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In recent years, depression studies have focused on morphological changes associated with depression. Brain-de-
rived neurotrophic factor (BDNF) is a neurotrophic factor that plays an important role in the morphological changes
associated with depression and the mechanisms of antidepressants. On the other hand, hyperfunction of the
hypothalamic-pituitary-adrenal axis has been link to pathophysiology of depression. In our previous studies, ACTH-
treated rats served as a valuable animal model of tricyclic antidepressant-resistant depressive conditions. However, few
neuroanatomic studies have been done. In the present study, we investigated mechanisms underling ACTH-treated rat
serving an imipramine treatment-resistant depression model using c-Fos as a marker. The ¢c-Fos immunohistochemical
study indicated that the medial prefrontal cortex is an action site of imipramine in ACTH-treated rats. Electroconvulsive
therapy is considered an effective treatment for treatment-resistant depression. However, the mechanisms causing treat-
ment-resistant depressive conditions are unknown. We investigated the effect of repeated electrical convulsive shock
(ECS) -treatment using the forced swim test, a screening method for antidepressant-like activity, and hippocampal
BDNF protein levels in ACTH-treated rats. Findings showed that repeated ECS treatment decreased the immobility time
during forced swim test. Furthermore, the ECS treatment also markedly increased the hippocampal BDNF levels in the
rat tricyclic antidepressant-resistant depression model. In addition, the repeated ECS treatment showed long-lasting
effects on forced swim test and increased of hippocampal BDNF levels in normal rats. These findings suggest that BDNF
plays a key role in the antidepressant-like effect of ECS and that increased BDNF may be involved in promoting the long-
lasting effect.

Key words——treatment-resistant depression; antidepressant; electrical convulsive shock; brain-derived neurotrophic
factor (BDNF); hypothalamic-pituitary-adrenal (HPA) axis
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Fig. 1. Representative Schematic Diagram of the Medial
Prefrontal Cortex
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Fig. 2. Effect of Imipramine on c-Fos Expression within the Medial Prefrontal Cortex in ACTH-treated Rats
ACTH was administered once daily for 14 days. C-Fos study was performed 30 min after imipramine administration. *p<{0.05, **p<0.01, vs saline group,
Two-way ANOVA followed by Tukey’s multiple comparison test or ¢-test, Mean +S.E., n=3—4.



738

Vol. 127 (2007)

mRNA K OZDQEHOEMS W a5kl & &

12, MR DA (neurogenesis) DEMH H
59,920 ULz, HPA R O iE BT
K9 26 IE D DIRIT 9 % ECS O R FEE
BRI DOWTRARHLENEEZENTWD, £
T, bhbhid ACTH REH G IT X D EREYME
S ORBMETIVICBIT S KIE ECS DIEAZH S
MZT B HMTHEMZIT>7~. ACTH KU imipra-
mine {3 14 HEIXEHK G L, ECSi36 HH 5 Wi
14 HMXEWNEL /2. 5% ECSALEH % Wil im-
ipramine % 5-H @ 24 K, 7 H & 15 H HIZ58 ]
7K ¥kad Bk & BDNF € H 12 55 O sampling 2175
7o, REDKEABR TIIMHEROEE (EE 155
cm &S 1 37cm) I225£1°C O/KZHEE 20cm 12
BAHEDITANS. Ty hEEEOHIZANS &k
NI L KD ET B0, LITH<T5LH
EOOTENERLIBZS. TOREN A OMEER
BB, TabbEIDREBERMRT DFMEELT, Bl
9 DED screening T )L E LU Tl N TS, 2D
B, PO DR EAT D EY TIIA BRI YE
&N %. Figure 3 12 ACTH /£ 57 IVITHIT B K
15 ECS OABFEMIEH O REZ /R Lz, RIE
ECS £ fif 6 HFE O B#12 3511 T Saline Bt D B #13
EZEHL BRI EMIERZ /R L 2. FFIT imipra-
mine OFNENHELEL 72 ACTH EFIICBNT, K
# ECS ldi WA B MERERZ R L. K&
ECS 14 H2IZTHB W T A4k I B 72 A Bh Iy R S
TERMNED 5Nz,

ECS 6 days
*kk

350 [
—_ x
Z 300f
E 250} T [ ] Sham
) =]
= 200 ECS
=
S 150 |
£ 100}

50 [

Saline ACTH

ABHRF R E M (E NI — 3 B FE B & O 3 2R
BEIpZEpfEfEnNTnws, 3hkhbb, O DIE
A3 < BicEhEmE 5 X D7y GREEAl, biav
CERE) THABRMIIEMT 2. T2 T, A8
REfEIC o 2 B & OB A RETT 52010 H FiE
BEZHEL. 6 HXU 14 HH O ECS L&l
Saline % ON ACTH #t 58  H % & @J%’Eﬁi
WL 7z (Fig.4). —7, imipramine @ X {E 5
TIHHFEBREOGEREMEIA NN T
2B, K1 ECS 24 h % OB MGG EHICH
HREHEN -HEGTEIENEZIONIN, KE
ECS ALEEh¥ O A B RE R M ITIT Ik < &0 D
TEOARST, <2720, P¥>JTLEDTS
THHERINTHD, REARHOY >EDOED
7 IR IR R L3 T DITE Y A TR Is 5.

