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Several clinical trials have demonstrated the rapid antidepressant
effects of the N-methyl-p-aspartate (NMDA) antagonist ketamine
for the treatment of both major depressive disorder (MDD) and
the depressed state of bipolar disorder.! While these results from
academic settings are promising, generalizability to “real-world”
clinical populations is a looming question. This brief review will
address pragmatic clinical issues and highlight recent developments
regarding ketamine and related compounds for depression.

Background and Basic Pharmacology

In the late 1970s, studies confirmed that NMDA receptors
were genuine synaptic receptors. Research later demonstrated
that NMDA antagonists produced antidepressant-like effects in
animal models of depression.>* These preclinical findings were
complemented by subsequent noteworthy clinical observations*®
with intravenous (IV) ketamine, which was found to produce rapid
antidepressant effects.

Ketamine hydrochloride was synthesized by Parke-Davis in
1963 and approved by the FDA in 1970, primarily as an anes-
thetic agent. Ketamine is a noncompetitive, high-affinity NMDA
antagonist. Most preparations contain equal (1:1) concentrations
of its 2 enantiomers: S(+) ketamine and R(-) ketamine.® While
case reports”® have suggested improved tolerability (fewer psy-
chotomimetic effects) with the S-enantiomer, most clinical trials
have used the racemic mixture. The bioavailability of ketamine is
highest via intravenous and intramuscular (IM) routes (~90%) and
decreases significantly with oral bioavailability (~16%). Ketamine’s
elimination half-life is 2-2.5 hours, and it is N-demethylated by
cytochrome P450 enzymes in the liver.

Efficacy of Ketamine

Most clinical trials of ketamine have been conducted in adults
with treatment-resistant MDD, though some trials have been con-
ducted in patients with bipolar depression.””!! Studies generally
included patients with comorbid anxiety disorders and excluded
those with recent polysubstance dependence histories. Route of
administration has been overwhelmingly IV, and ketamine dosing
has ranged from 0.25 to 0.5 mg/kg for 40-60 minutes. A detailed
review by Aan Het Rot and colleagues! tabulated response rates in
controlled trials and found that at 24 hours postinfusion, 25%-71%
of patients demonstrated a sustained ketamine response—defined
as a >50% reduction in scores on at least 1 measure of depres-
sion; at 72 hours, 14%-50% of patients had maintained response.
A recent study (ClinicalTrials.gov identifier: NCT00768430) was
conducted to address concerns regarding effective blinding and
found that remission rates to ketamine were superior to those for
the active comparator midazolam. The study demonstrated that
35% of patients given ketamine showed signs of remission after
both 1 and 7 days, compared to 8% and 18% for midazolam at the
same time measurements.'?

Preliminary research has been conducted regarding the use of
ketamine for treatment-refractory obsessive-compulsive disorder,'®
and another study is investigating ketamine for posttraumatic stress
disorder (NCT00749203).

Putative Mechanism of Action

Glutamate receptors mediate excitatory responses in the central
nervous system, and their synaptic connections rely on the dynamic
interplay of NMDA, a-amino-3-hydroxy-5-methyl-4-isoxazole pro-
pionate (AMPA), and kainate ionotropic-type glutamate receptors
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along with G-protein-coupled metabotropic receptors. Elegant
preclinical studies have demonstrated that ketamine rapidly acti-
vates the mammalian target of rapamycin (mTOR) pathway, with
concordant increases in synaptic signaling proteins and increased
density and function of new spine synapses in the medial prefron-
tal cortex.!*!> Likewise, stimulation of mTOR signaling has been
shown to depend on the activation of AMPA receptors to maintain
ketamine’s antidepressant effects.!*16

Eukaryotic translation elongation factor 2 and desuppression
of rapid dendritic protein translation, including brain-derived
neurotrophic factor (BDNF), may also be involved in ketamine’s
antidepressant-like properties.!” Likewise, another preclinical
study'® demonstrated that the inhibition of glycogen synthase
kinase-3 was necessary for the antidepressant effect of ketamine in
mice. Interestingly, BDNF may serve as an indicator for ketamine’s
antidepressant response when linked to surrogate markers of cen-
tral synaptic plasticity, such as slow-wave activity during non-rapid
eye movement sleep.!”

