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1. Life Sciences併戸時吟河川与 fl77ザー/7~'f， 片付
Possible Involvement of diazepam binding inhibitor and i俗世agment
octadecaneuropeptide in social isolation s位凶s-induceddecrease in penωb訂b註al

sleep in mice 
著者:萱而博、松本欣三、渡遺裕司

2.L約Sciences(in press) 
Involvement of peripheral type of benzodiazepine r民eptorin social isolation stress-
induced decrease in pentobarbital sleep in mice 

著者:萱而博、松本欣三、渡遁裕司

3. Neuroscience Research (in press) 
Diazepam binding in励 itor(DBI) gene expression in the brains of socially isolated 
and group-housed mice 

著者:萱而博、松本欣三、東田道久、金子喜彦、渡遺裕司



3.今後の研究計画

これまでに脳内 GABA-A受容体機能を制御する脳内物質の動態がスト

レス病態発見と密接に関連する可能性を検討していた.今後，脳内 GABA-A受

容体機能を制御する内因性物質候補の動態と薬物誘発睡眠時聞の短縮や攻撃性

などのストレス病態発見との関連性を定量的に解析する.この研究より，内因

性物質の生理的病理学的な役割を突き止められることが期待され，またヒトに

おける慢性的心理的ストレスに起因する疾患の予防，治療法の確立が可能とな

る.更に 内因性物質の活性を調節する和漢薬，伝統薬物，合成医薬品を探索

することによって新しい機序の抗ストレス薬の開発の突破口となるものと期待

される.

4.研究指導者の意見

本研究は、 1)長期隔離飼育ストレスにより内因性リガンドである DBIが中枢性
および末梢性のBDZ受容体に結合し、直接的および間接的にGABAA受容体機能

を低下させ、マウスの PB睡眠を縮短する、 2)隔離ストレスは視床下部DBI遺

伝子レベルの減少をもたらす、ことを明らかにした。

このような隔離飼育ストレスで惹起せれる中枢機能変化の研究が、ストレスに

起因した精神神経疾患の病因解明や治療薬の開発に有用であることを示した点

が評価された。
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隔離飼育ストレス誘発のぺントバノレビ、タール睡眠短縮における

Diazepam Binding Inhibitor (DBI)の役割

萱而博

中国遼寧中医学院薬学部講師

指導教授渡遁裕司

日本富山医科薬科大学和漢薬研究所所長

本研究はストレスに起因する不眠症、うつ病、不安神経症などの発症原因の

解明やそれらの疾患の治療薬の開発に資することを目的として、長期隠離飼育

マウスの情動ストレスモデルとしての有用性を検討したものである。

1 )長期隔離飼育マウスではペントパjレビ、タール(PB)誘発睡眠は短縮されるので、
この PB誘発睡眠を指標として、 diazepambinding inhibitor (DBI)や中枢型のベン

ゾジアゼピン (BZD)受容体措抗薬flum沼enilの作用を検討したが、影響は認め

られなかった。しかし、 flum沼e凶を脳室内投与すると陪離群の PB誘発睡眠の

みが延長され、 DBI前処置により抑制された。他方、 DBIは用量依存的に群居群

マウスの PB誘発睡眠を短縮し、 flumazenilの前処置によりその結果は遮断され

fこo
これらの結果は、長期の隔離飼育によりマウス脳内における DBIの量または

活性の変化が生じ、 GABAA受容体複合体上の中枢性BZD受容体(CBR)を介する

GABAA受容体機能低下し、マウスの PB催眠活性の減少に寄与している可能性

を示唆している。

2)グリア細胞のミトコンドリア膜上に存在する末梢性 BZD受容体(PBR)は、

ニューロステロイド産生を調節し、 GABAA受容体機能に対して間接的に働く事

が知られている。 GABAA受容体の非競合的措抗薬である Pregnenolonesulfateを

脳室内投与すると隠離群の PB睡眠は影響されず、群居群で用量依存的な短縮が

起こった。一方、末梢性BZD受容体作動薬 FGIN-l・27や同措抗薬 PK11195や

pregnenolo~e (神経ステロイドの precursor)は逆に隔離群の PB誘発睡眠のみを

用量依存的に延長した。更に隔離群における FGIN-l・27や PK11195や

Pregnenoloneの効果は単独では作用しないPregnenolonesulfateにより措抗された。

従って、隠離群の脳内では (1)GABAA受容体作動性神経ステロイドの活性

低下、 (2) GABAA受容体作動性神経ステロイドの活性上昇、あるいは (3) 

( 1 )と(2)の両方の変化が生じて GABAA受容体機能低下し、 PB誘発睡眠

が短縮される可能性が推察された。
(3 )脳内の DBlmRNA分布をinsitu hybrid包ation法で測定した結果、 DBI遺

伝子は視床下部や小脳に分布することが明らかとなった。脳内の DBlmRNA量

をRT-PCR法で測定した結果、視床下部の DBI遺伝子量が隔離飼育期間の長さ

に依存して減少することが明らかとなった。この結果は DBI遺伝子が隔離マウ

スにおいて過剰発現するという仮説に反するが、 DBIペプチドによるネガティ



ブフィードバッ夕、 DBIよりも強い活性を持つ他の内因性基質、ストレス関与

ホルモン等による影響のためであると考えられた。視床下部・下垂体・副腎皮質系

は種々のストレス刺激に応じて即座に活性化され、糖質コルチコイドの分泌量

を増加させるので、糖質コルチコイドが脳内における DBI遺伝子発現に影響を

及ぼす因子の一つである可能性がある。

Key words:隔離飼育ストレス(Socialisolation s位回s)，ベンゾジアゼピン受容体

(Benzodiazepine (BZD) rωptor) ， GABAA受容体(GABAAreceptor)， Diazepam binding 

in1nbitor (DBI) ， mRNA， In situ hybridization，ぺントノ'¥}レビタール誘発睡眠

Pentobarbitol・inducedsleep. 



