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Electroconvulsive Treatment Ameliorates Lipopolysaccharide-induced
Depressive Like Behaviour in Rats
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Background: Major depression (MD) is the most
prevalent mood disorder worldwide. Electroconvul-
sive treatment (ECT) is a highly effective treatment
in psychiatry and shows efficacy in patients who
were resistant to pharmacotherapy. Recent retrospec-
tive cohort studies have shown that ECT is high-
ly effective in ameliorating depressive symptoms.
Similar ECT efficacy has been established also in
various rodent models of MD. To establish further
efficacy of ECT in rodent depression models, we
investigated the effect of ECT on depressive-like
behaviour induced by lipopolysaccharide (LPS) in
rats. Methods: Adult male Sprague-Dawley (SD)
rats were randomly divided into four groups, name-
ly, control, LPS, sham ECT, and LPS + ECT. The
SD rats received intraperitoneal injection of LPS
or sterile saline, followed by ECT or sham treat-
ment for 7 consecutive days. Subsequently, the
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forced swimming test (FST) and Y-maze test were
performed. Results: The FST showed that the im-
mobility time in the LPS group (169.73 + 15.46
s) was significantly longer than that in the control
group (63.16 + 4.48 s). However, ECT adminis-
tration to LPS-injected rats significantly shortened
the prolonged immobility. The Y-maze test showed
a significant decrease in % spontaneous alternation
behaviour (SAB) in the LPS group compared to
the control group. ECT administration to LPS-in-
jected rats significantly restored such a decrease in
% SAB. Conclusions: Our results suggest that re-
peated ECT ameliorated LPS-induced depressive-like
behaviour in SD rats. Further studies are warranted
to elucidate the molecular mechanism of such thera-
peutic effects of ECT.
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INTRODUCTION

Major depression (MD) is the most prevalent mood
disorder worldwide [1]. This mental disorder has
increased social burden with a significant propor-
tion of mortality [2]. MD affects about 280 million
people worldwide [3]. The influences of MD can
be persistent or recurrent and can dramatically affect
a person’s ability to function and live a rewarding
life [4].

Electroconvulsive treatment (ECT) is a highly ef-
fective treatment in psychiatry and shows efficacy in
patients who were resistant to pharmacotherapy [5,
6]. ECT elicits substantial improvement in approxi-
mately 80% of patients [7, 8]. Both the generalized
seizure and the dose of electricity used are believed
to be critical for the therapeutic effect of ECT [9].
However, the exact mechanism of therapeutic action
of ECT remains unknown.

Recent retrospective cohort studies have shown
that ECT is highly effective in ameliorating depres-
sive symptoms with fewer unwanted effects [6, 10].
Similar ECT efficacy has been established also in
depression rodent models, such as MAP6 KO mice
[11] and rats under chronic restraint stress [12].
To establish further efficacy of ECT in rodent de-
pression models, we investigated the effect of ECT
on depressive-like behaviour induced by lipopoly-
saccharide (LPS) in rats. LPS is a well-establish
proinflammatory stimulant to induce depressive-like
behaviour in rodents [13, 14]. The present study
shows that ECT ameliorates LPS- induced depres-

sive-like behaviour in rats.

MATERIALS AND METHODS

Animals

Twenty adult male Sprague-Dawley (SD) rats, six-
week-old were employed. The rats were housed
in groups under standard conditions, namely, 12
h light/12 h dark cycle (lights on from 7:00 to
19:00) at a room temperature (RT) of 23 + 2°C
with a humidity level of 55 £ 5%. One week be-
fore commencing experiments, the rats undertook
a handling procedure once a day to reduce exper-
imental stress. The experimental procedures were
conducted with the approval of the Shimane Uni-

versity Animal Ethics Committee (Authorization No:
1Z31-37), in accordance with the guidelines of the
National Health and Medical Research Council of
Japan.

Reagents

LPS of Escherichia coli (serotype 055: BS5; Sig-
ma-Aldrich) was dissolved into fresh sterile saline
(0.9% NaCl) prior to the administration. All in-
traperitoneal (i.p.) injections were administered at
a volume of 1 ml/kg body weight. The dosage of
LPS was determined based on results of preliminary
tests that examines the LPS effect on rat behaviour.

