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The plant world represents an important source of potential therapeutic agents, but concomitant
administration of herbal and conventional medications may result in interactions with subsequent
beneficial or adverse effects. This study was designed to examine the analgesic effect of thyme tincture
and thyme syrup, two commonly used thyme formulations, and their interactions with codeine,
paracetamol, pentobarbital and diazepam in mice. The identification and quantification of thymol
and carvacrol were carried out by GC/MS and GC/FID. The analgesic activity was studied using a
hot plate method. Effects of thyme syrup on diazepam-induced motor coordination impairment in
rotarod test and on pentobarbital-induced sleeping time were also determined. Thymol (175.3 pg/
mL and 9.73 pg/mL) and carvacrol (10.54 pg/mL and 0.55 pg/mL) concentrations were measured in
tincture and syrup, respectively. Thyme syrup and tincture exhibited effective analgesic activity in
the hot plate pain model. Pretreatment with thyme formulations reduced analgesic activity of codeine,
and potentiated the analgesic activity of paracetamol. Co-administration of thyme formulations has
led to potentiation of diazepam and pentobarbital depressive central nervous system effects. Thyme
formulations interacted with tested conventional drugs, probably through interference with their
metabolic pathways and succeeding altered concentrations and pharmacological effects.
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INTRODUCTION

The lack of a potent analgesic drugs with less
severe side effects than the ones available prompted
many investigators to turn to the plant-derived extracts
and phytochemicals in search for the safe and effective
analgesics (Raskovi¢ et al, 2015a). Thyme (Thymus
vulgaris L., Lamiaceae), a perennial herb native in
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central and southern Europe, Africa and Asia, beyond
its common use as a food seasoning, has been used
in traditional medicine for a myriad of indications,
including laryngitis, tonsillitis, pertussis, bronchitis,
dyspepsia, chronic gastritis, asthma and diarrhea
(EMA, 2013; Ekor, 2013; Wachtel-Galor, Benzie, 2011).
Pharmacological effects of thyme are attributed to two
phenolic compounds, natural terpenoid thymol and
its phenol isomer carvacrol (Golparvar, Hadipanah,
2014), which exhibit anxiolytic, anticonvulsive, anti-
inflammatory, antioxidant and antimicrobial properties
(Bakkali et al., 2008; Chizzola et al., 2008; Guimaraes
et al., 2010; Melo et al., 2012; Melo et al., 2010; Vogt-
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Eisele et al., 2007). Studies examining thyme isolated
constituents also documented an analgesic potential, but
information is scant on the pain-relieving properties of
commercially available Thymus Vulgaris formulations.
This deserves attention, as different extracts of other
species of genus Thymus, Thymus broussonetii and
Thymus kotschyanus, exerted an antinociceptive activity
in various experimental pain models (Elhabazi et al,
2006, Nikoui et al., 2016).

However, a growing body of scientific literature
reported that thyme and its constituents may affect
activity of liver enzymes, which is known to be the
most common mean of interaction between herbal
and conventional drugs (Meng, Liu, 2014). Foster BC
et al., (2003) reported that an aqueous thyme extract
significantly inhibited in vitro several isoforms of
CYP 450, Sasaki et al., (2005) stated that a diet
containing thyme (up to 2%) as well as oral thymol
and carvacrol (200 mg/kg) given once a day over
7 days induced the activity of phase I and phase
II enzymes in the mouse liver up to 90% (Foster et
al., 2003; Sasaki et al., 2005). Recent in vitro study
which examined the effects of carvacrol on major UGT
isoforms demonstrated that carvacrol significantly
inhibited the activity of UGT1A9, with a negligible
influence on other UGT isoforms (Dong et al., 2012).
Another substance, 8-methoxycirsilineol, isolated
from Thymus saturoides, demonstrated an inhibitory
effect on CYP1A2 and CYP3A4 enzymes in-vitro.
This compound has also been isolated from Thymus
vulgaris (EMA, 2013; Brahmi et al., 2011).

