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Monoacylglycerol lipase (MGL) is a major enzyme involved in degradation of the endocannabinoid
2-arachidonoylglycerol (2-AG). Selective inhibitors of MGL are regarded as promising analgesics and
anticancer agents. To gain insight into the possible consequences of their prolonged administration for
anesthetic action, the effects of several inhalational and intravenous anesthetics were tested in knockout
mice lacking the MGL gene in the loss of righting reflex (LORR) assay. Sensitivity to inhalational and most
intravenous anesthetics was not altered in knockout mice. However, compared with wild-type litter-
mates, they showed increased sensitivity to the intravenous anesthetic propofol. Permanently elevated
levels of 2-AG after MGL knockout are known to cause desensitization of cannabinoid (CB1) receptors,
which have been advocated as possible mediators of propofol anesthesia. Therefore, increased sensitivity
to propofol in knockout mice at first suggested that 2-AG may potentiate CB1 receptors despite their
hypofunction in these animals. Pharmacologic inhibition of MGL also causes desensitization of CB1 re-
ceptors, so sensitivity to propofol was tested further in C57BL/6N mice pretreated chronically with the
selective MGL inhibitor JZL 184. Contrary to the results in knockout mice, these animals showed dras-
tically reduced sensitivity to propofol. The reason for increased sensitivity to propofol after MGL
knockout remains unclear, but may result from changes occurring in these animals during development.
However, our results in C57BL/6N mice pretreated with JZL 184 confirmed the role of CB1 receptors in
propofol anesthesia advocated previously, and also suggest that prolonged use of MGL inhibitors may be
associated with the development of resistance to propofol.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Endogenous cannabinoids (“endocannabinoids”) are lipid mo-
lecules present in vertebrates, mammals and humans that mimic
the effects of Δ9-tetrahydrocannabinol (Δ9-THC) administered
exogenously. Together with the enzymes responsible for their
synthesis and degradation as well as cannabinoid (CB1 and CB2)
receptors, they are indispensable components of the en-
docannabinoid system (Battista et al., 2012).

Endocannabinoids are involved in many physiologic (e.g., ap-
petite, immune function, memory) and pathologic (e.g., metabolic,
neuropsychiatric disorders, cancer and pain) processes (Guindon
and Hohmann, 2009, 2011; Ligresti et al., 2009). The most
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bioactive of endocannabinoids are anandamide (AEA) and 2-ara-
chidonoylglycerol (2-AG) (Luchicchi and Pistis, 2012). Brain con-
centrations of 2-AG are much higher than those of AEA, and 2-AG
has been postulated to be the “true” natural ligand for cannabinoid
receptors (Sugiura and Waku, 2000).

Endocannabinoids are not stored in presynaptic vesicles like
other mediators. They are produced and released “on demand”,
and regulate synaptic transmission in the central nervous system
(CNS) (Kano et al., 2009; Marsicano et al., 2003; Ohno-Shosaku
et al., 2012). Their effects are terminated rapidly by specific hy-
drolyzing enzymes: fatty acid amide hydrolase (FAAH) in the case
of AEA and monoacylglycerol lipase (MGL) in the case of 2-AG
(Alvarez-Jaimes and Palmer, 2011).

MGL represents an attractive target for modulation of the
functions of the endocannabinoid system. MGL inhibitors hold
promise for the treatment of cancer and chronic pain, and their
pharmaceutical development is underway (Fowler, 2012; Mulvihill
and Nomura, 2013). It may take some time before MGL inhibitors
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are available for clinical use. However, patients scheduled for
general anesthesia could receive this class of drug in the future.
Therefore, evaluation of the effects that prolonged interference
with MGL activity has on the action of anesthetic drugs is neces-
sary. Such evaluation is especially relevant given that permanent
genetic inactivation or prolonged pharmacologic inhibition of MGL
activity leads to profound alterations in the function of the en-
docannabinoid system as evidenced by down-regulation and de-
sensitization of CB1 receptors in the CNS. With respect to analgesia
and pain, these alterations manifest as tolerance to CB1 receptor
agonists (Chanda et al., 2010; Schlosburg et al., 2010) and underlie
augmentation of tonic pain-related behaviors observed in MGL
knockout mice (Petrenko et al., 2014).

