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Altered dopaminergic system by environmental enrichment in ADHD model rat
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To investigate the relation between environmental enrichment (EE) during the perio
d of development and formation of emotion, spontaneously hypertensive rat (SHR) were allowed to EE for 5 w
eeks from P25, followed by assessment of emotional behavior and analysis in dopaminergic system focusing o
n cocaine and amphetamine regulated transcript (CART).
In open-field test, total distance (parameter for hyperactivity) and locomotion speed (impulsivity) were d
eceased in EE-grown rats. In cylinder test, more quick adaptation to novelty was shown in EE. CART is enh
anced by EE in the amygdala (Amy) by real-time PCR, and many CART-positive cells was observed in the Amy,
especially in the central nucleus of amygdale (CeA). CART colocalized in GABAergic cells that were not imm
noreactive to parvalbumin and calretinin. Data suggested that EE induced CART expression in CeA that coloc
alized in GABAergic neurons probably relating to decreased hyperactivity and anxiety-like behavior in SHR.
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real-time PCR
(mPFC), (NAC), (Amy),
(Hipo) Trizol RNA
CcDNA ABI Prism 7000
sequence detection system SYBER
Green PCR

CART: sense 5 -GGATGATGCGTCCCATGAG-3' ,
antisense 5 -CAGCGCTTCAATCTGCAACA-3
GAPDH: sense 5 -TGTGTCCGTCGTGGATCTGA-3' ,
antisense 5° CCTGCTTCACCACCTTCTTGA-3

(SE) (EE)

(1so0) SE

™ )
EE

SE iSO

SE (EE)
sniffing

B3 SALBRAEICE3HREORE
BRR{TE

@ ("
12 BRORBAE SNeaZ

- BHZRAET
10
- MRS
s |
6 ] ‘

I l |

4 1 i

)

1 2 3 4

o

25— +ROKE (28)

B2 @ALRAREIC & 3 FRBTHOBT

REITIEERE HITEE (&1 9510)
SEEDIEHE R DISIE
(cm) (m/#)
3000 10
* 9

2500

1500 1

1000
500
o

BERO  @hE MR
B #8 HF
(2m)  (6E) (1)

EREORAAE
- BHGRANE
- I ERIREE

o - Nw s OO N

12 3 4 5 6 7 8 9 10
A5—hEOKE (98)

EE

165( 103, 62)

SE EE Glutathione,
Thiaproline, 2-Deoxyglucose 6-phosphate,
Methionine, noradrenalin,

SE Iso
thiaproline, 3-Metxythylamine, Methionine
sulfoxaide

Noradrenalin EE.>SE>1s0

3-Metoxytylamine  EE=SE<Iso

(mPFC), (NAC),
(Amy) cocaine- and amphetamine-related
transcript(CART)
SE Iso EE Amy
CART mPFC
NAc

B4 @ hEEASEIC & 3CARTREO LR

RIRIFTERATER L2 mBkiE
(MPFC) (NAc) (Amy)

B
4 “\ “l
3
2
1 I'I I'I III Iil
o
SE EE IE

SE EE IE

SE

IE

EE




CART
Amu mPFC ,CART
Amy
CART (CeA)
HS CART®ZEHE
REIFTEEEF DCARTRE RHkEDCARTRE
ol N e
X 2 x4 o
x20 i 7‘}‘( LWy "
B HVEIREEETE B Dinflalimbic cortex < ‘tf‘\ ; -'
120 #CARTIB IR A R S 1= by X -
x40
CART  GABA
CART
parvalbumin
11

Misumi S, Nishigaki R, Ueda Y, Watanabe
Y, Shimizu Y, Ishida A, Jung CG, Hida
H. Differentiation of
oligodendrocytes from mouse induced
pluripotent stem cells without serum.
Transl Stroke Res 4(2), 149-157, 2013.
doi: 10.1007/s12975-012-0250-1

