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Abstract
Ethnopharmacological relevance—Nutmeg, the seeds of Myritica fragrans (family
Myristicaceae), is a well known kitchen spice with a long-standing reputation as a psychoactive herb.
Nutmeg at high doses is considered a cheap substitute to several drugs of abuse. Earlier reports have
attributed amphetamine-like activities to nutmeg.

Aim of the study—To characterize the neuropharmacological effects of different nutmeg extracts,
administered orally and intraperitoneally, in comparison to Δ9-terahydrocannabinol, amphetamine,
and morphine.

Materials and methods—Methanolic (ME), dichloromethane (DE), and hexane (HE) extracts
were obtained from a chromatographically fingerprinted batch of nutmeg. Biological evaluation was
conducted in sets of 6–8 mice in the tetrad assay at doses ranging from 100–500 and 500–1000 mg/
kg for i.p. and oral administration, respectively.

Results—While oral administration of all the nutmeg extracts at 500 mg/kg caused a significant
increase in locomotor activity, the i.p. administration of DE showed significant reduction in rectal
temperature along with a significant increase in tail flick latency at 300 mg/kg. A significant decrease
in core body temperature was observed with HE at 100 mg/kg, while higher doses caused significant
increases in hot plate latency.

Conclusion—Different behavioral effects were observed that varied by the type of extract as well
as by the route of administration.
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1. Introduction
Nutmeg is the dried seed kernel of Myristica fragrans Houtt (Family Myristicaceae). Nutmeg
contains volatile oils, fats, starch, and mucilage. The fixed oil contains trimyristin and myristic
acid, while the volatile oil is comprised of a mixture of terpenes and alkenylbenzene derivatives.
Myristicin, safrole, and elimicin constitute about 80% of the alkenylbenzene derivatives
(Janssen and Lackman, 1990; Evans, 1996). In addition to its common use as a kitchen spice,
in alternative medicine, nutmeg has been used as a stimulant, antidiarrheal, carminative,
stomachic, tonic, and as aphrodisiac (Evans, 1996; Nadkarni, 1998). Both in vitro and in
vivo studies have resulted in a wide array of pharmacological actions attributed to nutmeg
including analgesic (Sonavane et al., 2001), antifungal (Nadkarni, 1998), antimicrobial
(Takikawa et al., 2002), anti-inflammatory (Olajide et al., 1999), as well as hepatoprotective
(Morita et al., 2003) activities.

Nutmeg in sufficient dosage is reported to be psychoactive. The psychoactivity has been
described since the Middle Ages, with hallucinations, feelings of euphoria, unreality, and
delusions documented (Beck and Marty, 2001). Because of its euphoric and hallucinogenic
effects, nutmeg has been widely abused as a cheap substitute for narcotic drugs since the
12th century (Shafran, 1976; Quin et al., 1998; Sangalli and Chiang, 2000). Recently, several
cases of nutmeg ingestion have been reported, particularly in adolescents, all of which were in
attempt to achieve an euphoric state at low cost (Scholefield, 1995; Kelly et al., 2003;
Demetriades et al., 2005). In all cases, symptoms presented predominantly involved the central
nervous system. Despite its widespread use and reported psychoactive properties in humans,
the neuro-pharmacological actions of nutmeg have not been evaluated in depth. In 1966,
Shulgin proposed that the psychoactivity of nutmeg might be due to the metabolic conversion
of myristicin to amphetamine-like compounds (Shulgin, 1966). However, this theory has been
recently questioned due to inconsistent animal findings and lack of detection of the proposed
amphetamine-like metabolites in biological fluids of nutmeg abuse cases or experimentally
administered nutmeg (Braun, 1973; Solheim and Scheline, 1973; Beyer et al., 2006).

