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Numerous changes in human lifestyle in modern life increase the risk of disease. Especially, modern sleep and die-
tary habits are crucial factors affecting lifestyle disease. In terms of sleep, decreases in total sleep time and in rapid eye
movement sleep time have been observed in attention-deficit/hyperactivity disorder (ADHD) patients. From a dietary
perspective, mastication during eating has several good effects on systemic, mental, and physical functions of the body.
However, few animal experiments have addressed the influence of this decline in sleep duration or of long-term pow-
dered diet feeding on parameters reflecting systemic health. In our studies, we examined both the influence of intermit-
tent sleep deprivation (SD) treatment and long-term powdered diet feeding on emotional behavior in mice, and focused
on the mechanisms underlying these impaired behaviors. Our findings were as follows: SD treatment induced hyper-
noradrenergic and hypodopaminergic states within the frontal cortex. Furthermore, hyperactivity and an explosive num-
ber of jumps were observed. Both the hypernoradrenergic state and the jumps were improved by treatment with ADHD
therapeutic drugs. On the other hand, long-term powdered diet feeding increased social interaction behaviors. The feed-
ing affected the dopaminergic function of the frontal cortex. In addition, the long-term powdered diet fed mice presented
systemic illness signs, such as elevations of blood glucose, and hypertension. This review, describing the SD mice and
long-term powdered diet fed mice can be a useful model for elucidation of the mechanism of neuropsychiatric disorders
or the discovery of new therapeutic targets in combatting effects of the modern lifestyle.
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%, BIRZENZ E1T, D4 ZRIKRIEY D AT,
FHOBE FTirbh b4 —7>7 1 =)V Rido
HERMICPNTHEEBEOHEMMNED 5N &N
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T, JEIRA D4 ZHEARFNHEE T H % PD168077 % 4%
GLlzEZs, BREFBEHIIBNTEDSND
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PD168077 (0.3 % T 1 mg/kg) 3B BERLEEHZ
w720 ZolE, ERAFEERIC 1 mg/kg DM
=D PD168077 %= 5-L /=77, social interaction 17
T B BIZRD 5NN 72,0 Lizhio
T, EHROMEREEFICKDED 5N S social
interaction {TEY DM ZFEIE & U /2 B EITEI O BT
IZ1E, ATSERZE D DA fiftR, KEC D4 SEEKROE
b G-T S rlgEMEAURR S Nz, —7, D4 ZE
KEETFREEOE FNICZZIVaa)F a1 KRR
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TAZHEA ML A AWM LEEE, fEFDOT )L
I)VF A RBEINT s E0nS5HEHH S, 5
2, \IRFICR D ZADOTENT T AF v 7T L— b
2L, TN2EHPEL T &K 0 HIEUREEN 5 i
HTELXIDICHRETHEY IO FIA RO
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ZlLICHKITDMMEREDZE ki, EHMHEAE
TEHEZET> XU ADRTIFEREDZEIZ DN T
Batz2iro/-. Ui, SR G HE), ¥K
BTHBEZITOEY T AL E2%, HY
BREITMEMEZHE L. TOMRE, BREFETF
BER O HERE & BT, FHEAERICIEED LA
HHENY ISICEDED, MARFREBEROLMN
AREICRKREWIENMHHLE. ™ 2, MEARIF
B RS L TEmBENRENT ENS, HE®
WINBEG THHZEIWTERTEIHDEEZ LN
% 507670 Ff= JEHIRI T H o T H MK R F M
PERENZET LI EMHBALZZ &, 20X
IRIREEM EHIRICIED#< 2 LK D RALNDE
FRERANEFEL TN T EIIBGICHRITE 5.

Ranawana 5"1%, b MZB T2 REERIC K
0, MEEHENERCA > A D 25 WD EFNHER M
T, MOZEEZBEGVWI EE2MELTNVWS, Ly
UMM ARZETIE, YU RICBIT 5 EHROmE
BEEBEHICBVWTEERFATH MRS, M
PEREWHDD, IiiFA > AU REIEN &N
IHERMDELNTND. ™ ZOoBRaHE, HBa
MR EDLE TR TITo 2D TR W =, BEEaf
ABEETY, TO30pBOMEN > AU ViREZE
Bat U7z, Z2OfEE, MREEEFOME T > A
COfER, BEREHEEHRIDBELSERDS I ENHS
MmEB-T, T EF, MEREBOEBIUZIZA > A
U MM ERT D ENIWRET E—FL, ¥R
BEFFHO T I LD GWAREENE XS
N5, SSITAMRORRNS, MAREBEER T
MV F IR0 PEREITHEMT S Z EAVH T
LTWnWa. P INsDZ Eid, BEABHERICBT
LithERER T, T BIMEEO EFOFRHICES
T5H0EHEHT S,

—7, MEREFHEHOY T ZADIMEIZDNT, JE
B s (ERTHERED 2 W ThRE 2o 72,
ZTDRER, MOk AR REEIT K O IGHE X
BETIRBRWSEMEERL, SEEIMmE & OPE5E A i
JERARICHEMEZRT ZEMNHBALE. ™ /2, M
BOY RLF U KRUONA & BEEE L T
HERTZENHSHER S LN T, K
TR B W THIBA U 7280 oK £ B 1 O e 1l S0 1 b
REDRET, REIMICIEDHBNA T THD I &
WERT A EEERB SN, 51, Th5D
ZENE, HIESHBEMREONT > XA OHMERFICE 5T
% T ERA N L A AR O SR AHRE D BRIRIRRE & 5%
g 2Z&MsbTFFEIN5. 87