Cannabinoid mechanisms have been implicated in the mod-
ulation (or even mediation) of general anesthesia (Chesher et al.,
1974; Frizza et al., 1977; Patel et al., 2003; Schuster et al., 2002). If
deficient CB1 receptor-mediated signaling develops in patients
taking MGL inhibitors over a long time, then anesthetic manage-
ment of such patients may be affected. This may be especially
relevant for propofol because this drug has been suggested to
mediate its hypnotic effect in mice via CB1 receptors by interfering
with enzymatic hydrolysis of AEA and 2-AG, thereby increasing
their content in the brain (Patel et al., 2003).

Here, we used the loss of the righting reflex (LORR) assay in
knockout mice lacking the MGL gene to characterize the con-
sequences that prolonged inhibition of MGL activity may have
upon sensitivity to the hypnotic effect of several inhalational and
intravenous anesthetics.
2. Materials and methods

2.1. Animals

The study protocol was approved by the Animal Use and Care
Committee of Niigata University (Niigata, Japan; approval number,
82-5). Most procedures were carried out on littermate male adult
(8–16 weeks) wild-type mice and MGL knockout mice of C57BL/6
(499.99%) and CBA (o0.01%) genetic backgrounds (Nakamura
et al., 2001; Tanimura et al., 2012; Uchigashima et al., 2011). Mice
genotypes were determined by polymerase chain reaction ana-
lyses of DNA extracted from samples of digested tails (Uchiga-
shima et al., 2011).

Phenotypically, MGL knockout mice have a normal appearance,
weight and overt behavior. None of the tetrad effects (analgesia,
hypomotility, catalepsy, hypothermia) that occur after acute
pharmacologic blockade of MGL are observed. They are cross-tol-
erant to cannabinoids because of desensitization of CB1 receptors
resulting from chronic elevation of brain levels of 2-AG (Chanda
et al., 2010; Schlosburg et al., 2010; Taschler et al., 2011; Uchiga-
shima et al., 2011). This desensitization underlies augmentation of
tonic pain-related behaviors in MGL knockout mice (Petrenko
et al., 2014).

Three groups of MGL knockout mice and their wild-type lit-
termates were used to evaluate anesthetic sensitivity to
(i) inhalational anesthetics (sevoflurane, isoflurane, nitrous oxide),
intravenous anesthetics (ii) ketamine and pentobarbital and (iii)
propofol. Mice in each group were used in two or three experi-
ments, and Z1 week was allowed after each experiment for re-
covery. Some of the experiments were carried out on 8-week-old
C57BL/6NCrl mice (hereafter referred to as “C57BL/6N mice”)
purchased from Charles River Laboratories Japan (Yokohama, Ja-
pan). In these experiments, mice were used only once. During
anesthetic experiments, the experimenter was blinded to the
genotype or pharmacologic pretreatment of mice. Mice were
housed 4–6 per cage under a standard 12-h light–dark cycle; water
and food were available ad libitum. Temperature of the testing
room was maintained at approximately 24 °C, and experiments
were conducted between 9 a.m. and 5 p.m..

2.2. Behavioral studies of sensitivity to anesthetics

2.2.1. Inhalational anesthetics
The behavioral endpoint of LORR was used to investigate the

hypnotic properties of inhalational anesthetics in mice (Petrenko
et al., 2007). Mice were placed individually in small plastic
chambers (width, 50 mm; depth, 150 mm; height, 45 mm) con-
nected to a vaporizer and source of oxygen/nitrous oxide. Mea-
surements were undertaken on four mice in each session.