研究報告

Studies on the Involvement of Diazepam Binding Inhibitor (DBI) 

in Social Isolation Stress-induced Decrease in 

Pentobarbital Sleep in Mice 

Social iso凶 ons臨 sαusesa decre錨ein也ehypnotic action of pentobarbi凶 (PB)

in mice. Investigations have rev回led也at也ealteration in PB sleep by也estress is due to 

dysfunction of GABAergic systems in也ebrain， and也atendogenous substance(s) with 

組 inversebenzodiazepine (BZD) re回ptoragonist property play( s) a role in出話alteration.

Diazepam binding inhibitor (DBI)， a polypeptide isolated from m釦unalianbrains， is a 

putative endogenous BZD. r民epωrligand since it h笛 ahigh affinityωBZD receptors， 

negatively modulates GABAA receptor (GABAA-R) function釦 dproduc白
血xiety，

aggression， e位.τbepurpose of也isstudy is to evaluate the possible involvement of DBI 

and octade回neuropeptide(ODN)， a peptide spliced企omDBI， in social isolation-indu白d

decrease in the hypnotic action of PB. 

Section I. Possible Involvement of DBI and Its Fragment ODN in Social 

Isolation Stress-induced Decrease in PB Sleep in Mice 1) 

To t回t血epossible participation of DBI組 dODN in isolation s紅白s-induced

reduction of PB hypnotic activity .in mice， male ddY mice (18・20g， 4 weeks old) were 

either housed in groups or isolated individually for 6 weeks before expe由nents.PB-

induced sleep wぉmeasuredぉ也eduration between the loss of也erigh出.greflex and its 

retum following in回peritoneal(i.p.) injection of PB-Na (50 mg!kg). The t凶tdrugs were 

given in位ac町ebroven凶ωlarly(i.c.v.) 30 min before PB. DBI and ODN (3 and 10 nmol) 

dose-dependently decreased PB-induced sleep in group-housed but not isolated mi∞.10 

m 脳t， f1um沼enil(16.5・33nmol)， a BZD receptor釦旬gonist，reversed出ePB sleep in 

isolated mice to the normal level without a宜ecting也atin group-housed animals.百le

e世記tsof DBI and ODN in group-housed mice w町.esigni自国政lyblocked by flumazenil 

(33 nmol). 10 con臨む出回ep刷 d回 (10nmol) significantly a蜘 uated血ereversing 

e賀町toff1um包enilin isolated mi田.τE岱eresults sugg創出atthe change in也eactivi守

or∞ntent of DBI and ODN in出ebr拍10C∞rsfollowing social isolation釦 d∞n凶but回

p訂tlyω 也edecr回sein出ehypnotic action of PB in mi回 partlyby down-regula出g



GABAA -R functIon via the cen凶 typeBW  recep町 (CBR)on the GABAA-R∞mplex 
(see Fig.1組 d2).
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Fig.l 
E宜'ectsof DBI (A)， ODN (B) and 
flumazenil (C) on pentobarbi也I
sleep in group-housed 組 d
socially isolated mice. Animals 
W町eei出町 group-housed(open 
circles) or socially isolated 
(clo民d circl凶) for 6 vveeks 
before the start of the 
はpe血 ents. DBI (1・10
nmol!mousの， ODN (1・10
nmol!mou吋 orflum沼 enil(0・33
nmol/mousのvvasinjected i心v.
ωgroup-housed 組 d 田cially
isolated mice 30 min before the 
pentobarbital injection (50 mglkg， 
i.pふEachdata point represen也
也emean :!:: S.E.M. A: Fhousing 
∞nditions x DBI (3，69)=4.11， 

P<o.01. B: Fhousing conditions x ODN (3，71)=5.20， p<O.01. C: Fhousing 
condition x flumazenil (2，58)=38.24， P<O.OOl.う<0.05vs. respective 
group-housed animals. #p<0.05 vs. vehicle-仕eatedcontrol. Each datum 
repre民nts血eme組土S.E.M.(n=9・10).
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Interaction between回dogenousBZD 

re田pωrligands， DBI佃 dODN，却d

flumazenil in pentobarbitaI sleep of 

group-h oused 阻d socially iso.lated 

mi低 DBI (A: 3 and C: 10 
nmol/mouse) or ODN (B: 3 and C: 10 

nmol/mouse) was injected ic. v. 10 min 

before the ic. v. injection of flumazenil 

(33 nmoVmouse) or vehicle. Twenty 

min later， pentobarbitaIσo mg/kg) 
was injected i干 A: FDBI (2， 
30)=9.67， p<O.01. B: FODN 
(2，30)=9.07， p<O.01. Each datum 
reprean匂 them回n:1: S.E. M. (n=9・

10). • p<0.05. vs. vehicle aIone. 
均<0.05vs. flum沼田il，DBI or ODN 
aIone. 

Section 11. Involvement of Peripheral Type of Benzodiazepine Receptor in 

Social Isolation Stress-induced Decrease in PB Sleep in Mice 2) 

In con住錨tぬ CBR， peripheral-type BZD recepぬrs (PBR) located on 血e

mitochondrial membrane of glial cells exerts an indirect action on GABAA-R function 

through regula血gneurosteroidogenesis. To clarify the role of PBR in也edecrease in PB 

sleep伺usedby social isolation， FGIN・1・27(FGIN)釦 dPK 11195σK)， PBR agonist 



組d組匂.gonist，組dpregnenolone (P阻 G)，a neurosteroid preωrsor，釦dpregnenolone 

sulfate (PS)， a neurosteroidal negative allosteric modulator of GABAA -R were given i.c. v . 