Fransson 580(%, ¥ X{CJ)FaIRX5F0%
BH5UTHE-LZAYRY v JIEGREIYETIVIC
BWTHED SN REIEINMBERERE 1T L T,
glucagon-like peptide-1 (GLP-1) 7oz ol 5
TIVF ROIGIHER 2R Z EEZHSMIL Tnb,
GLP-1 70O 71i2i%, MEEMENENWEEDHA >
2 > Do EHET D1EH, tRIREMER, B
B D WIS O R M N B ICER L COImeE
RIFEEFIEY A7 28T 2IEAAHRE SN TY
.88 IN6DIEEREAT, MABFHEBEIY
22U S 7)LF K (100-200 ug/kg/d) ZHE 158
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Change in life style Sleeping habit Dietary habit

Intermittent sleep

deprivation Powdered diet feeding

Treatments

DA ratio,

NA ratio 1, DA ratio, D4 receptor mRNAY,

in frontal cortex

in frontal cortex
Impaired glucose
tolerance

Abnormal behaviors

Locomotor activity
Number of jumps

Locomotor activity T
Social interaction time T

4

4

Improvement with
for ADHD

Therapeutic agent

D4 receptor agonist
GLP-1 receptor agonist

Fig. 1. Schematic Representation of Abnormal Behaviors Induced by Treatment of Intermittent Sleep Deprivation and Long-term

Powdered Diet Feeding in Mice

Bho 2 #, 1HIRKETFTHETSILEICKDE
B IREE 22k T S ¥ /= & &, social interaction T8
eI D BEIN, AMEKR O I)VF 3250 > QN
KU THEBERAZRTDENITOVW TR 21T
. TORER, VI INF ROEE#RE (200 ug/
kg/d) ZiToZMAREBHETIL, saline D5 %
fro7z# &l U CilnbsfE, mita)lrFaxsro>
JEEE I & O social interaction {TEIOWT N DHE
BlICEAPTHZENHBHALET £, WTHOIHE
HiZBWTH, MEOEBERTIXY Z7I)LF RO
Hgi 5 (200 ug/kg/d) #E KU saline #Hfi % 51
EOMIICERBREZEDONRBN . ZNH6D
ZEnS, RHMOMAREBEETICE > TROSNS
)V F AR5 0O, &SILJE, social interac-
tion fTEIRF O BEHINTIE, WI N BMEERED BN
B L TWSZEDURREI N, 51T, ZORY
I E I ER ST 5 EOERE S 6T &
DHIEST, B THREEORIICOEEG T2 &
MRS Nz,

4. BHYIC

AW TIE, & SOEEKRK, FRC, HERCEY
EOELN & Z R L 7 i E O g £ 5 )L OFE
BEHMICHTEEIT o 72, Y7 ANER L L WriR
A B L AEREITY, TOEEBIZDONWTHRHZTTS
FeRER, TOAMIIED Dy T ITEICREINS
LERIEIRZ & L RETEORBINERIN,

Z#3 ADHD ORI D®HEINS L2 R
WHIL 72, & 5612, TORBUTIIREELEICHT S
NA i DHEAETLIE S O DA ikt DESEER T & o
7= ADHD OJFfEH = & —HT 52055 2
EEHOMILE INsDZ EnG, AT RIT
ADHD JFREFIWET IV & L TOZYHEIREBE I N
o, £, MW EFHOBI AT/ IR HE I
K32 BHEOEMK TIZOWT, fRIOMEICHE
HLMmEE{To2E2 5, RIBMMEARETHEZ
fTo 7=~ A, %8+ social interaction fTH) D
WEWVWS BT EHICEL WALPRD 5N
(Fig. 1). 7, ZOTEIZEITIE DA MR, Hr
W DA ZHRAERNEETHIEZ2HSMNILE &5
12, AR ETEE L2~ 2SI 7E RO &
25, MAEEKROMENEREIC EA TS EbE
RINz. o, AEHERICBT 2 5Kk
JER EFEBIL TWD 2 &S, BERFHERETH S
A VF8HF (GLP-1 70z, UIT)F
R) OEFEGE2TV, T OEESRICDO N THRE
ZfTole & A, mikE, &ILE, WOITEETE
DEITH T HEENRPBO SNz, ZDT &
i, BHIMOH R EEHEIC X DIBEHE D BE U
HREEOHIICEEG T 22 LE2RKT 5 (Fig.
D. bbb, A3, BEEEOILNITERL
TG RREEOBYET IV E L TZEEDH S Z
EMEZENS.
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Dk, b bOAEERL FHZ, HERSREEORL
NZHE L e EE OB E T IERIZ DN
T, TOMEZRN. 4%, IhsoEmETIV
ERWSZEITXD, REBDIFIEA T =X L OSF
B, & 5T RAIBHRIECIR R TN O 2 57
fans.

BE AWRICERL, KGEBRURTHEE, W
BEERD XU RIEERRFLEAR A Rt
A, B M EEEICESHLFEL BT
9. T, BRELZTEXEEHEHESE L EHERRNTE
FERTEIR MHBI A, MBI AL Tk,
FALtR AL R FHE IR LR EIL%eE, HALKZF
B mpERE S e, R AEEREBE e —
FRZGEEICRIB L £, 22T L £ LR
R, 2<OFABROBNHOMERSNIZHDT
HO, ZZIEHHOEEERLXT.
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