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Sustained Expression of Neuritin mRNA After
Repeated Electroconvulsive Stimulations in the
Rat Hippocampal Formation
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ABSTRACT

In the present study, we compared the expression patterns of neuritin mRNA in the
dentate gyrus of hippocampal formation following single (1<ECS) or repeated elctro-
convulsive seizures (8<ECS) treatments to the rat. The expression of neuritin mRNA
was transiently increased, and returned to basal level within 12 hours after 1<ECS.
Whereas initial induction of neuritin mMRNA was similarly seen, these increased mRNA
level was maintained for 24 hours in 8<ECS group. In contrast, induction profile of
BDNF was similar following 1> and 8<ECS. These results suggest that regulation of
neuritin expression may be plastically changed by repeated ECS treatment.
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INTRODUCTION

neuritin (also called cpg15) is an activity-regula-
ted, growth promoting protein exhibiting activity to
promote neuronal development and regeneration
(Nedivi et al., 1998; Fujimo et al., 2008). During the
development, neuritin expression peaks at active
neuritogenic/axonal remodeling periods in the brain
(Nedivi et al., 1996; Harwell et al.,, 2005), and
contributes to the neuromuscular synaptogenesis
(Javeherian and Cline, 2005). In adult brains,
various neural stimulations such as kainic acid,
brainderived neurotrophic factor and light can
induce the neuritin expression (Nedivi et al., 1993;
Nedivi et al., 1996; Gall et al., 1997; Naeve et al.,
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1997), suggesting that the induction of neuritin is
also related to the activity-induced structural chan-
ges in adult brain.

Although the expression of neuritin has been well
known in chemically induced epilepsy model (Naeve
et al, 1997), single KA treatment also induces
neuronal death of several brain regions including
hippocampal formation. Therefore, it is yet uncertain
whether induction of neuritin is directly related to
the KA-induced neuronal plasticity or neuronal dea-
th in vivo. Therefore, here we took advantage of
direct electrical stimulation model. Single electro-
convulsive stimulation (ECS) has been shown to
cause plastic alternations of nervous system without
significant neuronal death. In addition, ECS is
known to induce the expression of activity-related
genes including transcription factors, signaling mole-
cules, and brain-derived neurotrophic factor (BDNF)
(Kim et al., 1994; Nibuya et al., 1995; Sun et al,,
2007). On the other hand, it is believed that mul-



tiple treatments of ECS is required for the alteration
of neuronal circuit including plastic change of mossy
fiber sprouting in the hippocampus (Nibuya et al.,
1995; Vaidya et al.,, 1997; Scott et al., 2000). In
this paper, we examined whether neuritin expres-
sion is also induced by direct electric stimulation of
the brain, and whether repeated vs. single electrical
stimulation evoke different responses in terms of
neuritin expression.

MATERIALS AND METHODS

Animals and treatments

Adult male Sprague-Dawley rats with weight of
200~250 g were stimulated 130 V electrical shocks
for 0.5 sec through the bilateral ear clips using the
Medicraft B-24 (Kim et al., 1994). They were di-
vided into single and repeated ECS groups. Re-
peated ECS group was received single electrical
shock per day for 8 consecutive days. All stimula-
ted rats showed generalized tonic clonic seizure for
5~10 sec. Single ECS group were sacrificed 0.5
hr, 1 hr, 3 hr, 6 hr, 12 hr, 24 hr after ECS and re-
peated ECS group 0.5 hr, 1 hr, 3 hr, 6 hr, 12 hr,
24 hr, 48 hr, 72 hr after the last ECS.