Sevoflurane (Maruishi Pharmaceuticals, Osaka, Japan) vapor-
ized in 100% oxygen, isoflurane (Dainippon Sumitomo Pharma,
Osaka, Japan) vaporized in 100% oxygen or in oxygen mixed with
50% nitrous oxide were delivered to each chamber at 250 ml/min.
Concentrations of anesthetics were monitored continually using
an Infrared Gas Analyzer (Capnomac Ultima; Instrumentarium,
Helsinki, Finland). Rectal temperatures were measured using a
Thermocouple Thermometer (BAT-7001H; Physitemp Instruments,
Clifton, NJ, USA) after each measurement. Normothermia (ap-
proximately 37 °C) was maintained actively by warming with a
plastic plate filled with circulating hot water placed under the
chambers. Sevoflurane, isoflurane or isoflurane with 50% nitrous
oxide were administered to each chamber at initial concentrations
of 1.8%, 1.0% and 0.7%, respectively. After an equilibration period of
20 min, the chamber was rotated gently to place the mouse on its
back, and the righting reflex monitored for r15 s. All mice ex-
hibited LORR at these concentrations. The concentration of each
anesthetic was then decreased by 0.1% for another equilibration
period and the righting reflex tested again. The 50% concentration
for LORR (LORR ED50) was calculated by averaging the two con-
centrations at which the mouse retained LORR or regained the
righting reflex.

2.2.2. Intravenous anesthetics
The behavioral endpoint of LORR was used to investigate the

hypnotic properties of intravenous anesthetics in mice (Petrenko
et al., 2004). Ketamine (Sankyo, Tokyo, Japan), pentobarbital
(Dainippon Sumitomo Pharma, Osaka, Japan), and propofol (As-
traZeneca, Osaka, Japan) were administered via the intraperitoneal
route through a 30-G needle attached to a 1-ml tuberculin syringe
at 100, 40 and 160 and 180-mg/kg body weight, respectively.
These doses were selected based on previous reports (Irifune et al.,
1992, 1999; Joo et al., 1999) and, with the exception of a 160-mg/
kg dose of propofol, produce LORR in all injected animals (i.e., they
represent the 100% anesthetic doses of these drugs) (Petrenko
et al., 2007, 2004).

After injection, mice were placed individually in 2-L glass
beakers standing on a plastic plate filled with circulating hot water
used to maintain normothermia of approximately 37 °C. Mea-
surements were undertaken on two mice in each session. At 2-min
intervals, the beaker was tilted thrice to place mice gently on their
backs. The ability of mice to right themselves was evaluated ac-
cording to the rating scale of Boast et al. (1988) with modifica-
tions: a score of 0 indicated a normal righting reflex; þ1 indicated
that the mouse righted itself within 2 s on all three trials (slightly
impaired righting reflex); þ2 indicated that the latency to righting
was 42 s but o10 s at the best response in three trials (moder-
ately or severely impaired righting reflex); þ3 corresponded to
the LORR (no righting within 10 s on all three trials). The time
between LORR (shown as a score of þ3) and the time at which
mice regained the ability to right themselves (shown as a score of
þ2) was considered to be the duration of LORR in minutes. To
ensure accuracy of propofol delivery in C57BL/6N mice
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Fig. 1. Pretreatment experiments with the selective MGL inhibitor JZL 184 in
C57BL/6N mice. (A) Pretreatment protocol 1 was implemented to create desensi-
tization of CB1 receptors. According to this protocol, JZL 184 (or vehicle) was ad-
ministered once daily (9 a.m.) at 40 mg/kg for 6 days. Sensitivity to 180-mg/kg
propofol was assessed after a 52-h washout period on day-8 (1 p.m.).
(B) Pretreatment protocol 2 was implemented to create desensitization of CB1 re-
ceptors accompanied by elevated levels of the endocannabinoid 2-AG. According to
this protocol, JZL 184 (or vehicle) was administered once daily (9 a.m.) at 40 mg/kg
for 7 days. Sensitivity to 180-mg/kg propofol was assessed 4 h after the final in-
jection of JZL 184 on day-7 (1 p.m.).