While it is beyond the scope of this review to fully address
these issues, it should be noted that ketamine’s ability to enhance
glutamatergic signaling pathways and other secondary pharma-
codynamic effects most likely contributes to the maturation of
synaptic networks, dendritic protein synthesis, and homeostatic
synaptic plasticity.? These dynamic changes underscore some
of the persistent antidepressant effects observed in patients with
treatment-resistant depression.?! For a detailed discussion of the
signaling pathways underlying ketamine’s antidepressant effects,
see Duman et al.?%

Practical Considerations and Future Directions

Safety concerns. Clinically, ketamine has been routinely used
as an anesthetic agent for more than 40 years, with rare reports of
significant cardiorespiratory adverse events; dysphoric emergence
phenomena have been observed in approximately 10%-20% of
cases.?® In recent controlled studies,?*? no serious adverse events
occurred. Adverse events included dissociation, feeling strange, dry
mouth, tachycardia, and increased blood pressure; all ceased within
80 minutes postinfusion. No significant changes were observed with
regard to electrocardiograms, respiration, or laboratory values.

Nevertheless, it is important to emphasize that these studies
included hospitalized patients with close medical monitoring and
collaboration with anesthesiologists. In addition, patients with
unstable medical illnesses or recent substance dependence histo-
ries were excluded. Most controlled studies included patients who
were medication free and had fewer comorbid disorders. These
patients differ significantly from “real-world” patients, who are
often on complex medication regimens and have multiple psychi-
atric comorbidities.

The repeated use of ketamine is an issue of concern because
of the potential for abuse and its long-term effects on cognition.
Dependence on subanesthetic doses has not been observed in clini-
cal trials; however, this concern merits consideration in more natu-
ralistic studies. Urinary tract dysfunction has also been observed in
ketamine abusers.”’” Limited research is available on the repeated
use of ketamine; however, one recent study'® administered up to
6 IV infusions of ketamine (0.5 mg/kg) in an open-label fashion 3
times weekly over a 12-day period to treatment-resistant patients
with depression (N = 24). The overall response rate at the end of the
study was 70.8%, with a median time to relapse of 18 days after the
last ketamine infusion. No increasing trend in psychotomimetic
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effects was observed over the course of the trial, and only one-
third of the participants experienced elevated blood pressure and/
or heart rate. Furthermore, these symptoms returned to baseline
within 4 hours of each infusion and were overall mild and well
tolerated. Another recent 12-month naturalistic observation of
3 patients receiving repeat IV ketamine infusions for treatment-
resistant depression similarly highlights some of the risks, ben-
efits, indications, and contraindications of long-term ketamine
treatment.?®

Interestingly, ketamine has demonstrated the potential ability to
rapidly reduce suicidal ideation in controlled® and open-label stud-
ies (including emergency room settings).?*-3! Adequate tracking
and monitoring of patients from emergency room settings would
be warranted if such future use were implemented.

Optimizing ketamine and other related compounds. Dose-
finding studies are currently being conducted to identify the opti-
mal dose of ketamine (NCT01558063). IM routes may be beneficial
for patients with poor venous access, and intranasal routes are also
being explored (NCT01304147). New studies are also focusing on
predictors/biomarkers of antidepressant response to ketamine.>

Other glutamatergic drugs or next-generation NMDA antago-
nists may provide a means of optimizing ketamine by harnessing its
similar efficacy profile while minimizing its adverse effects. Three
placebo-controlled trials**-** of memantine, a noncompetitive,
low-affinity NMDA antagonist, found no significant antidepressant
efficacy. Two studies®®” evaluated the glutamatergic modulator
riluzole (100-200 mg/d) as an add-on to ketamine. In both stud-
ies, riluzole failed to alter the course of antidepressant response
after ketamine infusion. However, MK-0657, an NR2B-selective
NMDA oral antagonist, dosed daily (4-8 mg/d) for 12 days, showed
antidepressant properties in a small placebo-controlled trial,*® as
assessed by 2 secondary depression rating scales. Another NR2B-
selective NMDA IV antagonist, traxoprodil (CP-101,606) also dis-
played antidepressant efficacy in patients who had not responded
to an SSRL* Finally, in a placebo-controlled, crossover study,* the
low-trapping nonselective NMDA antagonist AZD6765 (150 mg
IV) had rapid and short-lived antidepressant properties without
psychotomimetic effects. Results from larger placebo-controlled,
multicenter trials with AZD6765 are pending (NCT01482221).