Numerous CNS activities have been reported for nutmeg. Olajide et al. (Olajide et al., 1999)
reported that oral administration of the chloroform extract of nutmeg (50–200 mg/kg)
possessed a potent analgesic effect against acetic acid-induced writhings in mice. On the other
hand, Sonavane et al. reported that trimyristin and the acetone insoluble fraction of the hexane
extract of the seed demonstrated anxiogenic activity in mice (10–100 mg/kg and 30–300 mg/
kg, i.p., respectively) when tested in the elevated plus maze and the hole-board paradigms
(Sonavane et al., 2002). An antidepressant activity of the seed hexane extract (10 mg/kg, 3 d,
p.o.) was also observed in mice using the forced swim and tail suspension tests. Interaction of
the extract with adrenergic, dopaminergic, and serotonergic receptors has been proposed to
mediate the antidepressant (Dhingra and Sharma, 2006) and anticonvulsant actions observed
in rodents. Oral administration of the hexane seed extract at 5 mg/kg dose for 3 successive days
improved learning and memory in both young and aged mice as well as reversed the diazepam
and scopolamine-induced learning and memory impairment (Parle et al., 2004). Inhibition of
acetylcholinesterase activity has been suggested as potential mechanism for memory
enhancement based on both in vitro and in vivo studies (Dhingra et al., 2006; Mukherjee et al.,
2007). Recently, Abdul Wahab et al. reported that i.p. administration of nutmeg oil resulted in
anticonvulsant activity against pentylene tetrazole (PTZ)-induced seizure and hind limb tonic
extension phase in the maximal electric shock (MES) seizure test (Abdul Wahab et al., 2008).

As evident from the literature, various neurological activities have been reported for nutmeg
extracts. Moreover, studies conducted so far report a diversity of actions with different extracts
and different routes of administration, mainly oral (p.o.) and intraperitoneal (i.p.). With the
ease of obtaining nutmeg and the legality of its use, it constitutes a popular low cost substitute
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for drugs of abuse. Recently, psychotropic and rare fatal effects have been reported in cases of
high nutmeg intake (Servan et al., 1998; Sangalli and Chiang, 2000; Stein et al., 2001; McKenna
et al., 2004; Forrester, 2005; Demetriades et al., 2005). Thus the need for detailed
pharmacological evaluation of the neurological effects of nutmeg and proper understanding of
the mechanism of action of its constituents is ever increasing.

In an attempt to understand the reputed psychopharmacology of nutmeg, the primary objective
of this study was to evaluate the neuro-pharmacological activity of different nutmeg extracts
in mice using two routes of administration (p.o. and i.p.). Earlier reports list nutmeg as a
recreational drug commonly used by teenagers as well as in prison settings primarily as a cheap
marijuana substitute. In fact anecdotal reports compare the feeling experienced by nutmeg
intake to a “medium marijuana buzz”. Additionally, the pain relieving capacity of nutmeg has
been historically utilized to ward off pain, and as such has been commonly used to substitute
morphine narcotic drugs (Rudgley, 1998). As mentioned earlier, the reputed psychoactivity of
nutmeg has always been associated with the hypothesis of potential metabolic activation of
nutmeg constituents to amphetamine-like compounds. Hence, this study compared the neuro-
pharmacological actions of different nutmeg extracts to the actions of these commonly abused
drugs, Δ9-tetrahydrocannabinol, morphine, and amphetamine. The tetrad assay was utilized as
a platform to achieve this objective.

2. Materials and methods
2.1. Preparation of nutmeg extracts

The different extracts were prepared according to the following general procedure. In each of
three 125 mL conical flasks, 10 g of freshly ground whole nutmeg kernels (Sharp Labs, Port
Orange, FL) were soaked overnight in 75 mL of the specified organic solvent. The extract of
each solvent was filtered and the residue was subjected to two additional extraction cycles.
The three extracts were combined and concentrated at 45 °C under vacuum in a rotary
evaporator. Extract yields were 2.1, 1.4 and 1.4 g for methanol (ME), dichloromethane (DE)
and n-hexane (HE), respectively. The waxy component (myristic acid and its triglyceryl ester,
trimyristin) was separately isolated by storing 100 mL of the total methanolic extract of nutmeg
(10 g powder nutmeg) in a freezer and filtering the off-white residue (WR) that separated
overnight (1.5 g). The remaining methanolic solution was concentrated under vacuum to yield
a dark brown oily residue (DME, 0.5 g). Each extract was fingerprinted by HPLC as described
below.