Intraperitoneal injection procedure

The SD rats received once-daily i.p. injection of
LPS solution or an equal volume of sterile saline
for 7 consecutive days. After identifying the anatom-
ical landmarks of the rat, disinfected through gauze
with 70% alcohol. To avoid hitting such organs as
the liver, bladder, and cecum of rats, i.p. injection
was administrated into the lower right quadrant of

the abdomen.

ECT procedure

The SD rats received once-daily ECT or sham treat-
ment for 7 consecutive days. To avoid stress or
pain induced by the ECT procedure, each rat was
first anesthetized in an isoflurane inhalation chamber
(4% for initial induction) with an oxygen flow rate
of 2—4 L/min. After the rat fell asleep, it was taken
out of the chamber, and anesthesia was continued
by putting an isoflurane inhalation mask (2% for
maintenance) with an oxygen flow rate of 2-4 L/
min. In every ECT, an electric shock was given un-
der such anesthesia. ECT was administered transcra-
nially via bilateral ear clip electrodes by using an
E.C. Stimulator MK-810 (Muromachi Kikai, Tokyo,
Japan). The stimulus was a sine wave pulse, 100 V,
60 Hz, 50 mA for 1.5 s. Each stimulation resulted
in a typical tonic-clonic seizure lasting for less than
10 s. The rats in the sham ECT groups received
sham ECT treatment, including isoflurane anesthesia
and placement of the ear clip electrodes without de-
livery of the electroconvulsive shock.
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Figure 1. Experimental design. Once-daily procedure of LPS i.p. injection and ECT was performed for consecutive 7 days.
After the last LPS injection and ECT, the Y-maze test and the forced swim test were performed.

Experimental design

Experiments were carried out during the light peri-
od. The rats were randomly divided into four groups
(n = 5): control (i.p. injection of saline), LPS
(i.p. injection of LPS), sham ECT (i.p. injection of
saline + sham ECT), and LPS + ECT group (i.p.
injection of LPS + ECT). The i.p. injections of ei-
ther LPS or an equal volume of sterile saline was
carried out once daily in the morning (8:00 to 9:00)
from day 8 to 14 (Fig. 1). ECT was administered
2 hours after the i.p. injection of LPS. Body weight
was monitored and recorded every day before i.p.
injection. The Y-maze test and habituation of forced
swimming test were performed on day 14 after
the last ECT and the forced swimming test (FST)
was performed on the next day. After completing
the behaviour tests, the animals were killed by the
overdose of Carbon dioxide (CO2) in the specific

container.

Behavioural tests

Each SD rat received the behaviour tasks one by
one. In the following description order, the first
Y-maze test, and the habituation of the forced
swimming test was performed on day 14 and a real
forced swimming test was performed on day 15. All
the tests were carried out between 12:00 and 14:00.
The behavioural tests were monitored and recorded
by a digital camera.

Forced swimming test (FST)

The forced swimming test seems suitable for detect-
ing antidepressant-like behaviour activity in rats but
not mice [15]. The swim test involves the count-
ing of active (swimming and climbing) or passive
(immobility) behaviour when rodents are forced to
swim in a cylinder from which there is no escape
[16]. The FST was performed as previously re-
ported with some modifications [13, 17, 18, 19].
Each rat was placed individually and gently in a
plastic cylinder (diameter 19 cm) filled with 10
L water (temperature 25 + 2°C, depth 40 c¢cm) for
two consecutive days. The rat was unable to touch
the top and bottom of the cylinder. After complet-
ing each trial, the rat was dried with a towel and
placed in an incubator to prevent hypothermia, then
returned to the home cage. In addition, the cylin-
der was washed, dried, and refilled with water to
avoid impact on subsequent animals. The rat was
gently placed in water for 15 minutes as habituation
on the first day. The next day, the rat was gently
placed in the water and its behaviour was recorded
on a video camera for 6 minutes. The swimming,
climbing, and immobility time that occurred during
the test was calculated manually by a blind-trained
observer. Rats were considered immobile when they
remained afloat without struggling, were less mov-
ing, and move only to keep their heads above the
surface of the water. Immobility time can be re-
garded as behavioural despair which is supposed to
reflect depressed moods. [20].
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Y-maze test