Fig. 2. Sensitivity to inhalational anesthetics evaluated by the 50% effective con-
centration for loss of righting reflex (LORR ED50) in wild-type mice and MGL
knockout mice (n¼6–10 per group). Data are the mean7S.E.M.
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participating in pharmacologic pretreatment experiments (see
below), injections were facilitated by brief (r1 min) anesthesia
with 5% sevoflurane (Petrenko et al., 2014) that rendered animals
unresponsive for 20–30 s so that mice could be placed on their
backs and be injected with propofol.

2.3. Pretreatment experiments

Propofol sensitivity was assessed after pretreatment of C57BL/
6N mice with the selective MGL inhibitor JZL 184 (Cayman Che-
micals, Ann Arbor, MI, USA) administered once daily at 9 am at
40 mg/kg according to two protocols (Fig. 1). A 40-mg/kg dose of
JZL 184 is 2.5-times higher than its dose causing 100% inhibition of
MGL activity in mouse brains (16 mg/kg) (Long et al., 2009). Pre-
treatment protocol 1 (PP1; Fig. 1A) (Schlosburg et al., 2010) was
implemented to recreate a desensitized state of CB1 receptors si-
milar to that present in MGL knockout mice. Pretreatment protocol
2 (PP2; Fig. 1B) was used to more precisely mimic the situation
after MGL knockout when desensitization of CB1 receptors is ac-
companied by elevated levels of 2-AG. According to PP1, JZL 184
was administered for 6 consecutive days and the propofol LORR
assay was carried out after a 52-h washout period at 1 p.m. on
day-8. According to PP2, JZL 184 was administered for 7 con-
secutive days (including 6 days to reliably produce desensitization
of CB1 receptors) and the propofol LORR assay was done at 1 p.m.
on day-7, 4 h after the final injection of JZL 184. Four hours after
the final administration of JZL 184 were allowed for full develop-
ment of its inhibitory effect on MGL activity and to maximally
elevate brain levels of 2-AG (Long et al., 2009). JZL 184 was dis-
solved in dimethylsulfoxide and injected via the subcutaneous
route through a 30-G needle attached to a 100-μl microsyringe
(Hamilton, Reno, NV, USA) in 3 ml/kg. Control animals received
3 ml/kg body weight of dimethylsulfoxide. To minimize animal
suffering and to ensure precise administration of the drug, all in-
jections were made after brief (r1 min) anesthesia with 5%
sevoflurane.
2.4. Statistical analyses

Statistical analyses were undertaken using GraphPad Prism
v5.04 (GraphPad, San Diego, CA, USA). Differences between wild-
type mice and mutant mice with regard to sensitivity to inhala-
tional anesthetics and intravenous anesthetics (ketamine and
pentobarbital), as well as differences between vehicle- or drug-
pretreated C57BL/6N mice with regard to sensitivity to in-
travenous anesthetic propofol, were analyzed by the unpaired
Student’s t-test. Differences between wild-type and mutant mice
with regard to sensitivity to two doses of propofol were analyzed
by two-way analysis of variance (ANOVA) followed by the Bon-
ferroni test. Data are the mean7S.E.M. Po0.05 was considered
significant.
3. Results

3.1. Sensitivity to inhalational anesthetics

The ability of inhalational anesthetics to produce LORR was not
altered after MGL knockout, as evidenced by similar LORR ED50

values for sevoflurane, isoflurane, and isoflurane co-administered
with nitrous oxide (Fig. 2). This finding suggested that chronic
inhibition of MGL is unlikely to change the hypnotic requirements
for inhalational anesthetics.

