extracts of valerian is involved in the
isplacement of [3H] muscimol binding, a selective GABAA recep-
or agonist (Cavadas et al., 1995). However, GABA does not cross
lood–brain barrier (Rosenstein, 1996) and cannot account for the
resumed pharmacological effects of valerian extracts. Another
tudy indicated that both valepotriates and valerenic acid that
xist in Valeriana officinalis are capable of binding to GABA recep-
ors similar to benzodiazepines (Mennini et al., 1993; Benke et al.,
009). Though, valerian does not appear to act similar to benzodi-
zepines, while some side effects such as impaired mental function,
orning hangover and dependency have not been reported with

alerian (Pizzorno and Murray, 1999). In addition, valerian com-
ounds which do not bind to GABA receptors have also shown to

e sedative. Therefore, other studies proposed the involvement of
elatonin (Abourashed et al., 2004), serotonin (Dietz et al., 2005)

nd adenosine (Lacher et al., 2007) in pharmacological effects of
alerian.
and stage 4 latency after 15, 30 and 90 min of intracerebroventricular injections in
amygdala-kindled rats (n = 7). Values are means ± SEM; *p < 0.05 in compare with
aCSF treated rats.

Adenosine A1 receptors are mostly located presynaptically
(Rebola et al., 2003) and their activation reduces release of neu-
rotransmitters (Ambrósio et al., 1996). It has been reported that
endogenous adenosine through activation of A1 receptors has anti-
convulsant effects (Dragunow, 1988). Therefore, it sounds logical
that blockade of A1 receptors using CPT (20 �M) had proconvulsant
effects in this study. Our results also showed that administration
of CPT at an ineffective dose on convulsion-related parameters
could decrease the anticonvulsant effect of valerian. This finding
is suggesting the existence of adenosine ligand(s) in the valerian
aqueous extract and activation of A1 adenosine system is pos-
sibly involved in the anticonvulsant effect of aqueous extract of
valerian. A variety of natural products have been found to pos-
sess affinity to A1 adenosine receptors, and activation of these
receptors has been implicated in the actions of valerian extract.
For example, a hydroalcoholic extract of valerian was found to
bind to A1 adenosine receptors in a cortical membrane preparation

of the rat brain and competitively displaced the radiolabeled A1
ligand, [3H]-N6-cyclohexyladenosine, dose dependently (Balduini
and Cattabeni, 1989). Furthermore, it has been reported that a lig-
nan isolated from valerian root has partial agonist activity at A1
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Fig. 4. Effect of aqueous extract of valerian (V.O. Aq, 500 mg/kg) alone or in the
presence of CPT (10 �M) on afterdischarge duration, stage 5 duration and stage 4
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Gorji, A., Khaleghi Ghadiri, M., 2001. History of epilepsy in Medieval Iranian
atency after 15, 30 and 90 min of intracerebroventricular injections in amygdala-
indled rats (n = 7). Values are means ± SEM; *p < 0.05 and **p < 0.01 in compare with
alerian treated rats.

denosine receptors (Schumacher et al., 2002). The lignan 4′-O-
-d-glucosyl-9-O-(6′′-deoxysaccharosyl)olivil was isolated from a
olar (methanol) extract of the roots of Valeriana officinalis and
as found to be a potent partial agonist at rat and human adeno-

ine A1 receptors exhibiting A1 affinity in very low concentrations.
oreover, an interaction of caffeine and the fixed combination

f valerian and hops (Ze91019) was reported in a clinical study;
chellenberg et al. (2004) showed that fixed combination of vale-
ian and hops decreased or even inhibited the arousal induced by
affeine. Since, caffeine mediates its effects by a blockade of A1
nd A2A adenosine receptors in the brain, these finding may also
onfirm that valerian possibly activates central adenosine recep-
ors. The obvious difference between anticonvulsant effect of PE
nd aqueous extracts may be explained by the finding of Lacher et
l. (2007); they investigated valerian extracts of different polari-
ies for their affinities to adenosine A1 and A2A receptors. Polar as
ell as non-polar extracts were found to interact with adenosine

1 receptors. While polar extracts activated A1 receptors, non-polar
xtracts were antagonists or even inverse agonists at A1 receptors.
his important finding that was further confirmed by Sichardt et al.
2007) may explain the proconvulsant effect of PE extract of vale-
rmacology 127 (2010) 313–318 317

rian. Isovaltrate is the compound that has been found in lipophilic
extracts of valerian and is a full inverse agonist of A1 receptors
(Lacher et al., 2007). Thus, it could be suggested that isovaltrate
may induce stimulatory effects on the central nervous system by
blockade of tonically activated adenosine A1 receptors in the brain.