30 min before PB， r，岱pectively.FGIN， (25・100nmol)， PK (14-28 nmol)，釦dP悶 G

(15-30 nmol) dose-dependently normalized PB sl白pin isolated凶白 withoutaffecting 

也atin group-housed animals. In contrast， PS (24 nmol) reduced也ePB sleep in group-

housed but not isolated mice. PS， at也esame dose， si伊ificantlyatlenuated the e百'ectsof 

FGIN (100 nmol)， PK (28 nmol)組 dPREG (30 nmol) in isolated凶ce，while FGIN 

(100 nmol)， PK (28 nmol)組 dP悶 G(30 nmol) significantly blocked the effect of PS 

(24 nmol) in group-housed mice.百回erl回ultssuggest也atdecrease in也eg回目isof 

neurosteroid(s) with a GABAA-R agonistic profIle regulated by PBR is al~o partly 

impli回.tedin the down regulation of GABAA-R ~ol1owing social isolation and∞n回ibut岱

.to也edeロeaseof PB-induced sle叩inisolated mice. B回ides，FGIN組 dPK， at the doses 

tested， tended to attenuate the DBI or ODN-induced deロeasein PB sleep in group-housed 

mice， sugg凶血g出at出岱epeptid凶 preferentiallyinteract with CBR in the brain笛

shown in Fig.3・7.

Section 111. Benzodiazepine Binding Inhibitor (DBI) Gene Expression in 

The Brains of SociaIly Isolated and Group-housed Mice 3) 

To白ldbiochemi回 1evidence that supports behavioral findings descried above， DBI 

gene expression in the brain of group-housed and isolated mice w錨 exarnined.Consistent 

with the previous reports，也e的 si;加 hybridizationresult showed s仕ongsignals of DBI 

mRNA around the regions of出e也irdven位icle，白pecially血e出ling∞l1s，出earlωate 

nucleus of the hypothalamus and the cerebe11um in bo也 sociallyisolated and group-

housed animals. Unexpectedly， however， semi-qu組 titativeanalysis with RT-PCR 

technique revealed也atisolated mice had significantly less expression of DBI mRNA in 

the hypothalamus也angroup-housed animals and there wぉ nodi首位encein 也e

expression in the other brain are錨 betweentwo groups. In addition， the significant 

decr回sein也egene expr白sionwぉ foundin the mice individually isolated for 2 weeks 

組 d也isdeロeaseparalleled with the decrl回sein PB sleep in也emice isolated for the same 

period. Al血ough出sfmding h訂dlyagr田swith our hypo也凶is也atDBI gene might be 

overexpr国sedin isolated mice， it provid回 evidence也atisolation str凶sa:ffects DBI gene 

expressi∞.百lemost possible mechanism underlying也isdeロeaseof DBI mRNA is血e



Fig.3 
Effects of FGIN on PB-induced sleep 
in group-housed釦 dsocially isolated 
mi∞. Animals were eith町 group-
housed or socially isolated for 6 
weeks before the s也rt of the 
experむ即時. A: FGIN (25・100
nmol!mouse) was injected i.c.v. to 
group-housed (open circl回) or 
socially isolated animals (closed 
circles) 30 min before the PB 
injection (50 mg/kg， i.pふEach
datum point represents the me組主
S.E.M. Fhousing conditions x FGIN 
(3， 57)=7.14， p<0.01 (n=7-9). 
中<0.05vs. respective group-housed 

釦 imals.#p<0.05 vs. vehicle-回 atedcontrol. B釦 dC:お (24nmolJmouse) and 
FGIN (100 nmol) were either given alone or coadmini恥 redi.c.v. to socially 
isolated mice (B) or group-housed mice (C) 30 min before PB (50 mg/kg. i子).
Each datum reprlωents the mean主 S.E.M.of 9・10mice (B) or 8・9mice (C)， 
*p<0.05. 

(A) 

60 

z 

ε40 

2 
噌園

田
z 
号20
2 
由

。

(C) 

6 

a『

(
z
-
E
)
g
 

ワ』

戸
田

zaωω

一ω

一一。-group housed 
一_____socia目ylsolated

。 1 
25 

1 
50 1∞ 

FGIN (nmol， i.c.v.) 

。。 24 0 24 
1∞ 

0 

1∞ 
(nmol， l.c.v.) 

但)

60 -一寸1*
z 
E 
~ 40 

-c) 
z 
a. 
~ 20 
ω 

o 
PS 0 
FGIN 0 

24 
0 

0 
1∞ 

24 
1∞ 

(nmol， l.c.v.) 



Fig.4 
Effects of PK on PB-induced sleep 

in group-housed 組 d socially 

isolated mice. An加alswere either 

group-housed or socially isolated 

for 6 weeks before the start of the 
expe血 ents.A: PK (14-28 nmol) 
W出 injectediιv.句 group-housed

(open circl凶)or socially isolated 
animals (closed circles) 30 min 

before the PB injection (50 mglkg， 
l.pふEachdata point repr回ents
也emean 主 S.E.M. F housing 

∞nditions x PK (2， 53)=4.08， 
p<0.05 (n=9・10). *p<0.05 vs. 
r回pectivegroup-housed animals. 

均<0.05vs. vehicle-回 ated
∞ntrol. B組 dC: PS釦 dPK (24釦 d28 nmol) were coadministered i心 v.to 
socially isolated micc (B) or group-hou部dmicc (C) 30 min before PB (50 

mg/kg). Each datum point r叩時田n悩也emean土 S.E.Mof 9 mice (B) or 8・9

(C)， *p<0.05. 
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Fig.5 
Effect of PREG on PB・induced
sleep in group-housed and 
socially isolated mice. Animals 
were either group-housed or 
socially isolated for 6 weeks 
before the s回rt of the 
expe血 ents.A: P悶 G (15・30
nrnol/mouse) was injected i心v.
to group-hou記 d(open circles) or 
socially isolated animals (closed 
circles) 30 min before the PB 
injection (50 mglkg， i.pふEach
datum point repr回ents也emean 
主 S.E.MFhousing conditions x 
P悶 G(2， 48)=4.05， p<0.05 