In situ hybridization

The frozen sections of rat brain were taken from
the 4 rats each group and used for In situ hybridi-
zation histochemistry. The 12 #m thick frozen sec-
tions were cut coronally. The transferred tissues to
gelatin-coated slide were post-fixed with 4% parafor-
maldehyde and treated with 0.1 M triethanol amine/
0.9% NaCl (pH 8.0) and 0.25% acetic anhydride for
10 minutes. Following these treatments, the tissues
were dehydrated by ascending ethanol density and
then delipolinosis with chloroform for 5 minutes,
rinsed with ethanol and dried. neuritin cDNA (kind gift
from Prof Young Sung Lee at Hanyang University)
and BDNF cDNA corresponds to 2100~3136 bases
of rat cDNA sequence (Genbank ID AA9262 56)
were subcloned in pGEM vector (Promega) and
%S-labeled riboprobes were prepared by in vitro
transcription with T7 RNA polymerase of cDNA. The
60 12| of labeled riboprobe (1x10” cpm/ml) solution
was added each slide. The slides were kept warm at
35 C for 16 hours, rinsed with SSC, dried and ex-
posed to beta-max hyperfilm (Amersham) for 7 days.
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The autographs were analyzed and pseudocolored
using the automatic analyzer of NIH image version
1.60. Optical densities were changed to nominal
disintegration per minute (dpm) compared to simult-
aneous expressed '‘C standard. Statistical signifi-
cance of the data was analyzed with ANOVA follo-
wed by post hoc test (Dunnett’s test).

RESULTS

Following 1xECS, we observed a rapid induction
of BDNF in the dentate gyrus (DG) as early as 30
min, and this induction was maintained until 12 hr
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Fig. 1. (A) In situ hybridization of the neuritin mRNA expression
after single and repeated ECS in the rat hippocampus. The
different intensity of neuritin mRNA signal was pseudocolored
with blue (weaker) to red (stronger) colors (right of autoradio-
grams). (B, C) Histogram demonstrating the effect of 1xECS (B)
or 8xECS (C) on the abundance of BDNF mRNA (white bar) and
neuritin mRNA (black bar) in rat dentate gyrus region. Values are
meantS.D. from 4 rats in each group. *p<0.001 ANOVA with
Dunnett's t-test, in BDNF mRNA; **p<0.001 ANOVA with Dun-
nett’s t-test, in neuritin mMRNA.



64 Kun Woo Park, et al.

after 1xECS (Fig. 1B). Similar time-course changes
in the BDNF mRNA expression was also observed
following 8xECS treatment (Fig. 1C). However, the
expression of neuritin mRNA following 1xECS vs.
8xECS appeared to be different. Fig. 1A shows
typical autoradiographs of neuritin mRNA signals
and pseudocolored images exhibiting relative mRNA
levels in the hippocampal formation region. Quanti-
fication of the autoradiograph intensities in the den-
tate gyrus (DG) revealed that the expression of ne-
uritin mRNA was also increased 0.5 hr (35%), 1 hr
(38%), 3 hr (56%), and 6 hr (62%) after 1x ECS
with a peak on 3 hr (Fig. 1B). By 12 hours after
1xECS, neuritin mBNAs levels were returned to
basal. On the other hand, the abundance of the
neuritin mBRNA was maximally detected in 3 hours
(66%) after last 8xECS, and the significantly in-
creased level of neuritin mMRNA was sustained until
24 hr after last 8xECS.

DISCUSSION

Neuronal plasticity requires abilities to change
their functional and structural responsiveness to the
stimuli. neuritin is proposed to be closely related to
neuronal plasticity in dentate gyrus (Nedivi et al.,
1993). Based on the results from kainite induced
seizure model, Neave and colleagues proposed that
neuritin could be directly induced by neuronal ac-
tivation induced by glutamateric stimulation, neuro-
nal depolarization or an induction of activity-related
neurotrophic factors such as BDNF (Nedivi et al.,
1998). In consistent with their suggestions, here we
also found that neuritin mRNA expression is in-
creased after direct electrical stimulations in vivo.

Most interesting finding in this study is a pro-
longed expression of neuritin following repeated
ECS treatments. The induction of neuritin ex-
pression was prolonged for 24 hours after repeated
ECS, whereas the induction of neuritin mRNA
expression by ECS returned to basal level within 12
hours after single ECS. The repeated ECS-evoked
prolonged neuritin expression appears to be speci-
fic, because the time-course changes in the BDNF
expression was similar after single and repeated
ECS. Because BDNF level was returned to basal
level far earlier than the reduction of neuritin mRNA
after repeated ECS, these results suggest that