The spatial working memory of rats was considered
by the Y-maze test after 2 hours of the last ECT
administration based on previously described proce-
dures with some modifications [18, 21]. The maze
apparatus is made of grey opaque polyvinyl chlo-
ride with three arms (500 X 250 X 100 mm3 and
120° apart) (Muromachi Kikai). The apparatus was
cleaned with a 10% ethanol solution and then dried
with a paper towel after each trial to make it odor-
less. Each rat was placed in the middle of one arm
and allowed to move freely through the maze for
8 min. When the rat’s tail was entirely within the
arm, entry was considered to be complete. Alterna-
tion behaviour was defined as successive entries into
all three arms on consecutive occasions. The per-
centage of spontaneous alternation behaviour (SAB)
was calculated according to the following formula:

%SAB = The number of alternation

X 100 %
The total number of arm entries - 2 °

Statistical Analysis

All data were presented as the mean * standard
error of the mean (S.E.M.). We used a one-way
analysis of variance followed by a post hoc Tukey's
honestly significant difference test to evaluate the
differences among groups. The statistical analyses
were performed with SPSS software (IBM SPSS
Statistics for Windows Version 23, SPSS Japan Inc.,
Tokyo, Japan). The p-value was considered as sig-

nificant when less than 0.05.

RESULTS

A change in body weight after experimental proce-
dure

We measured body weight to determine wheth-
er ECT ameliorates appetite loss, which is one of
prominent symptoms of MD. The average body
weight was 263.43 £ 6.89 g in the control group,
258.80 £ 6.20 g in the sham ECT group, 234.26
+ 857 g in the LPS group, and 236.20 = 5.04 g
in the LPS + ECT group (Fig. 2). The rat body
weight in the LPS group was significantly lower
than that of control rats. ECT did not significantly
increase the rat body weight in the LPS group (Fig.
2). These findings suggest that ECT does not re-

280 | I

270
260 +
250

240

Body weight (g)

230

220

210

200

sham ECT LPS

Control LPS+ECT

Figure 2. The effects of ECT on body weight of SD rats.
Each value is the mean = SEM. n=5, *p < 0.05, n.s.,
not significant, ECT, Electroconvulsive treatment, LPS,
lipopolysaccharide.
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Figure 3. The effects of ECT on immobility time in the
forced swim test. Each value is the mean = S.E.M. n=5,
*p < 0.05, n.s., not significant, ECT, Electroconvulsive
treatment, LPS, lipopolysaccharide.

store the appetite loss caused by LPS injection.

Effect of ECT on immobility time in the FST

To evaluate the effect of ECT on depressive-like be-
haviour in LPS-injected rats, we measured immobili-
ty time in the FST. The immobility time in the LPS
group was 169.73 + 15.46 s, which was significant-
ly longer than those in the control group (63.16 +
4.48 s) and the sham ECT group (70.97 + 10.52 s)
(Fig. 3). However, ECT administration to LPS-in-
jected rats significantly shortened the prolonged
immobility time (Fig. 3). ECT on non-injected rats
did not affect immobility time. These findings sug-
gest that ECT improves LPS-induced depressive-like
behaviour.

Effect of ECT on climbing time and swimming
time in the FST
Climbing time in the LPS group (43.62 + 4.20
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Figure 4. The effects of ECT on climbing time in the
forced swim test. Each value is the mean = S.E.M. n =
5, *p < 0.05, n.s., not significant, ECT, Electroconvulsive
treatment, LPS, lipopolysaccharide.
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Figure 5. The effects of ECT on swimming time in the
forced swim test. Each value is the mean = S.E.M. n=5,
*p < 0.05, n.s., not significant, ECT, Electroconvulsive
treatment, LPS, lipopolysaccharide.

s) was significantly shorter than the control group
(73.06 + 7.35 s) and sham ECT group (68.16 +
3.45 s) (Fig. 4). However, ECT on LPS-injected
rats significantly prolonged the climbing time (Fig.
4).

Swimming time in the LPS group (136.44 + 9.66
s) was significantly shorter than that in the control
group (23222 + 5.74 s) and sham ECT group
(222.87 = 9.81 s) (Fig. 5). Nevertheless, ECT on
LPS-injected rats significantly lengthened the swim-
ming time (Fig. 5). These findings also suggest
that ECT improves LPS-induced depressive-like be-

haviour.