(n=9). *p<0.05 vs. respective group-hou田d釦 imals.#p<0.05 vs. vehicle-
回 atedisolated組加als.B担 dC: P悶 Gand PS (30租 d24 nrnol) were 
∞administered to socially isolated miα(B) or group-housed mice (C) 30 
min before PB (50 mglkg). Each datum point repr回ents由eme組主S.E.M
of 9 mice (B) or 8・9mice (C)， *p<0.05. 
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Fig.6 (A) and (B) Effects PK11195 (PK) on pentobarbi凶 sleepin group-
housed mice pre位eatedwith DBI or ODN. Animals were either group-
housed for 6 weeks before the 5匂rtof the experiments. DBI or ODN 
(3nmol) was i吋ected i.c.v. respectively 10 min before PK (28 
nmol/mouse) given and也en20 min later也epentobarb註alinjection (50 
mg/kg， i.p.) was administered. Each datum point repr回ents出emean主
S.E.M (n=9・10).*p<0.05 vs. vehicle treated group. 
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mg/kg， i.p.) was administered. Each datum point repr邸時 themeanま
S.E.M (n=9・10).*p<0.05 vs. vehicle treated group. 
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F.合、も
DBI mRNA distribution in the brain tissue of mice group-housed for 10 weeks. DBI 
mRNA was found around regions of the hypothalamus and cerebellum. A: Brain slice 
hybridized by DBI sense probe; B: Hypothalamus region hybridized by the sense probe， 
in which 3V， AN and ME represent the third ventricle (ependymal cells)， arcuate 
nucleus and median eminence (10 x)， respectively. Whole brain slice (C) and 
hypothalamus section (D) were prepared from group-housed mice and hybridized by 
DBI antisense probe. E and F: Cerebellum regions hybridized by sense probe (E)， or 
antisense probe (F)， respectively~. DBI mRNA was found abundantly in the Purki吋e
layers (arrows， 10 x). 
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Fig. 9 Social isolation str，岱s-inducedchanges in血eDBI gene level in the brain. Mice 

W町eeither group-housed or individually isolated for 6 weeks before the s匂rtofthe 

experiments. DBI mRNA was extracted from the brains of each animal groups. A: 

digitized image ofDBI mRNA (i， lan回 1・5:socially isolated mice; lanes 6-10: group-
housed micのandGAPDH mRNA (ii， lanes 1-3: socially isolated miα; lan回 4・6:
group-housed miα) extracted from the hypo出alamusregion of socially isolated組 d

group-housed mice. B: quantifiαtion of DBI釦 dGAPDH mRNA signals in the 

hypo也alamusregion of group-housed and socially isolated mice. Each da旬 column

repre田n也也emean :!: S.E.M. (n=3-5). *P<0.001 (Student's t -t回t).
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Fig. 10 Social isolation stress-induced cbanges in tbe DBI gene 

level in tbe brain. Mice were eitber group-boused or individually 

isolated for 6 weeks before 出est訂tof the experiments. 

DBlmRNA w邸 extracted企omtbe brains of eacban凶lIma叫1group戸s.
PCR image of DBI mRNA expr閃怠部ssedin t血hehypot白ha叫la但mus(Hypよ
C∞O氏e侃x (にCortよ cerebellum (Celi悶eι.ふ s凶a回m (σS凶よ and 
hippocampus (伺Hip.)of group-housed and socially isolated mice. 

DBI mRNA extracted from each brain region of socially isolated 
(lanes lJ，5，7，md9)and group-POused凶 ce(lanes 2， 4， 6， 

8，and 10) wお包nplifiedas described in the text. 
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Fig. 11 Isolation stress time-dependently induc白 DBIgene level decre ase in 
mice hypothalamic region 



negative feedback regulation by DBI P句tide，0也erendogenous subs凶 α(s)wi也 more

potωacti吋守白血DBI，ors位協明latedhormones (see Fig.8-11). 

Section IV. Corticosterone Modulation in Hypothalamic DBI Gene 

Expression in Mice 4) 

Since the hypotha1amo・pitui凶y-adreno∞出国lax詰ispromptly activated in r凶ponse

to variety of stress釦1stimuli釦 dis duly r凶ponsiblefor the secretion of substantia1 

qu釦.titi時 ofglucocorticoids，社 rais白血epossib出ty也atglucocorti∞ids may be one of 

也efactors也at回na宜ectDBI gene expression in出ebrain. To elucidate this hypothesis， 

ma1eddYmi回 (4weeks old) re田ivedstress-dose of ∞rticosterone (CORT， 1 or 5 mg， 

s.c.) daily for 1， 3佃 d7 days and DBI mRNA level in也ehypo也alamus佃 dthe duration 

.of PB sleep in出回eanimals were m回sured.αledayafter出esingle injection of CORT 

(1組 d5 mg)， 5 but not 1 mg CORT significantly decreased DBI gene level in也e

hypo出a加nus."When the trea回 entw錨 repeatedfor 3 or 7 days， the remarkable reduction 

in DBI gene level appe紅edin也eanima1s injected with 1 mg CORT. In parallel with the 

change in也egene level， PB-indu回dsleep also decreased significantly in CORT・位eated

mice.τ'hese results sugg凶t血atthe decrease in DBI mRNA level in isolated凶cemaybe 

partly due ωa negative regulation by CORT in the brain (as shown in Fig.12・14).
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4‘-DBI 
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Fig. 12 Corticosterone-

induced alteration in 
hypothalamic DBI gene 
level in mice. Mice were 

glven s心 corticosterone for 

1， 3釦 d7 days before the 
S包rtof the experiments. 