The effects of medicinal herbs in the treatment of temporal lobe
epilepsy have not been evaluated yet. For the first time, the present
findings showed that aqueous extract but not PE extract of vale-
rian had anticonvulsant effects in an animal model of temporal
lobe epilepsy. However, this effect was manifested at a relative
high dose. Using pharmacological tools, we showed that an A1
receptor antagonist could decrease the anticonvulsant effect of
aqueous extract of valerian. This means that this extract possibly
has anticonvulsive effect through activation of adenosine system.
This finding is in line with the previous reports regarding the exis-
tence of an interaction between different extracts of valerian and
adenosine system. More research such as binding studies is needed
to confirm these findings. Since, valerian is on the FDA’s Gener-
ally Recognized as Safe (GRAS) list (Kumar, 2006) and despite most
common antiepileptic drugs, valerian has no interaction with CYP
3A4, 1A2, 2D6 and 2E1 liver enzymes (Donovan et al., 2004; Gurley
et al., 2005), and it does not have myorelaxant activity (Hattesohl
et al., 2008), the aqueous extract of Valeriana officinalis may be sug-
gested as a good candidate for the treatment of complex partial
seizures without interactions with other drugs and with minimum
side effects.

References

Abourashed, E.A., Koetter, U., Brattström, A., 2004. In vitro binding experiments
with a Valerian, hops and their fixed combination extract (Ze91019) to selected
central nervous system receptors. Phytomedicine 11, 633–638.

Alasvand Zarasvand, M., Mirnajafi-Zadeh, J., Fathollahi, Y., Palizvan, M.R., 2001. Anti-
convulsant effect of bilateral injection of N6-cyclohexyladenosine into the CA1
region of the hippocampus in amygdala-kindled rats. Epilepsy Research 47,
141–149.

Ambrósio, A.F., Malva, J.O., Carvalho, A.P., Carvalho, C.M., 1996. Modulation of Ca2+

channels by activation of adenosine A1 receptors in rat striatal glutamatergic
nerve terminals. Neuroscience Letters 220, 163–166.

Balduini, W., Cattabeni, F., 1989. Displacement of [3H]-N6-cyclohexyladenosine
binding to rat cortical membranes by an hydroalcoholic extract of Valeriana
officinalis. Medicinal Science Research 17, 639–640.

Benke, D., Barberis, A., Kopp, S., Altmann, K.H., Schubiger, M., Vogt, K.E., Rudolph, U.,
Möhler, H., 2009. GABA(A) receptors as in vivo substrate for the anxiolytic action
of valerenic acid, a major constituent of valerian root extracts. Neuropharma-
cology 56, 174–181.

Cavadas, C., Araújo, I., Cotrim, M.D., Amaral, T., Cunha, A.P., Macedo, T., Ribeiro, C.F.,
1995. In vitro study on the interaction of Valeriana officinalis L. extracts and
their amino acids on GABAA receptor in rat brain. Arzneimittel-Forschung 45,
753–755.

Dietz, B.M., Mahady, G.B., Pauli, G.F., Farnsworth, N.R., 2005. Valerian extract and
valerenic acid are partial agonists of the 5-HT5a receptor in vitro. Brain Research.
Molecular Brain Research 138, 191–197.

Donovan, J.L., DeVane, C.L., Chavin, K.D., Wang, J.S., Gibson, B.B., Gefroh, H.A.,
Markowitz, J.S., 2004. Multiple night-time doses of valerian (Valeriana offici-
nalis) had minimal effects on CYP3A4 activity and no effect on CYP2D6 activity
in healthy volunteers. Drug Metabolism and Disposition 32, 1333–1336.

Dragunow, M., 1988. Purinergic mechanisms in epilepsy. Progress in Neurobiology
31, 85–108.

Eadie, M.J., 2004. Could valerian have been the first anticonvulsant? Epilepsia 45,
1338–1343.

French, J.A., Williamson, P.D., Thadani, V.M., Darcey, T.M., Mattson, R.H., Spencer, S.S.,
Spencer, D.D., 1993. Characteristics of medial temporal lobe epilepsy: results of
history and physical examination. Annals of Neurology 34, 774–780.

Goddard, G.V., McIntyre, D.C., Leech, C.K., 1969. A permanent change in brain func-
tion resulting from daily electrical stimulation. Experimental Neurology 25,
295–330.
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