2.2. HPLC analysis
A Shimadzu Prominence® system composed of a quaternary pump, autoinjector and PDA
detector was used for fingerprinting the tested extracts. The system is controlled by LCSolution
ver. 1.22 running under MS Windows XP. A Luna C18 column (150 × 4.6 mm, 5u) with a
SecurityGuard® cartridge (Phenomenex, Torrance, CA) was used for the analysis. A gradient
elution was run at 1 mL/min with 40% acetonitrile in 0.1% aqueous formic acid to 100%
acetonitrile over 40 minutes followed by a 5 min washing/re-equilibriation period. Samples
(20 mg of each extract) were dissolved in methanol (1.00 mL), passed through 45u membrane
filters and 10 uL injected on the column. Chromatograms were recorded at 280 nm. Initial
HPLC profiling of different nutmeg samples revealed no major variations in the fingerprint
analysis (data not shown). Thus the study focused on preparing extracts from the sample
comprised of whole (unpowdered) nutmeg kernels, which as such was less subject to
uncontrolled manipulation by the supplier. Additionally, such sample reflects the more
common form of nutmeg consumed by human population.
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2.3. Pharmacological experiments
2.3.1. Animals—Experiments were performed using eight week old mice. Male Swiss
Webster mice (Harlan, IN, USA) weighing 24–30 g at the time of testing were used. The mice
were housed in groups of five with a 12 h light/12 h dark cycle. Food and water were provided
ad libitum. All mice were randomly selected for each treatment group. Procedures involving
animals were performed according to the guidelines approved by the Institutional Animal Care
and Use Committee (IACUC).

2.3.2. Mouse tetrad assay—The mouse tetrad assay is a four point behavioral assay that
characterizes the effect on locomotor activity, catalepsy, body temperature, and nociception.
It is well established that the psychoactive properties exerted by Δ9-THC and other
cannabinoids manifest in the mouse tetrad assay as classical cannabimimetic activity of
decreased locomotor activity, catalepsy, hypothermia, and antinociceptive effects (Martin et
al., 1994; Varvel et al., 2005; Pertwee et al., 2007). Twenty four hours prior to testing, animals
were acclimated to experimental settings (ambient temperature 22–24 °C) and rectal probe
insertion. At test day, pre-injection control values for rectal temperature, catalepsy, tail flick,
and hot plate latencies were determined. Animals were then injected orally (p.o.) or
intraperitoneally (i.p.) with either the vehicle control, Δ9-THC (10–40 mg/kg, i.p.),
amphetamine (5–20 mg/kg, i.p.), morphine (5–20 mg/kg, i.p.) or nutmeg extract (100–1000
mg/kg, p.o. or i.p.). Thirty minutes following i.p. injection or sixty minutes following oral
dosing, animals were individually placed on a ring immobility apparatus and the latency to
drop was recorded in sec with a maximum of 180 sec latency. Rectal temperature was then
recorded using a digital rectal probe and was expressed as the difference between basal and
post injection temperatures. Tail flick and hot plate latencies were measured with a maximum
tail flick latency of 15 s and hot plate latency of 45 s to avoid tissue damage. Animals were
then individually placed in activity chambers (San Diego Instruments, San Diego, CA) where
the locomotor activity was automatically monitored for thirty minutes. Total activity was
expressed as the total number of interruptions of 16 cell photobeam per chamber.

2.3.3. Data analysis—All values were presented as mean ± S.E.M. with n = 6–8 animals/
group. Antinociception was expressed as the percent maximal effect (% MPE=[(Post drug
latency − basal latency)/(cutoff latency−basal)] × 100). All data were analyzed using One Way
ANOVA followed by Dunnett’s post hoc test to determine significant difference from vehicle
control at p<0.05.

3. Results
3.1. HPLC analysis of nutmeg extracts

All extracts showed the same HPLC profile at 280 nm (Fig. 1) with at least 11 characteristic
components present (yet to be identified). Based on sample weight, however, each of DE and
HE had ca. 50% total concentration of the main UV-active components while DME had ca.
200% as ME (calculated by comparing the total peak areas of each extract). In contrast to ME,
a brownish waxy residue, both DE and HE appeared as yellowish white semi-solids while DME
was a brown oil.