RT-PCR images show the 
changes of DBI gene 

following certain interval 

adminis甘ationof the drug. 
To avoid any deviation 

cau田d by sampling， 
GAPDH mRNA w出 used

笛 ainternal control. 
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General Conclusion 

τ'he present findings have clar宙ed由at， 1) DBI， an endogenous BZD ligand， is 

responsible for the deロeasein PB sleep in social isolation mice through directly and 

indirectly down-regulating GABAA-R function by binding to CBR and PBR， 2) isolation 

stress induc時 adecrease in hypothalamic DBI gene level， possibly出rougha negative-

feedback mechanism by which CORT may act鎚 animportant modulator. 
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Diazepam binding inhibitor (DBI) gene expression in the brains of 
socially isolated and group-housed rnice 
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Abstract 

Oiazepam binding inhibitor (OsI)， a putative endogenous polypeptide Iigand for benzodiazepine (BZO) receptors， has been 

shown to act as an inversc BZO receptor agonist in the brain.、;Vepreviously sllggested that thc social isolation stress-induced 

decrease in pcntobarbital sleeping time in mice was partly due to an increase in thc activity of endogenous substances with an 

inverse BZO rcceptor agonist-likc property such as OsI. In this study， we examined whether the OBI gene expression is affccted 

by socially isolatcd stress. Consistent with the previous日ndings，the in situ hybridization result showed very strong signals of OBI 

mRNA around the regions of the third ventricle， especially th巴liningcells， the arcuate nucleus of the hypothalamus and the 、

cerebellum， in both socially isolatcd and group-housed animals. Unexpectedly， however， semi-quantitative experiments with 

reverse transcription-polymerase chain rcaction tcchnique revcaled that socially isolated mie:c had significantly less exprcssion of 

OBI mRNA in the hypothalarnlls than group-housed animals， and no difference in the expression in the other brain areas was 

observed betwecn two anirnal groups.、:Vediscuss thc relationship between the decrease of DBI mRNA expression in the 

hypothalamus and the dccrease of GABAA receptor function following long-term social isolation in mice. (1) 1999 Elsevier Science 

Ireland Ltd. AIl rights reserved. -----ーヲ孔:
KeYlI'ords: 0町 r耐 lA;Diazepam bindi附 n刷刷 (OsI);Inザhybridi川町

1. Introduction 

Our previous sludies have showed that the pentobar-

bital・inducedsleeping time in socially isolated mice is 

significantly shorter than that in group-housed animals 

and the intracerebroventricular (i.c.v.) injection of the 

benzodiazepine (BZD) receptor antagonist f1umazenil 
can normalize the pentobarbital-induced sleeping time 

in isolated mice without affecting the sleep in group-

housed animals (Ojima et al.， 1995; Matsumoto et al.， 

1996; Ojima et al.， 1997). In addition， the effect of an 

inverse BZD receptor agonist FG7142 on pentobarbita1 

sleep in group-housed and socially isolated mice was 

opposite to that of f1umaz巴nil;FG7142 caused a de-

• Corrcsponding author. Tcl.: + 81・764・M・2281;fa:<， + 81・764・J4.
5056; e-mail: mkinzo@ms.toyama.mpu.ac.jp. 

crease in the sleeping time in group-housed mice with-

out changing the sleep in socially isolated mice. Based 

on these findings we hypoth巴sizedlhat endog巴nous

substance(s) with an inverse BZD re田 ptoragol1lsl 

property may be involved in this alteration (Ojima et 

al.， 1997). ~ 

Diazepfim binding inhibitor (DBI) and its spliced 

fragmen~ octadecaneuropeptide (ODN) and triakon・

tatetranらuropeptideσTN)年reputative endog~nous 
BZD r民 eptorligands (Guidotti et al.， 1983; Guidotti， 

1991). Evidence indicates that these peptides negatively 

modulate the GABAA 同ceptorfunction by binding to 

BZD recognition sites (Guidotti et aJ.， 1983) like an 

inverse BZD receptor agonist， and that their effects on 

GABAA reαptors a同 reversedby f1umazenil (Costa， 
1991; Costa and Guidotti， 199り.Recently we found 
that DBI shortened the pentobarbital sIeeping tirne in 

0168・0102/99/S-sce front mattcr 0 1999 Eisevier Scicnce Ircland L!d. AII rights reservcd. 

rll: s 0 1 68・0102(99)00010-J
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group.housed but not in socially isolated mice when 

given i.c.v. and that f1umazenil reversal of pentobarbital 
sleep in socially isolated mice was attenuated by the 

iふv.injection of DBI (Dong et al.， 1998). These find-

ings raise the possibility that DBI plays al1 important 

role町inthe reduction of barbiturate-induced sleep by 

long-teロnsocial isolation. Thus， in the present study， 
we examined the changes in DBI mRNA expression in 

the brains of mice following long-term social isolation 

by an in situ hybridization technique and a reverse 

transcription-polymerase chain reaction (RT-PCR) 

method. 

2. Materials and methods 

2.1. Animals 

Male ddY mice， weighing 18-20 g (Japan SLC， 
Shizuoka， Japan) were obtained at the age of 28 days. 
Animals were either housed in groups of five per cage 

(24 x 17 x 12 cm) or individually isolated in the same 

size Cage. In the in situ hybridization experiments， the 

animals housed in groups or individually isolated for 2， 
4， 6， 8 and 10 weeks were used. For the RT-PCR of 
OBI mRNA， the animals housed in groups or individu-
ally isolated for 6 weeks were used. The housing was 

thermostatically maintained at 24:!: IOC with constant 

humidity (65%) and a 12: 12 h light/dark cyc1e (lights 
on: 07:00-19:00). The mice were given free access to 

food and water. The present studies were conducted in 

accordance with the standards established by the Guide 

for the Care and Use of Laboratory Animals of 

Toyama Medical and Pharmaceutical University. 

2.2. In situ hybridizatiolt 

The DBI cDNA was isolated from the mouse brain 

mRNA by using the RT/PCR method. The sequences 

of the sense and the antisense primers are A TTCG・

GCATCCGTATCAC and' AGCAGAGGT・

TAACGCTGGCCCTAAT which co汀espondto the 

sequences from 13 to 29 and from 393 to 417， respec・
tively (Owens et al.， 1 989h. The resultant purified 405・
bp fragment was inserted fo the pBluescript II KS (ー)
vector which was treatecVwith Eco RV at 370C for 2 h 
followed by Taq polyme/ase with dTTP at 70

0C for 2 h. 

