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Antidepressant Efficacy and Dosing
Comparisons of Ketamine Enantiomers:
Response to Hashimoto

TO THE EDITOR: We thank Dr. Hashimoto for commenting
on our recent article (1) in which we demonstrated sustained
antidepressant efficacy following repeated intravenous dos-
ing of racemic ketamine (0.5 mg/kg). We also are grateful
to Dr. Hashimoto for providing us the opportunity to address
the issues raised. Dr.Hashimoto states that theR-enantiomer
of ketamine shows greater potency and longer-lasting anti-
depressant effects than the S-enantiomer of ketamine in
presumptive rodent models of depression. He further cited
his findings that repeated administration of S-ketamine caused
loss of parvalbumin immunoreactivity in the prefrontal cortex
of mouse brain, and on the basis of these findings, suggested
that repeated infusionswith ketamine or S-ketaminemay “have
long-lasting detrimental side effects in the human prefrontal
cortex.”Dr.Hashimotoconcludesthat theR-enantiomermaybe
a better alternative as it may be free of side effects.

We do not agree with Dr. Hashimoto’s suggestions regard-
ing the antidepressant efficacy of either racemic ketamine or
of S-ketamine in humans with major depressive disorder, and
wehavenotbeenable toconfirmthatrepeatedadministrationof
S-ketamine produces neurotoxicity in rodents. Clinical data
from recent studies using S-ketamine have demonstrated a
dose-response relationship, as well as a rapid onset and sus-
tained antidepressant effects, in patients with treatment-
resistant depression and in depressed patients at imminent
risk of suicide:

1) A recent randomized controlled trial (2) showed that
intravenous infusion of S-ketamine produced robust anti-
depressant effects in patients with treatment-resistant de-
pression at dosages of 0.4 mg/kg and 0.2 mg/kg, and the
antidepressant efficacy was sustained for at least 2 weeks
after the last dosage of 0.2mg/kg.The effect sizeswere large
and comparable to those found with racemic ketamine at
0.5 mg/kg in patients with treatment-resistant depression.

2) An independent randomized controlled trial (3) reported
that 28 mg, 56 mg, or 84 mg of intranasal S-ketamine
(dosed twice weekly for 2 weeks) with concomitant oral
antidepressants demonstrated antidepressant efficacy in
an ascending dose-response relationship. Moreover, in
patientswhoparticipated inanopen label extensionphase
from this trial in which they received seven additional
dosages of S-ketamine over 11 weeks, the antidepressant
effect was sustained for the 2-month observation period
following the last dosage of intranasal S-ketamine.

3) In a third randomized controlled trial conducted in de-
pressedpatients at imminent risk for suicide (4), researchers
reported that intranasal S-ketamine at a dosage of 84 mg,
along with standard of care antidepressant therapy, showed
efficacy that lasted for at least 8 weeks following the final
treatment in a series of twice-weekly dosages administered
across 4 weeks.

Moreover, a recent preclinical study from the National
Institute of Mental Health showed that a single injection of
S-ketamine produced a robust and rapid antidepressant-
like effect in a chronic corticosterone administration model
of depression and that these effects persisted for weeks (5).

Furthermore, in contrast to Dr. Hashimoto’s suggestion of
long-lasting detrimental side effects in the prefrontal cortex
of humans, until nowanimal toxicology studieswith single or
daily repeated administrations of S-ketaminehave not shown
any evidence of neurotoxicity. Moreover, in patients with
treatment-resistant depression, no deterioration of cognitive
function was seen over 3 months of repeated administration
of S-ketamine.

It is noteworthy that inmost rodent studies, the dosages of
ketamine and its enantiomers have ranged from 10 mg/kg to
30 mg/kg, which are much higher than those used in human
studies of depression (e.g., 0.5 mg/kg for racemic ketamine,
and 0.2 mg/kg and 0.4 mg/kg for S-ketamine). In rodent
studies the higher dosages of these agents also have resulted
in much higher plasma levels than are obtained in humans at
the lower dosages listed above. Thus, caution must be taken
when speculating about therapeutic and toxicity outcomes
in humans based on rodent data obtained under markedly
different dosing regimens.

In conclusion, while the data reported with R-ketamine
may suggest antidepressant-like effects in rodent stress
models, clinical data in humans using R-ketamine are not yet
available. S-ketamine has shown rapid onset and sustained
efficacy both in patients with treatment-resistant depression
and in patients with major depressive disorder at imminent
risk for suicide.Thedosagesused forS-ketamineusuallyhave
been lower than thoseused for racemicketamine in treatment-
resistant depression and appear to be safe and well tolerated
with repeated dosing in humans with mood disorders.
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Down-Regulation of SIRT1Gene Expression in
Major Depressive Disorder

TOTHEEDITOR:Major depressive disorder is one of the most
prevalent mental health disorders and a leading cause of
disability worldwide. Although major depressive disorder
has a relatively high heritability, which has been estimated to
be around 0.32 (1), the genes contributing to risk of major
depressive disorder remain largely unknown. A recent large-
scale genome-wide association study (including 5,303 case
subjects and 5,337 control subjects) showed that genetic
variants near the SIRT1 gene are significantly associated
with major depressive disorder (2), suggesting that SIRT1
may play a role in the pathogenesis of major depressive
disorder. To test if the dysregulation of SIRT1 has a role in
major depressive disorder, wemeasured the expression level
of SIRT1 in subjects with major depressive disorder and in
comparison subjects.

Fifty unrelated major depressive disorder subjects who
were not taking medication and 50 comparison subjects (age
and sex-matched) were recruited from Shanghai Mental
Health Center, and peripheral blood samples were collected
between 7:00 a.m. and 9:00 a.m. from fasting patients and
healthy comparison subjects. Detailed information about
sample collection, diagnosis, RNA extraction, reverse tran-
scription, real-time quantitative polymerase chain reaction
(PCR), and statistical analyses can be found in the data
supplement accompanying the online edition of this letter.
Glyceraldehyde-3-phosphate dehydrogenase was used as an
internal control, and the 2-DDCt method (3) was used to
analyze the fold change of quantitative PCR data.

We found that SIRT1 expression is significantly down-
regulated in the peripheral blood of patients with major
depressive disorder compared with comparison subjects
(decreased by 37%) (p53.9831028) (Figure 1). To further
validate our results, we examined SIRT1 expression in the
peripheral blood of major depressive disorder cases and
control subjects using data from a recent large-scale major
depressive disorder expression study (4). Again, we found
that SIRT1 expression is significantly down-regulated in
remitted major depressive disorder cases (cases, N5635;
control subjects, N5331; p55.5031023) compared with
controls. These consistent results suggest that dysregulation
of SIRT1 expression may have a role in major depressive

disorder. Interestingly, a recent animal model study also
found that dysregulation of SIRT1 signaling has a critical role
in depression-like behaviors (5). These convergent lines of
evidence support the idea that dysregulation of SIRT1 ex-
pression may play an important role in major depressive
disorder and suggest that SIRT1may be a potential target for
future therapeutics and diagnostics. Although these results
suggest an important role for SIRT1 in major depressive
disorder, it should be noted that major depressive disorder is
most likely a polygenic phenotype and that many other loci
remain to be discovered beyond SIRT1.
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FIGURE 1. Significant Down-Regulation of SIRT1 Expression in
Major Depressive Disordera
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a Expression of SIRT1 is decreased by 37% in cases of major depressive
disorder relative to comparison subjects.
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