It is well known that herbal drugs are generally
perceived as being completely safe (Ekor 2013), and
patients may therefore use them without hesitation
together with different conventional drugs. However,
potentially serious interactions may arise with
concomitant administration of thyme preparations
and different analgesic and neurotropic drugs,
due to potent pharmacological properties of these
phytochemicals (Fasinu et al., 2012). Taking all of
the above into account, this study was designed to
investigate and evaluate the antinociceptive effects
of two commonly used pharmaceutical formulations
containing thyme (Thymus vulgaris L.), tincture and
syrup, and determine their interactions with codeine,
paracetamol, as standard analgesic drugs, and
pentobarbital and diazepam, as potent central nervous
system depressors, in mice.
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MATERIAL AND METHODS
Chemicals and tested thyme formulations

Thyme pharmaceutical formulations used in
this study — tincture and syrup, were purchased from
the Institute for Studies on Medicinal Plants ‘Dr Josif
Panci¢’ (Belgrade, Serbia) in 2012. A voucher specimen
(Thymus vulgaris L. 1753 subsp. vulgaris No 2-1516,
det.: Goran Anackov) was verified and deposited in the
Herbarium of the Department of Biology and Ecology,
Faculty of Sciences, University of Novi Sad. The
tincture was made from the aerial parts of the plant,
Thymi herba, using ethanol 70% as extraction solvent
in a 1:5 ratio, the plant material was macerated at
room temperature for 24 hours with frequent agitation.
Thyme syrup was made of thyme tincture (15% w/w),
potassium bromide, simple syrup, methyl and propyl
p-hydroxybenzoate as preservers, and water. Chemicals
used in the experiments were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Qualitative and quantitative
analysis of thyme tincture

The identification and quantification of thymol
and carvacrol, as main chemical constituents of
thyme tincture and syrup, were carried out by gas
chromatography coupled with mass spectrometric
detection (GC/MS) and flame ionization detection
(GC/FID). GC/MS analysis was performed using an
Agilent 7890A GC system equipped with 5975C VL
MSD (Agilent Technologies, CA, USA). The capillary
column used in this study was DB-SMS (30 m x 0.25
mm, film thickness of 0.25 um; J&W Scientific, CA,
USA). The temperature program was set as follows:
initial temperature 50 °C held for 1 min, 5 °C per min to
100 °C, 9 °C per min to 200 °C held for 7.89 min, and the
total run time was 30 min. The flow rate of helium as a
carrier gas was 0.811851 mL/min. The MS system was
operated in electron ionization (EI) mode with selected
ion monitoring (SIM). The ion source temperature and
quadrupole temperature were set at 230 °C and 150 °C,
respectively. Identification of thymol and carvacrol
was performed by comparison of their retention times
and mass spectra with those of authentic standards and
with spectra in the NIST08.L, Flavor2.L and Wiley7n.1
libraries. GC/FID analysis was carried out using a
Hewlett Packard 6890 chromatograph equipped with
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flame ionization detector, auto sampler and a split/
splitless injection system. The column DB-5MS (60 m
% 0.32 mm, film thickness of 0.25 um; J&W Scientific,
CA, USA) and helium as a carrier gas with flow rate of
1.9 mL/min were used in this analysis. The injector and
detector temperatures were set at 250 °C and 300 °C,
respectively, and the column temperature program was
set as follows: initial temperature 60 °C held for 1 min,
10 °C per min to 265 °C held for 8.5 min, with the total
run time of 30 min. The concentrations of thymol and
carvacrol were determined using the calibration curves
prepared with standards of thymol and carvacrol, and
cumene as internal standard.

Animal experiments

The study was conducted on adult Swiss albino
mice of both sexes, weighing 25-30 g, obtained from
the Veterinary Institute Novi Sad, Serbia. The animals
were maintained under controlled room temperature
(23«1 °C), light and dark (12:12 h) conditions cycle with
free access to tap water and standard pellet diet. Animal
experiments were performed according to the European

Community guidelines (EEC Directive of 1986; 86/609/
EEC). Before conducting the experiment, ethical
clearance was obtained from the Ethics Committee of
the University of Novi Sad (Approval No. 01-53/7-1).

Hot plate test

To determine the effect of tested substances on hot-
plate induced nociceptive stimulus in mice, the animals
were randomly divided into 9 experimental groups, each
containing 6 individuals, and were treated as listed in
the Table I. Substances were administered with oral
gavage, through feeding tube, or as intraperitoneal
injection. The doses of thyme tincture and syrup used
in the experiment were adapted for the experimentation
on mice using FDA guidance (FDA, 2005) according
to the recommended human daily dose for a male with
standard weight of 70 kg (ESCOP, 2003). Experiments
were performed in a quite laboratory with an ambient
temperature of 22 + 1 °C. The thermal noxious stimulus
was induced in mice by placing them in a hot-plate
maintained at 52 + 1 °C. Before the experiments, the basal
reaction time response of all animals was measured.