The vector pDBI was <]Ut by samHI at nucleotide 692 
of DBI cDNA for a 7:3 RNA polymerase reaction to 
make antisense RトlA/and by SalI at nucleotide 657 of 
the vector for a T7 JtNA polymerase reaction to make 
sense RNA. The retctions to make these probes were 

performed essentia，lly as described previouslyσohda 
and Walanabe， 19P6). After incubation at 370C for 60 
min， the reaction和ixtureswere further treated with 0.1 
mg/ml DNaseI f~r 15 min， and the reaction mixture 

九1もも巴守弘毛 ~Y'\:陀

was then precipitated with ethanol in the presence of 

0.4 M LiCI and 25 mM  EDTA. Both the digoxigenin-
labeled antisense (T3) and senseσ7) cRNA probes had 

an apparent length of about 500 bp. The resultant 

cRNA was placed into hydration buffer (80 mM  

NaHC03， 60 mM  Na2C03， 6 mM  dithiothreitol) and 
incubated at 600C to generate fragments of about 200-

300 bp. The reaction was terminated by adding 0.3 M 

sodium acetate and 250μg tRNA， and then precipi-
tated with ethanol. The pellet was re-dissolved in sterile 

water and stored at -80oC. In in situ hybridization 

experiments， the mice were killed by decapitation and 
the brain was removed， immediately frozen with pow-
dered dry ice， and stored for 1 day at -80oC. Frozen 
brain sections (16 J.1m thick)‘with the coordinates of A 

2.3 mm from the frontal zero plane according to the 

atlas of Montemurro and Dukelow (197勾 werecut 
using a c庁ostat，mounted onto gelatin-coated slides， 
and air dried. Before hybridization， sections were fixed 
};¥Iith 4% (w/v) paraformaldehyde in phosphate-buffered 

saline (PBS) for 15 min， followed by proteinase K 
treatment (0.5μgjml) and acetylation. The sections 

were dehydrated through a graded ethanol series， 
placed in chloroform to remove fat， treated with 100% 
ethanol and dried. After prehybridization， the sections 
were hybridized overnight with a digoxigenin・labeled

probe in a hybridization buffer consisting of 5 X stan-

dard saline citrate (SSC: 150 mM  NaCI， 17 mM  sodium 
citrate， pH 7.0)， 50% formamide， 2.7 X Oenhardt's 
solution， 10 mM  EDTA， 20 mM  dithiothreitol， 0.25 

mgjml tRNA and 10% dextran sulfate at 550C. The 

hybridized sections were washed with 2 X SSC at 55
0C， 

treated with 50μg/ml Rl、laseAfor 30 min， washed with 
50% formamide/2 x SSC at 550C， dehydrated in 
ethanol and dried. DBI mRNA hybridized with the 

digoxigenin・labeledprobe was detected immunohisto・

chemically using an alkaline phosphatase (AP)・conju-

gated antidigoxigenin antibody with 450 μgfml 

nitroblue tetrazolium and 175μg/m15・bromo・4・chloro-
3・indolyl・phosphateas substrates. 

2.3. RT-PCR ___-the. r.:r i cer; r今注
Total RNA inlhypothalami， cort和制， cerebell帥吟，
striata and hippo'campi of socially isolated and group-

housed mice was extracted with guanidium isothio・

cyanate according to the method of Sambrook et al. 
(1989). Brie日y，first-strand cDNA was synthesized using 
5μg of total RNA from group-housed or s~cially 
isolated animals as a template and antisense probe of 

DBI as a primer; superscript reverse transcriptase was 

used for the PCR .fingerprinting. In addition to the 
template， each PCR reaction contained 0.25 mM  de・
oxynucleoside triphosphate mix， 5μM priI!lers， Taq 
polymerase， PCR -bufTer and 2.2 mM  MgCIA The PCR sw，St.)":， 
primers used were the antisense and sense se'quenαsof 
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DDI described above. Thennal cycling was performed 
using a thermal cycler (PCR Thennal Cycler MP， 
Takara， Tokyo， Japan) and the PCR mixture was am-
plified as follows: one cycle of 940C for 5 min and then 
12-16 cycles of 940C for 1 min， 620C for 2 min， and 
720C for 2 min. These conditions were evaluated by 
electrophoresis， and the curve of optical density of the 
band versus the number of cycles was run. The PCR 
products were electrophoresed on a 3% agarose gel and 
run in a buffer containing 1 mM  EDT A， 40 mM  Tris 
and 20 mM  acetic acid (pH 8.0). The gels were then 
visualized by ethidium bromide staining. The optical 
densities of the bands appeared at 400 bp were deter-
mined using a densitometer (Bio-Rad， Richmond， CA). 
Glyceraldehyde 3・phosphatedehydrogenase (GAPDH) 
mRNA was also detected as internal control. The se-
quences of primer pairs of GAPDH were 5にCCAAG・
GTCATCCATGACAAC・3' (sense) and 
5'-TTACTCC了TGGAGGCCCATGT-3' (antisense). 
The PCR program for GAPDH mRNA was performed 
with 20 thermal cycles similarly to that of DBI. The 
GAPDH mRNA band appeared at about 500 bp. 

2.4. Slalislics 

RT-PCR data from both animal groups were ana-
Iyzed by Student's t-test. Differences with P < 0.05 
were considered significant. 

3. Rcsults 

In the in situ hybridization study， the sites of expres-
sion of DBI mRNA were visualized by the concentra-
tion of purple/blue AP reaction product on brain slices. 
In the brain coronal sections hybridized with the anti-
sense probe， the highest signal (i.e. the areas of dense 
staining) was observed in the third ventricle lining cells 
(ependymal cells) of the hypothalamic region and Purk・
inje layers of the cereb巴lIumin socially isolated and 
group-houscd mice. In addition， the arcuate nuc1eus 
and m巴dianeminence showed considerably high levels 
of DBI mRNA compared with the respective sections 
hybridized with the control scnse probe of DBI mRNA， 
while the cerebral cortex， the mesencephalic and telen-
cephalic regions， the hippocampus and some thalamic 
nuclei exhibited a weak staining (Fig.り.In some brain 
slices， a slight difference in DBI mRNA signal between 
the two animal groups was observed， but it was hard to 
evaluate the difference quantitatively (data not shown). 
To compare in more detai! the DBI mRNA expres-
sion in the brain between group-housed and socially 
isolated mice， a semiquantitative RT-PCR method was 
used. As shown in Fig. 2， the optical density of the DBI 
mR?トN、'lAband wa出sincreased almost linear旬byat least 
16 cycles. Consistent with the data obtained by the 