3.2. Behavioral effects of Δ9-THC, amphetamine, and morphine in mouse tetrad assay
As shown in table 1, Δ9-THC exerted the typical cannabimimetic activity whereby it caused
significant reduction in locomotor activity (F[3,39] = 17.41; p<0.0001), catalepsy (F[3,45] =
5.06; p=0.004), significant hypothermic effect (F[3,36] = 21.94; p<0.0001), as well as
antinociceptive action in both the hot plate and tail flick assays (F[3,50] = 14.74; p<0.0001
and F[3,45]=9.97; p<0.001, respectively). Dunnett’s post hoc comparison revealed that the
decrease in locomotor activity caused by 10 (q=5.53, p<0.001), 20 (q=4.61, p<0.001), and 40
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(q=5.71, p<0.001) mg/kg doses of Δ9-THC was statistically significant compared to the vehicle
control. Similarly, the increase in catalepsy latency induced by the 20 (q=3.38, p<0.01) and 40
(q=2.83, p<0.05) mg/kg doses of Δ9-THC was statistically significant. Both the 20 (q=2.44,
p<0.001) and 40 (q=7.02, p<0.001) mg/kg doses of Δ9-THC significantly reduced the animals’
core body temperature. The classical cannabinoid Δ9-THC caused a dose dependent increase
in hot plate and tail flick withdrawal latencies confirming its antinociceptive effect. The
increase in hot plate latency was statistically different from the vehicle control at the 10 (q=3.90,
p<0.001), 20 (q=5.67, p<0.001), and 40 (q=4.81, p<0.001) mg/kg doses. A dose dependant
increase was observed in the tail flick latency, with the changes induced by the 20 (q=3.44,
p<0.01) and 40 (q=4.58, p<0.001) mg/kg doses being significantly different from the vehicle
control.

Administration of Amphetamine to mice caused a significant increase in locomotor activity (F
[2,19] = 17.21; p<0.0001), significant increase in core body temperature (F[2,21] = 80.61;
p<0.0001), as well antinociceptive action in both the hot plate and tail flick assays (F[2,20] =
13.38; p=0.0002 and F[2,14]=15.11; p =0.003, respectively). No catalepsy was noted in any
of the animals (F[2,21] = 1.14; p =0.04) (Table 1). Post hoc analysis revealed that the enhanced
locomotor activity was significant only at the 5 mg/kg dose (q=5.03, p<0.001), while the
hyperthermic effect was significant at both the 5 (q=7.36, p<0.001) and 20 (q=12.64, p<0.001)
mg/kg doses. A dose dependant antinociceptive action was observed in both the hot plate
(q=2.62, p<0.05; q=5.17, p<0.001 for the 5 and 20 mg/kg doses, respectively) and tail flick
assays (q=4.43, p<0.01; q=4.78, p<0.001 for the 5 and 20 mg/kg doses, respectively).

Morphine administration resulted in significant decrease in locomotor activity (F[3,21] =
19.89; p<0.0001) at the 5 (q=4.64, p<0.001), 10 (q=6.59, p<0.001), and 20 (q=6.59, p<0.001)
mg/kg doses. No cataleptic effect was observed at any of the used doses (F[3,26] = 0.16;
p=0.92). A significant hypothermic effect (F[3,27] = 25.37; p<0.0001) was evident only at the
20 mg/kg dose (q=7.79, p<0.001). As expected, morphine demonstrated a strong antinocipetive
action in both the tail flick (F[3,22] = 25.87; p<0.0001) and hot plate tests (F[3,28] = 33.60;
p<0.0001). Post hoc analysis showed that the prolongation of tail flick latency was significant
at the 5 (q=4.21, p<0.01), 10 (q=6.80, p<0.001), and 20 (q=8.22, p<0.001) mg/kg doses, while
hot plate latency prolongation was significant only at the 10 (q=3.05, p<0.05) and 20 (q=9.05,
p<0.001) mg/kg doses. Collected data are summarized in table 1.

3.2. Behavioral effects of i.p. administration of different nutmeg extracts in the mouse tetrad
assay

As shown in table 2, DE did not have a significant effect on the locomotor activity of the
animals (F[3,25]=1.08, p=0.38), catalepsy (F[3,25]=0.58, p=0.63), or tail flick latency (F[3,25]
=0.63, p=0.60). On the other hand, a significant hypothermic effect (F[3,30]=29.43, p<0.0001)
and delay in hot plate latency(F[3,28]=5.83, p=0.0032) were observed. Dunnett’s post hoc
analysis showed that the 100, 300, and 500 mg/kg doses of DE all possess significant
hypothermic effect (q=2.50, p<0.05; q=5.18, p<0.01; q=5.94, p<0.01, respectively), while only
the 300 mg/kg dose showed significant antinociceptive effect in the hot plate assay.