Effect of ECT on spontaneous alternation be-
haviour in the Y-maze test

Spatial working memory was examined by SAB in
the Y-maze test. The percentage of SAB was 73.55
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Figure 6. The effects of ECT on spontaneous alternation
behaviour (SAB) in the Y-maze test. Each value is
the mean + S.E.M. n=5, *p < 0.05. SAB, spontaneous
alternation behaviour; ECT, electroconvulsive treatment.

+ 2.73% in the control group, 66.86 = 3.24% in the
sham ECT group, 51.72 + 3.95% in the LPS group,
and 69.27 + 4.10% in the LPS + ECT group (Fig.
6). A significant decrease in % SAB was observed
in the LPS group compared to the control group
(Fig. 6). ECT administration to LPS-injected rats
significantly increased % SAB (Fig. 6). This find-
ing suggests that ECT improved the spatial memory
impairment in rats with LPS-induced depressed-like

behaviour.

DISCUSSION

There are two major findings in the present study.
First, ECT significantly reduced the prolonged im-
mobility time in rats injected with LPS in the FST.
Second, ECT significantly increased a decrease in %
SAB in LPS-injected rats in the Y-maze test. These
findings suggest that ECT significantly ameliorate
the LPS-induced depressive-like behaviour, including
despair and impaired spatial working memory. To
our knowledge, this is the first study showing the
therapeutic effects of ECT on LPS-induced depres-
sive-like behaviour in rats.

The first finding is consistent with the previous
studies of depressive rodent models using FST, in
which ECT significantly shortened immobility time
in MAP6 KO mice [11] and in rats under chronic
restraint stress [12]. Accordingly, ECT may exert
therapeutic effects even in different pathogeneses
associated with MD. Immobility time in the FST
can be regarded as behavioural despair, which is
supposed to reflect depressed moods. The FST on

rodents has been extensively used as a simple ani-
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mal model for investigating the neurobiology of MD
because of its procedural simplicity and its high re-
producibility [22, 23, 24].

MD often impairs working memory, while ECT
has adverse effects such as cognitive deficit [25].
This clinical observation has led to a debate as to
whether cognitive deficit after ECT is side effects
of ECT or an intrinsic pathological component of
major depression. Our result of improvement of spa-
tial working memory impairment after ECT suggests
that cognitive deficit is causally associated with
MD.

In this study, we employed an inflammation-in-
duced depression model to determine ECT efficacy.
Yirmiya et al. (1996) first demonstrated that the
systemic administration of LPS caused depres-
sive-like behavior in rats [26]. A number of animal
studies have demonstrated that systemic inflamma-
tion induced by peripheral administration of LPS in-
creases the expression of pro-inflammatory cytokines
in both the periphery and brain and causes abnormal
behaviour similar to MD [14, 27, 28]. It is not
entirely clarified the manner in which the periphery
communicates with the brain, modulates neurotrans-
mission, and consequently changes behaviour. Nev-
ertheless, several routes of communication between
the systemic immune system and the brain are pos-
tulated [reviewed in 29 and 30].

Increasing evidence suggests that infection and
persistent low-grade inflammation in peripheral tis-
sues play roles in the MD pathogenesis [30]. Peri-
odontitis is the most common inflammatory disease
in adults. Accordingly, treating periodontitis may be
therapeutic for MD.

It is clinically known that many people begin
to notice an improvement in their symptoms after
about six treatments with electroconvulsive therapy
[31]. Our result showed that ECT performed for
consecutive 7 days improved depressive-like be-
haviour. Therefore, our experimental condition of
ECT seems relevant to a clinical setting.

We also found that ECT did not significantly af-
fect the decreased body weight after LPS injection.
Appetite loss is one of the prominent MD symp-
toms. It is clinically recognised that that ECT can
improve such appetite loss. It is, nevertheless, un-

known why ECT under our experimental condition

JERIN

et al.

did not restore the LPS-caused body weight loss.

In conclusion, we demonstrated that repeated ECT
ameliorated LPS-induced depressive-like behaviour
in SD rats. Further studies are clearly warranted to
elucidate the molecular mechanism of such thera-
peutic effects of ECT.
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