other mechanism(s) may be involved in the sus-
tained neuritin expression. Although exact mecha-
nism underlying this intriguing phenomenon is re-
quired to be identified, these results suggest that
the regulation of the stimulation pathway of the
neuritin may be changed by repeated ECS. It has
been demonstrated that administration of repeated,
but not single, ECS leads to mossy fiber sprouting
in the hippocampus (Nibuya et al., 1995; Smith et
al., 1997; Vaidya et al,, 1999). In depression pa-
tients, the therapeutic effect of ECS was only susta-
ined after repeated electroconvulsive therapy (Nibu-
ya et al.,, 1995; Vaidya et al.,, 1999). These results
suggest that repetitive electrical activation may
promote axonal growth via neuritin expression in vi-
vo, which is required to be elucidated.

ACKNOWLEDGMENTS

This work was supported by Korean Ministry of
Science, Technology grants M103KV010025-07K2201-
02510 (HK). Some of the experiments were tech-
nically supported by the 21 C frontier BRC core-
facility program.

REFERENCES

Fujino T, Wu Z, Lin WC, Philips MA and Nedivi E (2008)
cpg15 and cpg15-2 constitute a family of activity-regulated
ligands expressed differentially in the nervous system to
promote neurite growth and neuronal survival. J Comp
Neurol 507:1831-1845.

Gall CM, Lauterborn JC, Guthrie KM and Stinis CR (1997)
Seizures and the regulation of neurotrophic factor expres-
sion: associations with structural plasticity in epilepsy. Adv
Neurol 72:9-24.

Harwell C, Burbach B, Svoboda K and Nedivi E (2005) Re-
gulation of cpg15 expression during single whisker ex-
perience in the barrel cortex of adult mice. J Neurobiol
65:85-96.

Javaherian A and Cline HT (2005) Coordinated motor neuron
axon growth and neuromuscular synaptogenesis are pro-
moted by CPG15 in vivo. Neuron 45:505-512.

Kim H, Ko JP, Kang UG, Park JB, Kim HL, Lee YH and Kim
YS (1994) Electroconvulsive shock reduces inositol 1, 4, 5-
trisphosphate 3-kinase mRNA expression in rat dentate gy-
rus. J Neurochem 63:1991-1994.

Naeve GS, Ramakrishnan M, Kramer R, Hevroni D, Citri Y
and Theill IE (1997) neuritin: A gene induced by neural
activity and neurotrophins that promotes neuritogenesis.
Proc Natl Acad Sci USA 94:2648-2653.

Nedivi E, Fieldust S, Theill LE and Hevroni D (1996) A set of
genes expressed in response to light in the adult cerebral



cortex and regulated during development. Proc Natl Acad
Sci USA 93:2048-2053.

Nedivi E, Hevroni D, Naot D, Israeli D and Citri Y (1993) Nu-
merous candidate plasticity-related genes revealed by di-
fferential cDNA cloning. Nature 363:718-722.

Nedivi E, Wu GY and Cline HT (1998) Promotion of dendritic
growth by CPG-15, an activity-induced signaling molecule.
Science 281:1863-1866.

Nibuya M, Morinobu S and Duman RS (1995) Regulation of
BDNF and trkB mRNA in rat brain by chronic electro-
convulsive seizure and antidepressant drug treatments. J
Neurosci 15:7539-7547.

Scott BW, Wojtowicz J and Burnham WM (2000) Neuroge-

Expression of Neuritin after ECS 65

nesis in the dentate gyrus of the rat following electro-
convulsive shock seizures. Exp Neurol 165:231-236.

Smith MA, Zhang LX, Ernest LW and Mamounas LA (1997)
Anterograde transport of endogenous brain-derived neuro-
trophic factor in hippocampal mossy fibers. Neuro Report
8:1829-1834.

Sun W, Choi SH, Park SK, Kim SJ, Noh MR, Kim EH, Kim
HJ and Kim H (2007) Identification and characterization of
novel activity-dependent transcription factors in rat cortical
neurons. J Neurochem 100:269-278.

Vaidya VA, Siuciak JA, Du F and Duman RS (1999) Hippo-
campal mossy fiber sprouting induced by chronic electro-
convulsive seizures. Neuroscience 89:157-166.



