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for citalopram’s antidepressant-like effects
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1. Introduction

Drugs increasing the synaptic availability of monoamines,
including tricyclic antidepressants, selective serotonin reuptake
inhibitors (SSRIs), serotonin and norepinephrine reuptake inhibi-
tors (SNRIs), and dopamine reuptake inhibitors have been used to
treat depression for more than 50 years [36,39]. However, these

traditional antidepressants exhibit low response rates, with about
one-third of major depressive disorder (MDD) patients failing to
attain remission in first course of treatment. More important,
symptom relief requires a response lag time of weeks
[16,38,41]. The treatment guidelines for MDD recommend the
continuous use of antidepressants for 4 to 8 weeks after the initial
beneficial effects due to their delayed onset of response [28]. There-
fore, there is an urgent need to develop novel antidepressants with
fast-acting and better rates of response especially for depressed
patients who are particularly vulnerable to suicide.

Recent clinical studies have shown that ketamine, a non-
selective N-methyl-D-aspartate (NMDA) receptor antagonist,
produces robust, rapid, and sustained antidepressant effects after
the intravenous infusion of a single sub-anesthetic dose in
depressed patients [6,10,26,44,45]. Preclinical studies have also
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A B S T R A C T

Current available antidepressants exhibit low remission rate with a long response lag time. Growing

evidence has demonstrated acute sub-anesthetic dose of ketamine exerts rapid, robust, and lasting

antidepressant effects. However, a long term use of ketamine tends to elicit its adverse reactions. The

present study aimed to investigate the antidepressant-like effects of intermittent and consecutive

administrations of ketamine on chronic unpredictable mild stress (CUMS) rats, and to determine

whether ketamine can redeem the time lag for treatment response of classic antidepressants. The

behavioral responses were assessed by the sucrose preference test, forced swimming test, and open field

test. In the first stage of experiments, all the four treatment regimens of ketamine (10 mg/kg ip, once

daily for 3 or 7 consecutive days, or once every 7 or 3 days, in a total 21 days) showed robust

antidepressant-like effects, with no significant influence on locomotor activity and stereotype behavior

in the CUMS rats. The intermittent administration regimens produced longer antidepressant-like effects

than the consecutive administration regimens and the administration every 7 days presented similar

antidepressant-like effects with less administration times compared with the administration every

3 days. In the second stage of experiments, the combination of ketamine (10 mg/kg ip, once every 7 days)

and citalopram (20 mg/kg po, once daily) for 21 days caused more rapid and sustained antidepressant-

like effects than citalopram administered alone. In summary, repeated sub-anesthestic doses of

ketamine can redeem the time lag for the antidepressant-like effects of citalopram, suggesting the

combination of ketamine and classic antidepressants is a promising regimen for depression with quick

onset time and stable and lasting effects.
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demonstrated that ketamine in sub-anesthetic doses exerts rapid
and long-lasting antidepressant-like effects in rodent models of
depression [7,20,21,23,24,47]. Nevertheless, ketamine has been
shown to induce psychosis in healthy subjects and to exacerbate
psychotic symptoms in individuals affected by schizophrenia, and
has also been abused as an addictive ‘‘club drug’’ [2,32], which largely
limits its clinical utility as a potent antidepressant. The current
research field of ketamine treating depression therefore tends to
focus on seeking a reasonable clinical regimen of ketamine or
exploring other NMDA receptor antagonists as ketamine-like
antidepressants to reduce the occurrence of ketamine’s adverse
reactions. However, preliminary studies have shown that some other
NMDA receptor antagonists can provide antidepressant-like effects
without psychotomimetic or addictive adverse reaction, but their
antidepressant efficacies are not as robust as ketamine’s [15,33].

Several studies have been performed to testify whether
repeated sub-anesthetic doses of ketamine could sustain the same
antidepressant properties of ketamine [1,27,35,37]. A case study of
three patients with high treatment-resistant depression via a
naturalistic observation has shown that the long-term repeated
intravenous ketamine infusions improve the depressive symptoms
of the three cases significantly with good tolerance [37]. Three
previous clinical studies have indicated that six ketamine infusions
over two weeks result in a high response rate and long response
time in a total of 48 treatment-resistant major depression patients
[1,27,35], confirming that the initial ketamine-induced antide-
pressant actions can be maintained by multiple ketamine
administrations. Considering the possible adverse reactions
induced by a long time period of ketamine administrations and
the response lag of classic antidepressants, we hypothesized the
combination of several sub-anesthestic doses of ketamine infu-
sions and consecutive orally uses of classic antidepressants can
produce rapid, sustained, and safe antidepressant-like effects.