Similarly, HE had no significant effect on locomotor activity F[3,26]=1.25, p=0.31), catalepsy
F[3,29]=2.57, p=0.073), or tail flick latency F[3,28]=0.27, p=0.85), but it caused significant
overall decrease in core body temperature F[3,31]=10.28, p<0.0001) and prolongation of hot
plate latency (F[3,28]=6.97, p=0.0012). Interestingly, regarding the hypothermic effect, only
the 100 (q=4.51, p<0.001) and 300 mg/kg (q=2.95, p<0.05) doses were statistically different
from the vehicle control. The antinociceptive action observed in the hot plate assay was
significant at the 300 (q=4.20, p<0.001) and 500 (q=2.79, p<0.05) mg/kg doses only.
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While the i.p. administration of ME had no significant effect on locomotor activity (F[3,28]
=1.11, p=0.36), catalepsy (F[3,38]=1.87, p=0.15), or tail flick assays (F[3,30]=1.20, p=0.33),
a mildly significant hypothermic (F[3,33]=18.75, p<0.0001) and enhanced hot plate latency
(F[3,29]=4.46, p=0.01) were observed at the 500 mg/kg dose (q=5.32, p<0.01; q=2.82, p<0.05,
respectively). On the other hand, DME caused significant reduction in locomotor activity (F
[3,23]=68.58, p<0.0001), significant decrease in body temperature (F[3,28]=18.05, p<0.0001),
as well as antinociceptive action in both the tail flick (F[3,20]=8.41, p=0.0008) and hot plate
(F[3,27]=12.19, p<0.0001) tests. The decrease in locomotor activity was significant at the 100
(q=4.26, p<0.01), 300 (q=11.34, p<0.01), and 500 (q=12.32, p<0.01) mg/kg doses. The
hypothermic effect was only significant at the 500 mg/kg dose (q=5.86, p<0.01). The increase
in tail flick latency was significant only at the 500 mg/kg dose (q=4.76, p<0.01), while all three
doses caused significant increase in hot plate latency with a 30 % increase induced by the 500
mg/kg dose (q=5.68, p<0.01).

3.2. Behavioral effects of p.o. administration of different nutmeg extracts in the mouse tetrad
assay

Table 3 summarizes the effects exerted by the oral administration of the different nutmeg
extracts in the mouse tetrad assay. The only effect exerted by DE in the assay was a significant
increase in locomotor activity (F[2,20]=13.52, p=0.0002), no effect was observed on catalepsy
(F[2,20]=1.50, p=0.25), body temperature (F[2,21]=0.45, p=0.65), or latency in hot plate (F
[2,21]=1.91 p=0.17), or tail flick (F[2,20]=1.95, p=0.17) assays. The locomotor stimulant
action was only significant at the 500 mg/kg dose (q=4.71, p<0.001) and not the 1000 mg/kg
oral dose of DE.

Similar to the DE effect, oral administration of HE resulted in a locomotor stimulant effect (F
[2,19]=6.24, p=0.0082) that was significant only at the 500 mg/kg dose (q=3.46, p<0.01). The
extract did not cause any catalepsy (F[2,21]=0.67, p=0.52), change in body temperature (F
[2,20]=0.72, p=0.50), or prolongation of tail flick latency (F[2,21]=2.68, p=0.09). A slight
increase in hot plate latency (F[2,21]=9.60, p=0.0011), suggestive of a mild analgesic effect,
was observed with the 500 mg/kg dose (q=2.77, p<0.05).

As evident in table 3, oral administration of ME caused significant hyperlocomotion (F[2,21]
=13.60, p=0.0002) at the 500 mg/kg dose (q=5.05, p<0.001). The same dose caused a mild but
significant decrease in hot plate latency (F[2,21]=3.34, p=0.055; q=2.58, p<0.05). The extract
did not have any effect on catalepsy (F[2,21]=0.54, p=0.59), rectal temperature (F[2,21]=0.15,
p=0.86), or tail flick latency (F[2,20]=1.40, p=0.27). On the other hand, DME had no effect
on locomotor activity (F[2,17]=1.28, p=0.30), catalepsy (F[2,18]=1.43, p=0.27), rectal
temperature (F[2,17]=0.61, p=0.50), tail flick (F[2,19]=0.47, p=0.63), or hot plate (F[2,17]
=3.01, p=0.08) latencies.