3.2. Sensitivity to intravenous anesthetics

Ketamine (100 mg/kg) and pentobarbital (40 mg/kg) produced
LORR in all wild-type and MGL knockout mice (Table 1). The ability
of ketamine and pentobarbital to produce and maintain LORR was
not altered after MGL knockout, as evidenced by the similar
duration of LORR caused by these anesthetics in mice of both
genotypes (Fig. 3A). Simultaneously, propofol at 160 mg/kg pro-
duced LORR in a larger proportion of MGL knockout mice (Table 1).
Furthermore, knockout mice injected with two doses (160 and
180 mg/kg) of propofol exhibited LORR for longer durations than
their wild-type littermates. This difference was significant for 180-
mg/kg propofol (Fig. 3B). These findings suggested that chronic
inhibition of MGL may enhance and prolong the hypnotic effect of
propofol.

Antagonism of CB1 receptors has been reported to diminish the
ability of propofol to cause LORR (Patel et al., 2003). Therefore, the
findings stated above of increased sensitivity to propofol in MGL
knockout mice, despite hypofunction of their CB1 receptors
(Schlosburg et al., 2010), challenged the role of the en-
docannabinoid system in mediation of propofol anesthesia sug-
gested previously (Patel et al., 2003).



Table 1
The absolute number and percentage of wild-type and MGL knockout mice de-
monstrating the loss of righting reflex (LORR) after intraperitoneal administration
of ketamine, pentobarbital or propofol. Values in parentheses denote the total
number of mice in each group.

n LORR (%)

Drug (mg/kg) Wild-type MGL knockout Wild-type MGL knockout

Ketamine
100 7 (7) 9 (9) 100 100

Pentobarbital
40 6 (6) 7 (7) 100 100

Propofol
160 6 (9) 8 (9) 67 89
180 6 (6) 7 (7) 100 100

Fig. 3. Sensitivity to intravenous anesthetics (A) ketamine and pentobarbital and
(B) propofol evaluated by duration of loss of righting reflex (LORR) in wild-type
mice and MGL knockout mice (n¼6–8 per group). Data are the mean7S.E.M.
*Po0.05, knockout vs. wild-type, Bonferroni test after two-way ANOVA.

Table 2
The absolute number and percentage of C57BL/6N mice pretreated according to
two protocols with JZL 184 (or vehicle) and demonstrating the loss of righting
reflex (LORR) after intraperitoneal administration of 180-mg/kg propofol. Accord-
ing to pretreatment protocol 1 (PP1), sensitivity to propofol was assessed 52 h after
the final administration in a series of six daily administrations of 40-mg/kg JZL 184.
According to pretreatment protocol 2 (PP2), sensitivity to propofol was assessed 4 h
after the final administration in a series of seven daily administrations of 40-mg/kg
JZL 184. Values in parentheses denote the total number of mice in each group.

n LORR (%)

Pretreatment Vehicle JZL 184 Vehicle JZL 184

Protocol 1 (PP1) 12 (12) 8 (14) 100 57
Protocol 2 (PP2) 8 (8) 8 (8) 100 100

Fig. 4. Sensitivity to the intravenous anesthetic propofol evaluated by duration of
loss of righting reflex (LORR) in C57BL/6N mice assessed 52 h after the final ad-
ministration in a series of six daily administrations of 40-mg/kg JZL 184 (pre-
treatment protocol 1 (PP1)) and 4 h after the final administration in a series of
seven daily administrations of 40-mg/kg JZL 184 (pretreatment protocol 2 (PP2));
n¼8–12 per group. Data are the mean7S.E.M. **P¼0.0036; ***P¼0.0002, treated
vs. control, unpaired t-test; ###P¼0.0005, PP1 vs. PP2, unpaired t-test.
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3.3. Effect of chronic pretreatment with JZL 184 on sensitivity to
propofol