Conclusions

Despite the dramatic increase in ketamine research, much work
remains before this agent can be recommended for routine clinical
practice, especially outside a hospital research setting.*! Refine-
ments to its delivery or work with similar compounds may also
produce viable and effective therapeutics for depression. Finally,
while much of the attention has focused on ketamine’s rapid
antidepressant effects and usefulness in patients with treatment-
resistant depression, it may very well be that elucidating ketamine’s
underlying mechanisms of action could ultimately have a more
meaningful impact on the future development of novel therapeutics
for mood disorders.

Author dffiliations: Experimental Therapeutics and Pathophysiology Branch,
Intramural Research Program, National Institute of Mental Health, National Institutes
of Health, and Department of Health and Human Services, Bethesda, Maryland.
Potential conflicts of interest: Dr Zarate is listed as a coinventor on a patent
application for the use of ketamine and its metabolites in major depression.

Dr Zarate has assigned his rights in the patent to the US government but will share
a percentage of any royalties that may be received by the government. Dr Mathews
reports no potential conflict of interest.

Funding/support: Funding for this work was supported by the Intramural Research
Program at the National Institute of Mental Health, National Institutes of Health, and
Department of Health and Human Services (IRP-NIMH-NIH-DHHS) and by a NARSAD
Independent Investigator and the Brain and Behavior Mood Disorders Research
Award to Dr Zarate.

Acknowledgments: loline Henter, MA, National Institute of Mental Health, provided
invaluable editorial assistance. Ms Henter reports no potential conflict of interest.
Corresponding author: Carlos A. Zarate, Jr, MD, 10 Center Dr, CRC, Unit 7 Southeast,
Room 7-3445, Bethesda, MD 20892 (zaratec@mail.nih.gov).

J Clin Psychiatry 74:5, May 2013

ASCP Corner

REFERENCES

. Aan Het Rot M, Zarate CA Jr, Charney DS, et al. Biol Psychiatry. 2012;

72(7):537-547.

. Trullas R, Skolnick P. Eur ] Pharmacol. 1990;185(1):1-10.

. Skolnick P, Layer RT, Popik P, et al. Pharmacopsychiatry. 1996;29(1):23-26.

. Berman RM, Cappiello A, Anand A, et al. Biol Psychiatry. 2000;47(4):351-354.

. Zarate CA Jr, Singh JB, Carlson PJ, et al. Arch Gen Psychiatry.

2006;63(8):856-864.

6. Reich DL, Silvay G. Can ] Anaesth. 1989;36(2):186-197.

7. Paul R, Schaaff N, Padberg F, et al. World ] Biol Psychiatry. 2009;10(3):
241-244.

8. Denk MC, Rewerts C, Holsboer E, et al. Am ] Psychiatry. 2011;168(7):751-752.

9. Mathew §J, Shah A, Lapidus K, et al. CNS Drugs. 2012;26(3):189-204.

10. Murrough JW, Perez AM, Pillemer S, et al. Rapid and longer-term
antidepressant effects of repeated ketamine infusions in treatment-resistant
major depression [published online ahead of print July 30, 2012].

Biol Psychiatry.