Lee HJ, Yamazaki Y, Tanaka KF, Furuya
K, Sokabe M, Hida H, Takao K, Miyakawa
T, Fujii S, lkenaka K. Increased
astrocytic ATP release resulted in
enhanced ezitability of the
hippocampus Glia, 61(2), 210-24, 2013.
doi: 10.1002/glia.22427

Masuda T, Croom D, Hida H, Kirov SA.
Capillary blood flow around microglial
somata  determines  dynamics of
microglial processes in 1ischemic

conditions. Glia 59(11); 1744-53, 2011.

doi: 10.1002/glia.21220

Ishida A, Tamakoshi K, Hamakawa M,
Shimada H, Nakashima H, Masuda T, Hida
H, Ishida K. Early onset of forced
impaired forelimb use causes recovery
of forelimb skilled motor function but
no effect on gross sensory-motor
function after capsular hemorrhage in
rats. Behav Brain Res 225(1), 126-134,
2011. doi: 10.1016
/j-bbr.2011.06.036

Ishida A, Ueda Y, Ishida K, Misumi S,
Masuda T, Fujita M, Hida H. Minor
neuronal damage and recovered cellular

proliferation in the hippocampus after
continuous unilateral forelimb
restraint in normal rats. J Neurosci
Res 89(6): 457-65, 2011. doi:
10.1002/jnr.22566

12

Shimizu Y, Yokoyama Y, Misumi S, Ishida
A, Jung CG, Hida H. Higher expression
of cocaine and amphetamine regulated
transcript (CART) peptide in the
amygdala rather than the medial
prefrontal cortex in ADHD model rat.

91 2014 3 16-18

Yokoyama Y, Shimizu Y, Ueda Y, Misumi
M, Ishida A, Jung C-G, Yokoi M, Hida H.
Social behavior by umami intake during
the period of development is enhanced
by vagus nerve afferent in ADHD model

rat. 91 2014 3
16-18

2013 10
25-26

Shimizu Y, Yokoyama Y, Misumi S, Ishida
A, Jung CG, Hida H, Behavioral effect
of environmental enrichment on
attention  deficit hyperactivity
disorder model rat: CART expression in
the medial prefrontal cortex and the
amygdala, 2013 06
20~23

Shimizu Y, Nishigaki R, Watanabe Y,
Ueda Y, Misumi S, Masuda T, Hida H.
Hyperactivity is reduced by
environmental enrichment  during
growing period in an ADHD model rat
accompanied with enhanced CART
expression in medial prefrontal cortex.

2012 10 13~17

Yokoyama Y, Shimizu Y, Misumi S, Ishida
A, Yokoi M, Hida H. Oral intake of
monosodium glutamate during growing
period alters social behavior in a rat
model of attention-deficit
/hyperactivity disorder.

, 2012 10 13~17

Shimizu Y, Nishigaki R, Yokoyama Y,
Waatanabe Y, Mizumi S, Hida H.




Decreased anxiety-induced behavior by

environmental enrichment both in SHR

and Wistar rats. 2012
09 18-21

Shimizu Y, Watanabe Y, Yokoyama Y, Cho
R, Misumi S, Masuda T, Hida H. Reduced
hyperactivity with CART expression in
the prefrontal cortex in ADHD model
rats. 89 2012 3
31
Shimizu Y, Cho Y, Nishigaki R, Watanabe
Y, Masuda T, Misumi M, Hida H.
Environmental enrichment in ADHD model
rat: decreased hyperactivity and
impulsivity in young spontaneously
hypertensive rats.
2011 11 15
DC
Shimizu Y, Ueda Y, Cho R, Nishigaki R,
Hida H. Decrease in hyperactivity and
impulsivity by environmental
enrichment in attention deficit
hyperactivity disorder model rat.
34 2011 9 15

ww .med.nagoya-cu.ac. jp/brain-physiol .d

HIDA HIDEKI

MISUMI SACHIYO

MASUDA TADASHI

H JE~H
ISHIDA AKIMASA

H FE~H