TABLE I - Treatment protocols for control and treatment groups in the hot-plate test

Group (N=6) Pretreatment (7 days) Treatment (on the 7th day)*
ConS saline solution (10 mL/kg p.o.) saline solution (10 mL/kg i.p.)
Cod saline solution (10 mL/kg p.o.) codeine (30 mg/kg i.p.)
Par saline solution (10 mL/kg p.o.) paracetamol (60 mg/kg i.p.)
Tin thyme tincture (0.4 mL/kg p.o.) saline solution (10 mL/kg i.p.)
Syr thyme syrup (12.08 mL/kg p.o.) saline solution (10 mL/kg i.p.)
CodTin thyme tincture (0.4 mL/kg p.o.) codeine (30 mg/kg i.p.)
ParTin thyme tincture (0.4 mL/kg p.o.) paracetamol (60 mg/kg i.p.)
CodSyr thyme syrup (12.08 mL/kg p.o.) codeine (30 mg/kg i.p.)
ParSyr thyme syrup (12.08 mL/kg p.o.) paracetamol (60 mg/kg i.p.)

*30 minutes after the last dose of substance given in pretreatment; p.o. — per oral; i.p. — intraperitoneal
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Mice with baseline latency of more than 15 seconds were
excluded from the study. The time between placement
of the animal on the plate and shaking or licking of
the paws or jumping, was measured and defined as the
reaction time. A 45 sec cut off was used to prevent tissue
damage. The animals were subjected to the same test
procedure at 0, +5, +10, +15, +20, +30, +40, +50 and
+60 minutes after the administration of test and control
substances. The analgesic effect (AE) determined in
seconds was expressed as the percentage increase in
reaction time, calculated using the formula: AE (%) =
[(Rt —R0)/R0O] x100, where Rt = reaction time at time t,
and RO = reaction time at time zero (0 h) (Vogel 2008).

Induced sleeping time test

To test the effects of thyme formulations on
pentobarbital induced sleep, the animals were treated
with thyme tincture (0.4 mL/kg p.o.) or thyme syrup
(12.08 mL/kg p.o.) for 7 days (control group received
equivalent amount of saline), where the last dose
on the 7th day was applied 45 minutes before i.p.
administration of sodium pentobarbital (40 mg/kg).
Following pentobarbital administration, animals were
observed for onset of sleep. A mouse was considered to
be asleep if it was placed on its back and displayed a loss
of righting reflex for 5 min (Vogel, 2008). The latency of
the loss of the righting reflex after drug administration
(sleep induction time) and the time between the loss and
the recovery of the righting reflex, duration (sleeping
time) were determined for each animal.

Rotarod (Forced Motor Activity) test

To test the effect of thyme formulations on
diazepam-induced motor coordination impairment,
the animals were treated with thyme tincture (0.4 mL/
kg p.o.) or thyme syrup (12.08 mL/kg p.o.) for 7 days
(control group received equivalent amount of saline),
where the last dose on the 7th day was applied 2 hours
before i.p. administration of diazepam (3 mg/kg). Each
animal was placed on a fixed speed rotating rod (20
rpm) in a pretest session, and only those that were able
to maintain balance for 5 min, were included in the
experiment. During the experiment, time in which the
animals were able to maintain balance on the rotating
rod was noted before and 10, 20, 30, 40, 50 and 60 min
after diazepam administration.
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Statistical analysis

The statistical analysis was carried out using
ANOVA followed by Tukey’s post hoc test using SPSS
software, version (IBM SPSS, Chicago, IL, USA). In
all cases, differences were considered significant if
p < 0.05. All data are expressed as a mean =+ standard
deviation (SD).

RESULTS

Concentrations of thymol and
carvacrol in thyme preparations

Thymol and carvacrol, as the major phenolic active
compounds of thyme, were identified and quantified
in examined thyme formulations by GC/MS. Thymol
(175.3 pg/mL and 9.73 ug/mL) and carvacrol (10.54 ug/
mL and 0.55 pg/mL) concentrations were measured
in tincture and syrup, respectively. Monitor ions (m/z
values) used for quantification and confirmation GC/MS
and chromatograms are available in previous publication
(Raskovic et al., 2015b). Retention times were 15.819 and
16.002 minutes for thymol and carvacrol, respectively.

