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NMDA receptor blockade at rest triggers rapid
behavioural antidepressant responses
Anita E. Autry', Megumi Adachi\ Elena Nosyreva^ Elisa S. Na\ Maarten F. Los\ Peng-fei Cheng^, Ege T. Kavalali^
& Lisa M. Monteggia'
Clinical studies consistently demonstrate that a single sub-psychomimetic dose of ketamine, an ionotropic glutamatergic NMDAR

(JV-methyl-D-aspartate receptor) antagonist, produces fast-acting
antidepressant responses in patients suffering from major depres

sive disorder, although the underlying mechanism is unclear'"'.
Depressed patients report the alleviation of major depressive dis
order symptoms within two hours of a single, low-dose intravenous
infusion of ketamine, with effects lasting up to two weeks'"', unlike

traditional antidepressants (serotonin re-uptake inhibitors), which

take weeks to reach efficacy. This delay is a major drawback to
current therapies for major depressive disorder and faster-acting
antidepressants are needed, particularly for suicide-risk patients'.
The ability of ketamine to produce rapidly acting, long-lasting anti
depressant responses in depressed patients provides a unique
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opportunity to investigate underlying cellular mechanisms. Here

we show that ketamine and other NMDAR antagonists produce

fast-acting behavioural antidepressant-like effects in mouse models,

and that these effects depend on the rapid synthesis of brain-derived
neurotrophic factor. We find that the ketamine-mediated blockade

of NMDAR at rest deactivates eukaryotic elongation factor 2 (eEF2)
kinase (also called CaMKIII), resulting in reduced eEF2 phosphor
ylation and de-suppression of translation of brain-derived neuro
trophic factor. Furthermore, we find that inhibitors of eEF2 kinase

induce fast-acting behavioural antidepressant-like effects. Our find

ings indicate that the regulation of protein synthesis by spontan

eous neurotransmission may serve as a viable therapeutic target for
the development of fast-acting antidepressants.

We examined the acute effect of ketamine in wild-type C57BL/6
mice and detected notable behavioural responses in antidepressantpredictive tasks, including the forced swim test (FST), noveltysuppressed feeding (NSF) and learned helplessness (Supplementary
Figs la-e and 2a-c)''. Ketamine also produced such responses in a
sucrose consumption test, as weU as in NSF and FST, after chronic

mild stress, an animal model of depression (Supplementary Fig. If-i).
To elucidate the mechanisms underlying the fast-acting antidepressant
action of ketamine, we focused on FST, a test that is predictive of nonmonoaminergic antidepressant efficacy^. We examined the time
course of behavioural antidepressant effects in wild-type mice after a

Figure 11 Time course of NMDAR antagonist-mediated antidepressant-

single, low-dose treatment with ketamine, (5S,10R)-(-l-)-5-methyl-

after acute treatment with ketamine, CPP or MK-801. Independent groups of

10,11-dihydro -5H-dibenzo(a,d)cyclohepten-5,10-imine maleate (MK-

801) or 3-((R)-2-carboxypiperazin-4-yl)-prop-2-enyl-l-phosphonic

acid (CPP) (Fig. la-c). After either 30min or 3h, each NMDAR
antagonist markedly reduced the immobility of mice in FST, when

compared to vehicle-treated animals, indicating that NMDAR
blockade produces fast-acting antidepressant responses. Notably, in
our system, acute treatment with conventional antidepressants did

not produce antidepressant-like FST responses (Supplementary Fig.
3), which may require multiple doses'. The effects of ketamine and
CPP, but not of MK-801, persisted for 24 h (ref. 4) and ketamine's

behavioural effect lasted for 1 week. Acute NMDAR-antagonist

like behavioural effects. Mean immobility ± s.e.m. of C57BL/6 mice in FST
mice were used at each time point and for each drug treatment, to avoid
behavioural habituation. Analysis of variance (ANOVA) = 30.31,
P < 0.0001 for treatment groups; = 19.06, P < 0.0001 for duration of
response; F(9.8i) = 9.32, P< 0.0001 for treatment-duration interaction.

Therefore, we examined treatment effects by time point, a, Ketamine

(3.0 mgkg"') significantly reduced immobility, indicating an antidepressant-

like response, at 30 min, 3 h, 24 h and 1 week, compared to vehicle treatment,

b, CPP (0.5 mgkg-') significantly reduced immobility at 30 min, 3 h and 24 h,
compared to vehicle treatmejit. c, MK-801 (0.1 mgkg"') produced significant

decreases in immobility at 30 min and 3 h compared to veliicle treatment,
n = 10 mice per group per time point; *,P< 0.05. Here and in all figures, error
bars represent s.e.m.
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