4. Discussion
The current study was aimed at evaluating the neuropharmacological activity of nutmeg
extracts in the mouse tetrad assay. The assay is a panel of four tests that determine the effect
on locomotor activity, core body temperature, induction of catalepsy, and antinociceptive
action using the hot plate and tail flick tests. Historically, the tetrad assay has been used to
characterize cannabinoid-induced activity, particularly of Δ9-THC. Typically, Δ9-THC
administration in mice results in reduced locomotor activity, hypothermia, catalepsy, and
antinociceptive action evidenced by a prolonged latency in both the hot plate and tail flick tests
(Wiley and Martin, 2003). Since nutmeg is commonly used as a substitute for several drugs of
abuse, the effects of nutmeg extract in mouse tetrad assay was compared to the effects exerted
by Δ9-THC, amphetamine, and morphine, using both i.p. and p.o. administration routes.
Nutmeg powder was extracted by solvents of varying polarities in an attempt to control the
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polar/non-polar constituent ratio in each extract. To ensure conformity of extracts, an HPLC
method was developed to fingerprint each extract based on its UV-active constituents (aromatic
phenylpropanoids, such as myristicin, safrole, eugenol and others) (Bruneton, 1999). The
variation in the specific total concentration of the UV-active constituents between extracts was
also used as a guide to the specific total concentration of non-UV-active constituents, mainly
terpenes, myristic acid and trimyristin. As expected, although the HPLC fingerprint of all
extracts was qualitatively similar the consistency of each extract was different depending on
the type of solvent and/or extraction procedure. Hence, extracts with the highest lipid content
(HE, DE and WR) were waxy and light in color as opposed to more polar extracts (ME and
DME) which were semisolid or oily and brownish in color. Although the lipid and terpene
constituents were invisible in the HPLC fingerprints, the gradual decrease in the total UV-
active constituents towards more lipophilic extracts together with the increased waxy
consistency reflected the higher lipophilicity of such extracts.

In accordance with previous reports, Δ9-THC administration resulted in typical
cannabimimetic activity: reduction in locomotor activity, catalepsy, hypothermia, and
antinociception (Martin et al., 1995). Such effects have been primarily attributed to agonist
action on the cannabinoid CB1 receptor (Chaperon and Thiobot, 1999). The psychostimulant
amphetamine, on the other hand, caused a biphasic response in locomotor activity, with
significant increase observed at low dose (5 mg/kg) that disappeared at the high (20 mg/kg)
dose. Yates et al reported a similar biphasic effect of amphetamine-induced locomotor behavior
in C57Bl/6 mice at doses similar to those used in the current study. Amphetamine caused a
significant enhancement of locomotor activity at doses between 2–6 mg/kg followed by
locomotor suppression at doses between 12–20 mg/kg. At such high doses, the enhanced
locomotor activity was replaced by enhanced stereotypy (Yates et al., 2007). The observed
hyperthermic effect of amphetamine is also consistent with previously published reports
(Salminen Jr. et al., 1997; Krasnova et al., 2001) and the classical symptoms of psychostimulant
toxicity (Callaway and Clark, 1994). Similar to previous findings, amphetamine, up to 20 mg/
kg dose did not induce catalepsy (Geffen et al., 2009). A significant antinociceptive effect
exerted by amphetamine was recorded at both the 5 and 20 mg/kg doses. However, such effect
was more pronounced in the tail flick (78.6 % MPE) than the hot plate (27.8 % MPE). Such
data suggest the involvement of a supraspinal rather than a spinal mechanism of antinociception
(Chapman et al., 1985). Similar to our findings, Connor et al reported that a low dose of
amphetamine (1.8 mg/kg) had significant analgesic effect in the tail flick but not the hot plate
assay (Connor et al., 2000). Analogous to amphetamine, morphine did not exhibit a typical
cannabinoid activity in all the tests. However, it did cause significant reduction in locomotor
activity, significant hypothermia, and analgesic action in both the hot plate and tail flick tests.
An earlier study evaluated the effect of morphine in tetrad assay and reported significant
hypothermia and analgesic effect. However, the reduction in locomotor activity was not
observed in that study (Wiley and Martin, 2003).