Hot plate test

In the present study, pretreatment with thyme
tincture and thyme syrup significantly delayed reaction
time of the mice to the hot plate induced thermal
stimulus compared to the saline treated group (Table
II, selected post-administration time-points, full table
available as supplement). The antinociception produced
by the tested compounds lasted up to 60 min after their
administration with the maximal effect between the 10th
and 50th minute. Analgesic effect of thyme preparations
was comparable to that of paracetamol, but significantly
lower than codeine analgesic effect, especially between
the 10th and 30th minute of the experiment. Influence
of thyme formulation on analgesic effect of paracetamol
and codeine, standard reference analgesic drugs, is
shown in Figures 1 and 2. As seen in Figure 1, the
analgesic effect of codeine was significantly lower after
pretreatment with thyme tincture and syrup, compared
to the mice treated with codeine alone. On the other
hand, pretreatment with thyme tincture potentiated
the analgesic effect of paracetamol in most of the post-
administration time points (Figure 2).
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TABLE II - Effects of the 7 day pretreatment with Thymus Vulgaris tincture and syrup on the results of the hot plate test in
mice. Data are presented as mean = S.E.M

Time (minutes)

Group (n = 6)
0 10 15 30 60

ConS 10.91£2.61 9.87+2.17 12.47+3.27 10.91+2.87 11.88+2.70
Tin 13.29+2.21 19.67+4.79" 20.41£4.66" 16.14+4.11" 18.23+7.04
Syr 11.48+1.51 13.90+3.31" 17.06+1.52 16.93+£5.26" 18.72+5.47
Cod 11.17+1.12 23.54+4.59" 25.164+2.99" 25.83+£5.73" 19.87£5.16
Par 10.07+1.93 13.02+3.36 15.85+3.82 14.77+4.76 15.42+4.99
TinPar 9.97+1.78 13.77+1.92° 14.5142.69 12.66+3.25 14.08+1.59
SyrPar 11.58+2.41 16.27+4.7" 15.93+£2.71 14.26+3.57 16.71+6.56
TynCod 12.5+£2.59 17.58+3.51 18.37+£6.13™ 15.99+£5.40™ 18.58+6.28
SyrCod 12.49+2.20 19.28+6.07 15.44+4.75" 17.53+2.81" 15.67+2.10

*- significantly different from ConsS.
**_ significantly different from Cod group.
***_significantly different from Par group

~Cod TinCod ~SyrCod ~ConS
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FIGURE 1 - Interactions between different Thyme formulations and codeine. Analgesic effect is expressed as a percentage of
prolongation of measured reaction time compared to control reaction time (Abbreviations - ConS: control group, Tin: thyme
tincture, Syr: thyme syrup, Cod: codeine, TinCod: thyme tincture and codeine, SyrCod: thyme syrup and codeine).
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FIGURE 2 - Interactions between different Thyme formulations and paracetamol. Analgesic effect is expressed as a percentage
of prolongation of measured reaction time compared to control reaction time (Abbreviations - ConS: control group, Tin: thyme
tincture, Syr: thyme syrup, Par: paracetamol, TinPar: thyme tincture and paracetamol, SyrPar: thyme syrup and paracetamol).

Forced motor activity test and pentobarbital
induced sleeping time test

The results of this study showed that thyme syrup
potentiated diazepam-induced motor coordination
impairment in mice (Table III). The difference was
statistically significant after 20 minutes (p=0.0049)

and 30 minutes (p=0.03) after the experiment started
between the syrup and control group. Both examined
thyme preparations had modulated pentobarbital’s
hypnotic effect, by shortening sleep induction and
prolonging the duration of pentobarbital-induced
sleeping time, but this difference was not statistically
significant (Table V).