present in situ hybridization experiments， the hypotha-
lamus and cerebellum exhibited more marked signals of 
DBI mRNA compared to other brain regions in the 
group-housed and so~ially isolated mice. However， the 
comparison of the DBI mRNA expression in the hypo-
thalamus revealed that the socially isolated mice exhib-
ited significantly less DBI mRNA expression than the 
animals housed in groups for the same period， whereas 
both groups exhibited almost the same level of 
GAPDH mRNA (Fig. 3). In contrast， social isolation 
did not affect the expression of DBI mRNA in the 
cerebellum and the cerebral cortex (Fig. 3). The stria-
tum and hippocampus exhibited bands of DBI mRNA 
that were so dim that the comparisons could not be 
made between both group animals. 

4. Discussion 

Our previous study suggested that social isolation 
stress-induced decrease in the hypnotic action of pento・
barbital in mice is partly attributed to the suppression 
of GABAA receptor function， and that this suppression 
is mediated by an increase in the activity of endogenous 
BZD receptor ligand(s) with an inverse agonistic prop-
erty at the GABAA receptor complex and/or the 
changes in neurosteroids capable of modulating the 
GABAA receptor function (Matsumoto et al.， 1996; 
Ojima et al.， 1997; Dong et al.， 1998). Thus， we hypoth-
esized that social isolatiori stress may change the DBI 
gene expression in the brain， since: (i) in vivo and in 
vitro studies have shown that DBI produces invcrse 
BZD receptor agonistic actions via the BZD receptor 
on the GABAA receptor complex (Costa and Guidotti， 
199りand(iりrecentfindings in our laboratory sug-
gested that DBI played an important role in the de-
crease of pentobarbital sleep caused by social isolation 
stress (Dong et al.， 1998). 
To test this hypothesis， we first elucidated the local-
ization of DBI gene in the brains of both group animals 
using in situ hybridization. The distribution pattern of 
DBI mRNA in the mouse brain agreed with the previ-
ous reports (Alho et al.， 1985， 1988; Malagon et al.， 
1993)， indicating that both sense and antisense primers 
synthesized in this study were the same as the ones 
reported (Owens et al.， 1989). However， in situ hy-
bridization results failed to clearly show the differences 
in DBI mRNA expression betw~en the two groups of 
animals. In an attempt to quantitatively evaluate the 
DBI mRNA level， a RT-PCR，iechnique was emp!oyed. 
Unexpectedly， the animals individually isolated for 6 
weeks exhibited significantly less DBI mRNA expres-
sion in the hypothalamus than the animals housed in 
groups for the same period. These findings suggest a 
c10se relationship between the change in the DBI 
mRNA expression and the decrease in GABAergic 
function in socially iso!ated animals. 
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The present result showed that the effect of social 
isolation stress on DBI mRNA expression was not 
ubiquitous in the brain and the expression in the hypo-
thalarnus was found to be most susceptible to long-term 
social isolation stress compared to that in other brnin 
areas. Although we cannot rule out the contribution of 
the 0 BI gene in. the ependymal cells to the social 
isolation stress-induced change in the hypothalamic 
DBI rnRNA content because the hypothalarnic tissue 
used for DBI mRNA extraction was not separated 
from the ependymal cell layer， these findings are very 
interesting since the hypothalamus plays an important 
role in a variety of stress-related responses and DBI in 
this area has been suggested to have a physiological 

role in regulating the onset of behavioral patterns Iike 
anxiety， convulsions， aggression， etc. (Alho et al.， 
(985). 

The unexpected results on DBI rnRNA expression in 
the hypothalarnus of socially isolated mice apparently 
contIict with our previous behavioral findings that en-
dogenous BZD receptor Iigands， such as DBI and/or 
ODN， capable of suppressing the GABAA receptor 
function rnay be overexpressed during a period of social 
isolation stress exposure to mice (Ojirna et al.， 1997; 
Dong et al.， 1998). The exact reason for this dis-
crepancy between present biochernical findings and pre・
vious behavioral results remains unclear， but the social 
isolation-induced decrease in the hypothalamic DBI 

Fig. 1. Osl mRNA distribution in thc brain tissuc of micc group.ho¥lscd for 10 wccks. ODI mRNA was found around rcgions of the 
hypothalamus and ccrcbcllum. (A) Drain slicc hybridized by OsI scnse probe; (3) hypothalamus region hybridized by the scnsc probc， in which 
3V. AN and ME rcprescnt thc third vcntricJc (epcndymal cclls)， arcuate nucJeus and mcdian eminence (10 x). respcctivcly. Whole brain slicc (C) 
and hypothalamlls section (0) werc prcparcd from grollp.housed mice and hybridized by DB! antiscnsc probc. (E，町 Ccrcbcllumregions 
hybridizcd by sensc probc (E)， or antisense probc (町， rcspectively. DDI mRNA w3s found abundantly in thc Purkinje laycrs (arrows， 10 x). 
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role in CRF release through the GABAA receptor in 

the human brain (Roy et al.， 1989). Considering the 
findings that elevated glucocorticoid hormones re-

sponse to stress exert a negative feedback to prevent 

the nervous system from over-reacting to stressful 

stimuli (Munck et al.， 1984)， it could be speculated 
that DBI mRNA expression in the hypothalamus is 

negatively regulated by CRF and/or other hormones 

responsive to the stressful stimuli and that such a 
regulatory mechanism contributes to social isolation-
induced decrease in DBI mRNA expression in the 
same brain region. To clarify such a feedback mecha-
nism of DBI mRNA expression requires mぬsurement

of the hypothalamic DBI mRNA expression at the 
early stag回 ofsocial isolation stress exposure. 