11. Mathews DC, Henter ID, Zarate CA. Drugs. 2012;72(10):1313-1333.

12. Dolgin E. Nat Med. 2013;19(1):8.

13. Bloch MH, Wasylink S, Landeros-Weisenberger A, et al. Biol Psychiatry.
2012;72(11):964-970.

14. LiN, Lee B, Liu RJ, et al. Science. 2010;329(5994):959-964.

15. LiN, Liu RJ, Dwyer JM, et al. Biol Psychiatry. 2011;69(8):754-761.

16. Maeng S, Zarate CA Jr, Du ], et al. Biol Psychiatry. 2008;63(4):349-352.

17. Autry AE, Adachi M, Nosyreva E, et al. Nature. 2011;475(7354):91-95.

18. Beurel E, Song L, Jope RS. Mol Psychiatry. 2011;16(11):1068-1070.

19. Duncan WG, Sarasso S, Ferrarelli E, et al. Int | Neuropsychopharmacol.
2012;7:1-11.

20. Kavalali ET, Chung C, Khvotchev M, et al. Physiology (Bethesda).
2011;26(1):45-53.

21. Kavalali ET, Monteggia LM. Am ] Psychiatry. 2012;169(11):1150-1156.

22. Duman RS, Li N. Philos Trans R Soc Lond B Biol Sci. 2012;367(1601):
2475-2484.

23. Duman RS, Li N, Liu R], et al. Neuropharmacology. 2012;62(1):35-41.

24. Strayer RJ, Nelson LS. Am ] Emerg Med. 2008;26(9):985-1028.

25. Zarate CA Jr, Brutsche NE, Ibrahim L, et al. Biol Psychiatry. 2012;
71(11):939-946.

26. Diazgranados N, Ibrahim L, Brutsche NE, et al. Arch Gen Psychiatry.
2010;67(8):793-802.

27. LaiY, Wu S, Ni L, et al. Urol Int. 2012;89(1):93-96.

28. Szymkowicz SM, Finnegan N, Dale RM. A 12-month naturalistic observation
of three patients receiving repeat intravenous ketamine infusions for their
treatment-resistant depression [published online ahead of print November 22,
2012]. ] Affect Disord.

29. DiazGranados N, Ibrahim LA, Brutsche NE, et al. J Clin Psychiatry. 2010;
71(12):1605-1611.

30. Price RB, Nock MK, Charney DS, et al. Biol Psychiatry. 2009;66(5):522-526.

31. Larkin GL, Beautrais AL. Int ] Neuropsychopharmacol. 2011;14(8):1127-1131.

32. Zarate CA Jr, Brutsche N, Laje G, et al. Biol Psychiatry. 2012;72(4):331-338.

33. Zarate CA Jr, Singh JB, Quiroz JA, et al. Am J Psychiatry. 2006;163(1):153-155.

34. Anand A, Gunn AD, Barkay G, et al. Bipolar Disord. 2012;14(1):64-70.

35. Lenze EJ, Skidmore ER, Begley AE, et al. Int ] Geriatr Psychiatry. 2011;
16(10)974-980.

36. Mathew SJ, Murrough JW, aan het Rot M, et al. Int ] Neuropsychopharmacol.
2010;13(1):71-82.

37. Ibrahim L, Diazgranados N, Franco-Chaves J, et al. Neuropsychopharmacology.
2012;37(6):1526-1533.

38. Ibrahim L, Diaz Granados N, Jolkovsky L, et al. J Clin Psychopharmacol. 2012;
32(4):551-557.

39. Preskorn SH, Baker B, Kolluri S, et al. ] Clin Psychopharmacol. 2008;28(6):
631-637.

40. Zarate CA, Mathews D, Ibrahim L, et al. A randomized trial of a low trapping
non-selective N-methyl-D-aspartate (NMDA) channel blocker in major
depression [published online ahead of print November 30, 2012].

Biol Psychiatry.
41. Blier P, Zigman D, Blier J. Biol Psychiatry. 2012;72(4):e11-e12.

—

(S22 SNV )

J Clin Psychiatry 2013;74(5):516-517 (doi:10.4088/JCP.13ac08382)
© Copyright 2013 Physicians Postgraduate Press, Inc.

ASCP Corner offerings are not peer reviewed by the Journal but are
peer reviewed by ASCP.The information contained herein represents
the opinion of the author.

Visit the Society Web site at www.ascpp.org

PSYCHIATRIST.COM =517