TABLE Il - The influence of Thymus vulgaris syrup and tincture on motor coordination impairment in mice caused by diazepam
(values expressed as mean + SD). The mean time of balance maintenance is shown in seconds

Time after diazepam administration (seconds)

Group (n = 6)

0 10 20 30 40 50 60
ConDia 300 9.67+£6.02  105.33+34.89 258.83+73.42 300+0.00 300+0.00 300+0.00
TinDia 300 32.80+18.62 152.20+43.41 201.20+15.51 251+59.57 243.6+66.11  294.6+12.07
SyrDia 300 7.6742.13  45.83+25.96* 101.67+£35.13*% 170.834+23.13*  232.5+£35.53  290.83+22.45

*p < 0.05 compared with control group.
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TABLE IV - The effect of Thymus vulgaris syrup and tincture on pentobarbital-induced sleeping time (mean + SD)

Group (n = 6) Sleep induction time [min] Sleeping time [min]

ConS 4.83+1.56 71£23.33

PentTin 3.50+0.83 76.17+£21.22

PentSyr 3.67+0.82 83.33+26.21
DISCUSSION al., 2009). Other species of the genus Thymus also

In our study, the concentrations of the major
components of the thyme, thymol and carvacrol, in
studied formulations were determined and thymol
was found to be predominant. The concentration of
thymol in thyme syrup was approximately 17 times
higher, while in thyme tincture it was 16 times higher,
in comparison to carvacrol. A large amount of data
concerning the chemical composition of thyme essential
oil are presented in the scientific literature (Ebrahimi
et al., 2008), as Thymus vulgaris is considered one of
the best examples of chemotypic variation with seven
different monoterpenes occurring in various ratios
(Thompson et al., 2004). Chemical composition of the
essential oil is dependent on a number of factors, such
as the environment, geographical region and cultivation.
Content of thymol and carvacrol in studied formulations
implies that the plant used in our study belongs to thymol
chemotype, which is in accordance with previous study
that identified chemical profile of essential oil from
Thymus vulgaris collected in Serbia as being of the same
chemotype (Nikoli¢ et al., 2014).

All investigated compounds exhibited analgesic
effects in mice as demonstrated by the hot plate model
of nociception. The 7-day treatment of both tested thyme
formulations produced an elevation of the nociceptive
threshold, measured by the increased latencies in the
hot plate test. The analgesic activities of thyme tincture
and syrup were comparable to that of paracetamol, and
significantly lower than codeine at most of the post-
administration time points. Analgesic activity of thyme
essential oil and its components was confirmed before
in different nociceptive experimental models. A dry
Thymus vulgaris extract exhibited a dose dependent
anti-nociceptive effect after intraperitoneal injection
in formalin, tail flick and hot plate tests (Taherian ef
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display analgesic effects. Different extracts of Thymus
broussonetii and Thymus kotschyanus exerted an
antinociceptive activity in various experimental pain
models (Elhabazi et al., 2006; Nikoui et al., 2016). There
is always a question which of the active components of
whole extract of a medicinal plant is responsible for
the observed pharmacological effect, and for Thymus
vulgaris, thymol and carvacrol have been identified as
the most important components. The mechanism of
pain modulation by these phytochemicals is complex.
Carvacrol modulates pain perception by affecting
TRPALI receptors, cation channels expressed in central
nervous system related to hyperalgesia (Xu et al., 2006),
inhibits formation of pro-inflammatory cytokine TNF-a
(Guimaraes et al., 2012), suppresses COX-2 expression
(Hotta et al., 2010) and inhibits prostaglandin synthesis
(Wagner et al., 1986). Its antioxidant activity can also
contribute significantly to controlling pain (Guimaraes
et al., 2012). Thymol is known to activate TRPV3
receptors and may partially block voltage-gated sodium
channels, which may be the molecular mechanism
responsible for its pain-relieving properties (Haeseler
et al., 2002; Xu et al., 2006). On the other hand, it has
been shown that thymol directly activates TRPA1 (Lee
et al., 2008), whose activation produces acute pain,
neurogenic inflammation and vigorous hypersensitivity
to thermal and mechanical stimuli (Bessac, Jordt, 2008).