It is also possible that the decrease in DBI mRNA 
expression following long-term social isolation pro-
duces a reduction of DBI peptide in the hypothala-. 
mus and that this decrease may be implicated in 

pentobarbital sleep disorder in isolated mice. Bio-
chemical eviden田 hasdemonstrated that， besides the 
negative allosteric modulation of the GABAA receptor 
via central type BZD r田:eptors，DBI also indirectly 
affect GABAA receptor function by acting on glial 
cell mitochondrial peripheral-type BZD receptor~ ( 
thereby stimulating the production of neur~也、
that positively or negatively modula也β次官AArecep-
tor function (Costa， 1991; Co_;ta-τ自 Guidotti.1991). 
Recently Matsumoto et alHA99~ound that long-term 
social isolation decreased the 1Srain content of allo-
pregnanolone， a positive allosteric modulator of the 
GABAA . receptor and suggested that down regulation 
of the GABAA receptor caused by decrease of allo-
pregnanolone is implicated in the decrease of戸nto-
barbital sleep caused by social isolation stress. Thus， 
a reduction in the DBI content may contribute to. a 
decrease of neurosteroids with positive allosteric ac-

tion on the GADA" receptor， resulting in a decrease 
of GABAA r田eptorfunction in the socially isolated 

animals. This idea， however， confIicts with the data 
obtained from previous behavioral experiments that 
administration of exogenous DBI or ODN to group-
housed animals produced a similar efTect to that of 
social isolation stress; both DBI and ODN decreased 

the duration of pentobarbital sleep and flumazenil re-
versed the action of these peptides (Dong et al.， 
1998). So far， no information is available on whether 
DBI P閃dominantly enhances neurosteroid(s) with 

positive， or negative allosteric action on the GABAA 
receptor. Thus， to clarify the exact relationship be-
tween the changes in DBI mRNA expression and the 

content of DBI peptide in the hypothalamus follow-

ing long-term social isolation rcquires further investi-

gations. Such inv巴stigationsare in progrcss in this 

laboratory. 
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Fig. 2. Amplification kinetics of RT-PCR product (DBI gene) from 
the hypothalami of bolh group-housed and socially isolated mice. 
The thermal cycling was performed by the following program: 1 cycle 
or 94・Cfor 5 min. then 12-16 cyclcs at 94・Cfor 1 min， at 62・Cfor 
2 min. and at 72・Cfor 2 min. Each data point represents the mean 
value of two independent experiments. 
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gene expression seems to be explained by several fac-
tors. First， there is a possibility that other endoge-
nous substances with a more potent suppressive 
action on the GABAA receptor than DBI may b邑
induced by social isolation stress and play an in-
hibitory role in DBI synthesis via a negative feedback 

mechanism. Several DBI fragments such as ODN and 
TTN can be generated by proteolytic c1eavage of DBI 
and exert more potent activity at BZD receptors than 
DBI (Guidotti et al.， 1983， 1986; Slobodyansky et al.， 
1989; Ferrarcse et al.， 1991). In addition， our previ-
ous study demonstrated that ODN produced the 
same action as DBI in terms of pClltobarbital sleep in 
group-housed and socially isolatcd mice and attenu-

ated the normalizing effect of flumazenil on pentobar-
bital sleep in socially isolated animals at the same 

dose range as DBI (Dong et al.， 1998). Thus， it will 
be ve叩 interestingto test whether endogenous sub-
stance(s) with more potent inhibitor activity against 

GABAA receptors than DBI can be induced by the 
isolation stress. 

Secondly， stress-rel.ated hormones such as corti-
cotropin-releasing factor (CR町 and adrenocorti-
cotropic hormone may be involved in the social 

isolation-induced decrease in DBI mRNA expression 

in the hypothalamus. We previously demonstrated 

that decrease of pentobarbital sleep caused by social 

isolation stress was partly due to hyperactivity of cor-
ticotropin-releasing factor systems in the brain (Ojima 

ct al.， 1995) and that this decrease was not attenuated 
by adrenalectomy (Matsumoto et al.， 199の.More-
over， DBI has been suggested to have a facilitating 
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Fig. 3. Social isolation stress.induced changcs in thc sQI gene Icvel in the brain. Mice ゅfぎ~eithcr group-houscd or individually isolated for 6 wecks before the start orihc elCperiments. DDI mRNA w、extractcdfrom the brains o(-6ch animal groups. (̂) Digitized image of DsI mRNA (i， lanes 1-5: socially isolated mice; lanes 6-10: group-~used mice) and GAPDHtRNA (ii， lancs 1-3: socially isolated micc; lanes 4-6: group-housed micc) clCtractcd from the hypothalamus rcgio~ of socially isolated and g'roup-housed micc. (s) Quantilication of DsI and G八PDH
mRNA signals in the hypothalamus region of group.houscq必ndsocially isolated mici._ E瓦chdata column rcpresents the mean土S.E.M.(n -3-5). ・P< 0.001 (Student's I・test).(q DDI mRN八 cxprcssedin-the hypothalamus (Hyp.)， cortelC (Cortふccrcbellum(Cerc.)， striatum (Stri.)， and hippocampus (Hip.)ロfg抑rOI削u削』
lし， 3， 5， 7 and 9) ~nd group-houscd rnice .(Iancs 2， 4， 6， 8 and 10) was amplilied as describcd in the tclCl. 

ln conclusion， we demonstrated for the first time that 
DBI gene expression in mouse brain， especiaJly in the 
hypothalamus region， can be suppressed by long-term 
social isolation stress. This finding provides an evidence 
that DBI is actuaJly involved in shortened pentobarbi-
tal sleep caused by isolation stress in mice. However， 
according to the general biochemical evidence suggest-
ing that level of gene should paraJlel that of its tran-
scripted protein， the present results seemed hardly to 
agree with the findings of our previous behavioral 
findings. To explain it， we discussed the possible mech-
anisms underlying this decrease of DBI mRNA expres-
sion such as a negative feedback regulation of DBI 
mRNA expression by DBI peptide， other endogenous 
substance(s) with more potent activity than DBI， or 
stress-related hormones. Nevcrtheless， further investiga-
tions are required to test these possibilities. 
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