Pi o DT 5-HT, 24K D down regulation % 5@
UT, PiODRERT ZENMEINTNS, B
IZ Kitamura 513 5-HT, Z & KEEFE D (+) -DOI
ko TR XN 5 wet-dog shakes TTEI Z 5 L
7eMiEt 217\, imipramine O REHK GITX D A&
A7 BT wet-dog shakes {TE =I5 Z & 2
HLTWE. D L2 A7), ACTH ZKERIHZEGT 5
& imipramine @ (%) -DOI % 5 wet-dog shakes 17
BT 2 HEMEA IR T 2. 202 &1 im-
ipramine @ K18 % 513 5-HT, Z &K O i gk 2 4 %z
B L, IRERTEEZSNDN, ACTH K&
BENAERICHEIRL TWD I 220D 5.
ZOFEENS, HLUECSHACTH #57v MNZH

ECS 14 days
350 [ * *
% 300 [
250 | I T [ ] Sham
ECS

Immobility time (s
N
S
S

Saline ACTH

Fig. 3. Effect of Repeated ECS Treatment on the Immobility Time in the Forced Swim Test in Saline and ACTH Rats
ECS was administered once daily for 6 or 14 days. Rats were treated with ACTH (100 ug/rat s.c.) once daily for 14 days. Forced swim test was performed 24 h
after last ECS treatment. *p<{0.05, **p<{0.01. Two-way or one-way ANOVA followed by Student’s #-test or Dunnett’s test. Mean+S.E., n=6—9.
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Fig. 4. Effect of Repeated ECS and Imipramine Treatment on Locomor Activity
ECS was administered for 6 or 14 days, and imipramine (10 mg/kg, i.p.) was administered for 14 days. ECS or imipramine was administered 30 min after the
administration of ACTH or saline. Open-field test was performed 24 h after last ECS treatment. *p<0.05, ***p<(0.001. Two-way ANOVA followed by Student’s -

test. Mean+S.E., n=6—9.
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Fig. 5. The Effect of Repeated ECS Treatment for 14 Days on
the (#)-DOI-induced Wet-dog Shake Response in Saline
and ACTH Rats

Rats were treated with ACTH (100 ug/rat s.c.) once daily for 14 days.

ECS treatment was performed 30 min after ACTH or saline treatment.

Measurement of the (#)-DOI-induced wet-dog shake response was per-

formed 24 h after the final treatment with ACTH. **p<{0.01, ***p<0.001,

Two-way ANOVA followed by Student’s ¢-test. Mean+S.E., n=8—9.
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Fig. 6. Effect of Repeated ECS and Imipramine Treatment on the BDNF Protein Level in the Hippocampus in the Saline and ACTH

Rats

ECS was administered for 6 or 14 days, and imipramine (10 mg/kg, i.p.) was administered for 14 days. ECS or imipramine was administered 30 min after the
administration of ACTH or saline. BDNF sampling was performed 24 h after last ECS or imipramine treatment. *p<0.05, **p<{0.01 Two-way ANOVA followed

by Student’s ¢-test. Mean+S.E., n=6—38.
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Fig. 7. Withdrawal Effect from the 14 Days ECS Treatment
on Immobility Time in the Forced Swim Test

ECS was treated for 14 days, and forced swim test was performed 6 h, 1,

3, 5 and 7 day after last ECS treatment. *p<0.05, **p<{0.01 versus sham

control, one-way ANOVA followed by Bonferroni test. Mean+S.E., n=7.
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Fig. 8. Withdrawal Effect from Repeated ECS Treatment on
Locomotor Activity in the Open-field Test

ECS was administered for 14 days, open-field test was performed 6 h, 1,

3, 5 and 7 day after last ECS treatment. *p<0.05, **p<{0.01 versus sham

control , one-way ANOVA followed by Bonferroni test. Mean+S.E., n=7.
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Fig. 9. Persistence of BDNF Increases in the Hippocampus
Following 14 Days ECS Treatment
ECS was administered for 14 days, BDNF sampling was performed 1, 4
and 7 day after last ECS treatment. *p<{0.05, **p<(0.01 versus sham con-
trol, one-way ANOVA followed by Bonferroni test. Mean+S.E., n=38.
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