However, it remains unknown either intermittent or consecu-
tive ketamine infusions are preferable for MDD patients, moreover,
the antidepressant effects of ketamine can be currently studied
only in a small sample size of depressive patients after a long
period of case recruitment. Therefore, we tended to testify our
hypothesis in a rodent model. In this study, we aimed to determine
which of the following regimens is preferable for the chronic
unpredictable mild stress (CUMS) rats to elicit the antidepressant-
like effects of ketamine: intermittent or consecutive repeated
administrations, and then to investigate whether repeated
ketamine administrations can redeem the time lag of one of the
classic antidepressants, citalopram, serving as an ideal antidepres-
sant regimen.

2. Materials and methods

2.1. Animals

The present study was approved by the Ethics Committee of
Jinling Hospital, and was performed in accordance with the Guide
for the Care and Use of Laboratory Animals from the National
Institutes of Health, USA. Male Sprague-Dawley rats, 7 weeks old,
weighing 230–270 g, were purchased from the Jinling hospital,
Nanjing, China. The rats were housed 5 per cage with food and
water available ad libitum and were maintained on a 12 h light/
dark cycle (lights on at 7:00 am). All the rats involved in the present
study were allowed 7 days to acclimate to the surroundings before
the beginning of experiments.

2.2. Experimental design and drug treatment

The experimental design was shown as Fig. 1A. Before the start
of the CUMS protocol, the animals were weighed and tested in the

1% sucrose intake test (SIT). The impacts of CUMS on rats were
evaluated by the SIT at days 21 and 35 after the start of CUMS, and
the effects of antidepressant treatment were measured by the
forced swimming test (FST) and SIT at days 7, 14 and 21 after the
start of drug interventions. The open field test (OFT) was also
performed at days 7, 14 and 21 after the start of drug interventions.
Moreover, the body weight was measured every 7 days throughout
the stress period and 3 or 4 days throughout the antidepressant
treatment period.

As shown in Fig. 1B, eighty rats were randomly and equally
allocated into total ten groups (n = 8 in each group) in the present
study. In the first stage of experiments, to determine which of the
following four regimens of ketamine is the best for the CUMS rats,
six groups were used to observe the antidepressant-like effects of
ketamine regimens: control rats + saline group (control group),
CUMS rats + saline group (CS group), CUMS rats + ketamine group
(CK1 group, 10 mg/kg, once daily for 7 consecutive days), CUMS
rats + ketamine group (CK2 group, 10 mg/kg, once every 3 days in a
total 21 days), CUMS rats + ketamine group (CK3 group, 10 mg/kg,
once daily for 3 consecutive days), and CUMS rats + ketamine
group (CK4 group, 10 mg/kg, once per week in a total 21 days).

In the second stage of experiments, to investigate whether
repeated ketamine administrations can redeem the time lag of one

Fig. 1. The experimental design and drug treatment. A. The CUMS procedure was

performed for 35 days. Drug treatment was performed for 21 days. The SIT was

performed at baseline, day 21, 35 (T0), 42 (T7), 49 (T14), and 56 (T21). The OFT and

FST were performed at T7, T14, and T21. B. In the first stage, rats were randomly

divided into six groups (n = 8 per group): control group, control rats + saline; CS

group, CUMS rats + saline; CK1 group, CUMS rats + ketamine (10 mg/kg, once daily

for 7 consecutive days); CK2 group, CUMS rats + ketamine (10 mg/kg, once every

3 days in a total 21 days); CK3 group, CUMS rats + ketamine (10 mg/kg, once daily

for 3 consecutive days); and CK4 group, CUMS rats + ketamine (10 mg/kg, once per

week in a total 21 days). In the second stage, rats were randomly divided into four

groups (n = 8 per group): CS group, CUMS rats + saline; CK group, CUMS

rats + ketamine (10 mg/kg, once per week); CC group, CUMS rats + citalopram

(20 mg/kg, per day); and CKC group, CUMS rats + citalopram (20 mg/kg, per

day) + ketamine (10 mg/kg, once per week).
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