Our study revealed that a pretreatment with thyme
syrup, and especially thyme tincture, affected analgesic
activity of paracetamol and codeine. At clinically relevant
doses, thyme formulations decreased the analgesic
effect of codeine and potentiated the analgesic effect of
paracetamol. These findings go in favor of inhibitory
effect of tested formulations on enzymes involved
in codeine and paracetamol metabolism. Codeine is
O-demethylated to morphine, the most active metabolite
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with 200-fold greater affinity for the opioid receptors,
by CYP2D6 (Smith 2009). Therefore, one possible
explanation for reduced analgesic potency of codeine in
mice pretreated with thyme syrup and tincture could be
the inhibition of CYP2D6 and subsequent lower levels
of active metabolites Raskovic et al., 2015a). Over 55%
of paracetamol is eliminated by glucuronidation, with
uridine 5’-diphospho (UDP)-glucuronosyltransferase
1A9 identified as the predominant isoform responsible
for its glucuronidation (Duan et al., 2001; Mutlib et
al., 2006). A minor fraction (5-10%) is metabolized
through a pathway involving cytochrome P450 enzymes
resulting in hepatotoxic metabolites (e.g. N-acetyl-p-
benzoquinoneimine). As mentioned before, a recent in
vitro study demonstrated that carvacrol significantly
inhibited the activity of UGT1A9 (Dong et al., 2012),
with a negligible influence on other UGT isoforms. Given
the fact that UGT1A9 is involved in the metabolism of
paracetamol, the inhibition of UGTI1A9 by carvacrol
may explain the increase in paracetamol analgesic
activity, but this may also potentiate paracetamol
hepatotoxicity (Kostrubsky et al., 2005). It is important
to emphasize that behavioral components that can
be measured in term of reaction times in the hot plate
test, namely, licking and jumping, are considered to be
supraspinally integrated responses (Le Bars et al., 2001).
A number of neurotransmitter systems may be involved
in the central analgesic activity of paracetamol (Pini et
al., 1996), but recently, new findings into paracetamol
mechanism of action identified TRPA1 receptor, an
ion channel primarily expressed in vertebrate sensory
neurons (Bessac, Jordt, 2008), as involved in paracetamol
analgesic effect (Andersson et al, 2011). As both
carvacrol and thymol affect the TRPAI, this may have
also contributed to the modification of paracetamol-
induced antinociception in the hot plate test.

The pretreatment with two thyme formulations
potentiated the motor coordination impairment induced
by diazepam in the rotarod test. It also decreased sleep
latency and prolonged pentobarbital-induced sleeping
time. This effect was more pronounced for the syrup
compared to tincture. Both diazepam and pentobarbital
demonstrate their effects through acute potentiation
of inhibitory GABAergic tone, even though they
possess different binding sites. It has been previously
demonstrated that different phytochemical compounds
in medicinal plants interact with GABAergic system
to induce xenobiotics hypnotic effect (Chu et al., 2007;
Nogueira, Vassilieff,2000). Carvacrol has beenidentified
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as a potent GABA B agonist and thymol is a positive
allosteric modulator of the GABA(A) receptor (Garcia
et al., 2006; Parker et al., 2014). In addition to possible
synergistic interaction, potentiation of pharmacological
properties of diazepam and pentobarbital may be the
consequence of pharmacokinetic interference, through
inhibition of their metabolic pathways. Pentobarbital
undergoes aliphatic hydroxylation by cytochrome
P450-dependent monooxygenases, probably CYP2B6
and CYP2D6 isoforms (Tsuji et al., 1996). Thus, this
prolongation of pentobarbital-induced sleeping time in
mice, indicates an inhibitory effect on enzymes involved
in pentobarbital metabolism (Raskovi¢ et al, 2014).
Diazepam is metabolized into active metabolites, which
then undergo glucuronidation to form glucuronide
conjugates, via CYP3A4-dependent hydroxylation and
demethylation (Riss et al, 2008). Inhibition of CYP
pathway in the liver would result in less active metabolites
and suppressed diazepam action, but inhibition of
CYP3A4 in the small intestine has been reported to
increase the bioavailability of diazepam (Ozdemir et
al., 1998). Also, inhibition of glucuronidation of active
diazepam metabolites by pretreatment with thyme
formulations could have resulted in prolonged and
enhanced diazepam action on GABA receptors.

CONCLUSIONS

Based on the results observed, it can be concluded
that both thyme syrup and tincture, and their active
ingredients thymol and carvacrol, exhibited effective
analgesic activity in the hot plate pain model. Thyme
formulations potentiated the analgesic activity of
paracetamol and decreased the analgesic activity of
codeine, significantly prolonged pentobarbital-induced
sleep behavior and potentiated diazepam-induced motor
coordination impairment in mice probably through
interference with their metabolic pathways.
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