Genetic inactivation and prolonged pharmacologic inhibition of
JZL 184 causes similar alterations in endocannabinoid signaling as
evidenced by desensitization and down-regulation of CB1 re-
ceptors (Schlosburg et al., 2010). Therefore, we used an established
protocol for prolonged administration of high-dose JZL 184
(40 mg/kg for 6 days) that causes desensitization of CB1 receptors
clearly evident after a 48-h washout period after the final injection
of the drug (PP1). Compared with vehicle-treated controls, C57BL/
6N mice treated for 6 days with 40-mg/kg JZL 184 and subject to
the 180-mg/kg propofol LORR assay on day-8 (after 52-h washout)
showed greatly reduced sensitivity to propofol (Table 2, Fig. 4).
This result contrasted with the data obtained in MGL knockout
mice, but was in accordance with a report showing that antag-
onism of CB1 receptors can diminish propofol anesthesia (Patel
et al., 2003).
The pharmacologic protocol used above (PP1) desensitized CB1

receptors, but such desensitization is not accompanied by elevated
levels of 2-AG that are present after MGL knockout. Therefore,
prolonged LORR after propofol administration in MGL knockout
mice may be because of the ability of 2-AG (present at maximally
elevated levels) to override the desensitized state of CB1 receptors
in these animals. To more closely mimic the situation after
knockout of the MGL gene, we employed another pharmacologic
protocol (PP2) in which C57BL/6N mice received an additional
(seventh) daily injection of JZL 184 and their sensitivity to propofol
was tested 4 h afterwards (no washout). This regimen resulted in
only partial restoration of the hypnotic potency of propofol whose
efficiency, albeit increased compared with that after PP1 (Table 2),
was approximately twofold lower than that in vehicle-treated
mice (Fig. 4). This result suggested that the desensitized state of
CB1 receptors cannot be overridden by maximally elevated levels
of 2-AG. It also suggested that genetic inactivation and chronic
pharmacologic inhibition of MGL activity have opposite effects on
sensitivity to propofol. The former leads to enhancement of the
effect of propofol and the latter reduces its hypnotic potency. The
reason for this difference is not clear, but neurodevelopmental
changes secondary to the deficit of endocannabinoid signaling in
MGL knockout mice from embryonic stages may be responsible.

Comparison of Figs. 3B and 4 shows that the duration of LORR
after administration of 180-mg/kg propofol in vehicle-pretreated
(for 6 or 7 days) C57BL/6N mice was significantly longer compared
with the wild-type littermates of MGL knockout mice. Although
apparently irrelevant for interpretation of the main results of the
present study, this difference may reflect increased handling time
and stress during pharmacologic pretreatment experiments in
C57BL/6N mice. Also, slight differences in genetic backgrounds and
different breeding conditions before study enrollment may have
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been responsible.
4. Discussion

We found that inactivation of the MGL gene did not change the
hypnotic effects of the inhalational (sevoflurane, isoflurane, ni-
trous oxide) and most intravenous (ketamine, pentobarbital) an-
esthetics examined here. However, inactivation of the MGL gene
significantly increased sensitivity to intravenous anesthetic pro-
pofol, as evidenced by prolongation of the duration of LORR after
its intraperitoneal administration.

MGL knockout mice have significantly elevated levels of 2-AG
as a result of the lack of its major degrading enzyme. Depending
on the study, 10–58-fold elevations of 2-AG concentration have
been reported in MGL knockout mice (Chanda et al., 2010;
Schlosburg et al., 2010; Taschler et al., 2011). 2-AG is an en-
dogenous ligand of CB1 receptors, which have been suggested as
possible mediators of propofol anesthesia. Therefore, explaining
any behavioral alteration (including the prolonged effect of pro-
pofol) occurring after MGL knockout by the enhanced effect of
2-AG on CB1 receptors would be logical. However, the fact that CB1