The present study demonstrated that administration of nutmeg extracts did not produce a typical
cannabinoid activity in all four tests. The effects observed varied by route of administration as
well as type of extract. Oral administration of all extracts, except DME, resulted in significant
stimulant effect on locomotor activity at the 500 mg/kg dose, while the higher 1000 mg/kg
dose did not exert such stimulant action. The observed U-shaped effect on locomotor activity
is similar to the behavioral profile observed for the psychostimulant drug amphetamine. In
addition to the observed locomotor stimulant action, the HE produced a mild but significant
antinociceptive effect in the hot plate assay indicating action on a supraspinal analgesic
pathway.

On the other hand, the i.p. administration of the nutmeg extracts lacked any effect on locomotor
activity, except DME, which had a significant depressant action. Previously reported human
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and animal data with pure nutmeg compounds suggest CNS depressant activity as well (Truitt
et al., 1961; Engelbrecht et al., 1972; de Mello et al., 1973; Sangalli and Chiang, 2000). Similar
to our findings, Sonavane et al (Sonavane et al., 2002) reported that the i.p. administration of
the acetone insoluble fraction of the n-hexane extract of nutmeg in mice caused significant
reduction in locomotor activity and rearing in an open field test coupled to an anxiogenic effect.
The observed hypothermic effect exerted by the extracts also confirms a CNS depressant action.
A mild but significant antinociceptive action was also observed for the extracts given i.p.
Interestingly, the i.p. administration of DE, ME, as well as HE caused significant
antinociception in the hot plate but not the tail flick assay. The hot plate test involves two types
of responses: paw licking and jumping. Both responses integrate at supraspinal structures with
the C and Aδ type I and II sensitive fibers participating in this model (Lopes et al., 2009).
Accordingly, the data suggest that the observed antinociceptive action of nutmeg extracts might
involve an analgesic mechanism at the supraspinal level. On the other hand, the 500 mg/kg
dose of DME showed significant analgesic effect in both the hot plate and tail flick tests
suggesting enrichment in components (primarily non-lipid and/or aromatic compounds) that
might activate a spinally-mediated analgesic pathway. Further mechanistic studies are needed
to better understand the analgesic action of nutmeg.

An interesting finding of this study is the qualitative difference demonstrated between the oral
and i.p. routes of administration. Such differences might be attributed to lower bioavailability
and/or greater metabolism for the oral versus i.p. routes. The data suggest that the compounds
responsible for CNS depressant action are ineffective orally, possibly due to metabolic
inactivation. On the other hand, the observed stimulant effect of oral versus i.p. routes indicates
possible metabolism of certain nutmeg constituents to stimulant compounds. Although the
early hypothesis of metabolic amination/transmination of nutmeg phenylpropanoids to
amphetamine-like compounds has not been advocated by human metabolic studies (Shulgin,
1966; Braun, 1973; Solheim and Scheline, 1973), the possibility that nutmeg compounds and
their metabolites might be responsible for such psychoactivity still exists. Similar to classic
hallucinogens, both myristicin and elemicin have been reported to elicit psychoactivity as well
as binding to 5-HT receptors (Glennon, 1990; Sangalli and Chiang, 2000). Moreover, structural
similarity of compounds isolated from the terpenic fraction of nutmeg (e.g. camphene, borneol)
to known CNS stimulants has been noted (Glennon, 1990). However, mechanistic studies are
still needed to determine the effect of these compounds on central neurotransmitter release and
activity. Moreover, the obvious CNS depressant, hypothermic, and analgesic actions exerted
when the extracts were administered i.p. suggest that the extracts are enriched with CNS
depressant compounds. However, the actions of these compounds become masked following
biotransformation orally to CNS stimulant ones. A comprehensive pharmacokinetic study
coupled to characterization of the CNS actions of nutmeg extracts as well as purified
components would certainly address these issues and provide insight about nutmeg and its
controversial status as a drug of abuse.

In summary, nutmeg extracts displayed different activities in the mouse tetrad assay. The
observed activities were not typically cannabinoid-like in nature and they varied with the type
of extract and the route of administration. HPLC fingerprinting showed that the tested extracts
had different hydrophilic/lipophilic constituent ratios, which may be a factor in the varied
pharmacological effect. Further mechanistic studies are warranted for the extracts and the pure
constituents. The development of a validated quantitative analytical method is also needed for
monitoring extract quality and to ensure reproducibility of data. Finally, the essential oil of
nutmeg, which was not included in this study, should be the scope of similar future
investigation.
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Figure 1.
HPLC fingerprints of the tested extracts showing similar qualitative profiles (peaks 1–14) and
different levels of UV-active components.
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