receptors in MGL knockout mice have been shown to adapt to
elevated levels of 2-AG by becoming desensitized and tolerant to
cannabinoids (Chanda et al., 2010; Schlosburg et al., 2010) casts
doubt on the validity of such an explanation. Furthermore, the
validity of the latter explanation is questioned further by our in-
ability to replicate increased sensitivity to propofol in mice pre-
treated chronically with the selective MGL inhibitor JZL 184. As we
showed, rather than becoming more sensitive to propofol, mice
with pharmacologically desensitized CB1 receptors became re-
sistant to its hypnotic effect. Furthermore, we also showed that
such resistance is sufficiently strong and unlikely to be overridden
by maximally elevated levels of 2-AG. Results from pharmacologic
pretreatment experiments confirmed the role of CB1 receptors as
mediators of the anesthetic effect of propofol suggested
previously.

Previously, we reported augmentation of tonic pain-related
behaviors in MGL knockout mice and demonstrated that a similar
phenomenon can be replicated in C57BL/6N mice pretreated
chronically with JZL 184 (Petrenko et al., 2014). Those data sug-
gested that desensitization of cannabinoid receptors is likely to be
responsible for the proalgesic phenotype after knockout. Here,
genetic inactivation and prolonged pharmacologic inactivation of
MGL activity had opposite effects on the hypnotic sensitivity to
propofol. The exact reason for increased sensitivity to propofol
after MGL knockout is not clear. However, given the critical role
that endocannabinoid signaling (particularly via 2-AG) has in for-
mation of neuronal networks in the developing forebrain (Keim-
pema et al., 2010, 2013; Wu et al., 2010), rather than being func-
tional, this reason may be structural. To this end, endocannabinoid
signaling in adult MGL knockout mice via their desensitized and
down-regulated CB1 receptors is clearly impaired, and this im-
pairment is present throughout their development. The brain
morphology of MGL knockout mice has not been studied ex-
tensively, but it may resemble that of mice with genetic deletion of
CB1 receptors. In the latter animals, absence of 2-AG signaling at
CB1 receptors from embryonic stages has been shown to disrupt
the integrity of the septohippocampal pathway as evidenced by
loss of cholinergic processes in the pyramidal layer of the hippo-
campal subfield CA1 (Keimpema et al., 2013). The septohippo-
campal pathway is part of a larger medial septum–hippocampus–
accumbens–ventral pallidum circuit participating in the main-
tenance of consciousness (Leung et al., 2014), and septohippo-
campal lesions can enhance the response to propofol (Laalou et al.,
2008). Therefore, anomalies in the septohippocampal cholinergic
projections supposedly present in MGL knockout mice may also be
responsible for prolongation of propofol-induced LORR in these
animals. These anomalies may also extend to other central choli-
nergic projections intimately involved in maintenance of con-
sciousness and emergence from anesthesia (e.g., thalamocortical,
corticothalamic) (Alkire and Miller, 2005). However, the search for
the exact location of these anomalies is beyond the scope of this
report.

Also, the search for the underlying mechanism (functional or
morphologic) of the observed increased sensitivity to propofol in
MGL knockout mice appears to be more of theoretical rather than
practical value because, given the critical role of the en-
docannabinoid system in brain development, MGL inhibitors are
likely to be avoided in humans during pregnancy. Conversely, gi-
ven their potentially beneficial effects against chronic pain, cancer
and neurodegenerative diseases (Guindon and Hohmann, 2009,
2011; Ligresti et al., 2009), prolonged use of MGL inhibitors in
adults at doses sufficiently large to cause functional antagonism of
the endocannabinoid system is likely. Propofol is the most widely
used intravenous anesthetic agent for induction (Eger, 2004) and is
likely to be considered in patients receiving MGL inhibitors
chronically and scheduled for surgery. Therefore, while establish-
ing a safe dose regimen for this class of drugs remains the first
priority, in patients tolerant to endocannabinoids, adjustment of
induction and maintenance doses of propofol (or perhaps resort-
ing to other anesthetics) may be required.
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