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Figure 1.  Locomotor activity rhythms were improved by the TRF regimen. (A) Examples of cage activity rhythms recorded from 
BACHD mutant mice under ad lib (left) and TRF (right) conditions. The activity levels in the actograms were normalized to the same 
scale (85% of the maximum of the most active individual). Each row represents two consecutive days, and the second day is repeated 
at the beginning of the next row. The white/black bars on the top of the actograms and the white/grey shading in the actograms  

(continued)
図１食餌時刻制限による活動リズムの変化
（A）自由摂食（左）、食餌時刻制限（右）
におけるIRセンサによる活動の日内変動。
（B）リズム性の変化、（C）暗期の活動の
割合、（D)活動開始時刻のバラツキ、（E）
活動量。
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turned to in vitro measurements of PER2::LUC in the 
SCN, liver, and heart. Again, we observed robust 
daily rhythms from all 3 regions and found no geno-
typic differences in the amplitude, phase, or good-
ness of fit for the rhythms measured in these 3 
structures (Table 3). The amplitude of the rhythm 

measured from the SCN was reduced in the BACHD, 
but this effect was not significant. We found no sig-
nificant impact of TRF on the amplitude or phase of 
the rhythms measured in the SCN. The peak and 
amplitude of the PER2::LUC rhythm in the heart 
were altered by TRF. Overall, our data indicated that 

Figure 4. TRF alters the peak phase, but not the amplitude, of the PER2::LUC rhythms measured in peripheral organs in vivo. Represen-
tative examples of in vivo imaging performed to measure bioluminescence from the liver and submandibular gland under (A) ad lib and 
(B) TRF conditions. Average bioluminescent measurements at each time point (mean ± SEM) are shown for the (C) liver and (D) kidney. 
(E) The peak phase of the rhythm was shifted by the TRF protocol. (F) The amplitude of the rhythms was not altered. Circles are used to 
indicate data from the ad lib controls while triangles represent data from the TRF group. The vertical bar plots show group means and 
SEM. The symbols show the values from individual animals in each group (BACHD ad lib, circles; BACHD TRF, triangles, WT ad lib, 
diamonds). Asterisks represent significant differences due to TRF regimen compared to BACHD ad lib controls (paired t-tests, p < 0.05, 
n = 5 BACHD and n = 7 BACHD).

図２ 食餌時刻制限による末梢時計PER2::LUCの変化
（A）自由摂食、（B）食餌時刻制限におけるPER2::LUC発光
リズムのイメージング写真例。（C）肝臓、（D）腎臓の発光リ
ズムの平均値。（E）ピーク時刻の変化。（F）振幅の変化。Whittaker et al. / CIRCADIAN-BASED TREATMENT STRATEGY FOR HUNTINGTON’S DISEASE  13

Figure 5. TRF improved motor performance in the BACHD model. (A) The accelerating rotarod test revealed that the TRF treatment 
improved motor performance by showing longer latency to fall. Comparisons between the BACHD cohorts were made using a t-test. (B) 

(continued)
図３ 食餌時刻制限による運動機能の変化
（A）ロータロッド試験における回転棒の滞
在時間。（B）チェレンジングビーム試験に
おけるエラー数。（C,D）それぞれの運動評
価と、活動リズムのリズム性との相関図。
（E）チャレンジングビーム試験結果。



rsƪŘvģwBpqdǁñżdnadAÏÇoae�±�vŭǢT_lwƪŘAŶàª�¤eŀ

ôaǭàŦƸeŀôdŨeƗǽiǉqtwB�

�

čȐβ� HL�SHSM ȅůƌƊųdpsƯŕÇƞƩŶàª�¤eſČaAȋȏŋÜÛȀdpsĠȇ�

� � ¯ŏ¾e !�A.-/30 ¢z�vƎdAHL�SHSM�KR-4HRLH4�LDR2#-�#B4HSH49ȓ�=-ȔųdpsƄĶ

Ŕ´eƞƩŶàǑǹvǄ]wBȅšfƯŕÇeƼÐdĹÓTwȓ�¬�¢prÝ ���KKAĖ ���KKA

´ 
��KK eÅƱȔB¢z�fǴƯdprưi]_dsiAƿƏdǄà`MAǤöTkwf 4: �®�

dpsŶàª�¤eſČnǄfsBſČfAEH2HLF� 2#4D elvueÿ`ĵØrsna`�±�e

ǡǸâvſrAłǩǼǨƮ`ſČ`MsB�

ZƿƏľȋ´dgls !���.-/30 eŭǢ�

� ǧĘeŊōƋāApqdĩōƋād_ſČvǄ]wBvtvtțňǼeĚüTw�±�vǎŗd

ÊƎTwBksA!��� .-/30 ¢z�andAƯŕÇeƞƩŶàfAōőeŶàődȑkAŊőeȆ

ŶàődÆdňÕª�¤iǉqtwBĸędfĆMcėfǉqtch]wBThTA.-/30 ¢z�

fA!� ¢z�dŭiAŶàe}����iǬtAutaƗǽT_ƞƩŶàe}����nǬt_d

wBkwAĩōŕÁ´dgd_nAĸęAª�¤Ĩdf�{��y�dpsėfǉqtch]wB

²ņ`A.-/30 ¢z�`fAƞƩƓƃeńƅâA^kr�±�łiąh]wB�

>ȋȏŋÜÛȀdpsƞƩŶàª�¤eăâ�

� ŧdAčȐȘaíţdAȋȏŋÜvōőeƘw¶ȝŋǼdÛȀT_ȘȗňǼȍƶġdAƞƩŶà

ª�¤vſČTwBueƪŘA!�A.-/30 ¢z�andAǤöTǄàeňÕª�¤iŀôTwBk

wAƯŕÇeƞƩŶàª�¤dnŐĬcŀôiǉqtwBpqdAŊőeƞƩŶàe�±�łiŐ

ĬdŽēT_dwBntfAŊőeŶàAkwfľȋǄàeŽēdpsneaƴfqtwB�

?ƆČeǄà°ƞƩ�y�ËĊƔcƞƩŶàeăâ�

� ntk`f � ÙǼȁ`ȄǏT_dwiA� ƟgMeȄǏdT_Apqd��}ĿĠrsna`A

ǄàaeƗǽvǗiwBueƪŘAHL�SHSM�ȅůƌƊdprǑǹptwƞƩŶàfAľȋAȌŰA

�«±£®�ŋdĂÞTAǤöToũǄAƢy³ircb`fŽērsnaiÙh]wBkwAƯ

ŕÇdf�±�£®ƞƩAx��«�ª®ƞƩiĳĒT_dsnahqAntqeƞƩvǂƊċƔ

dǱńTwȂeƞƩŶàeăâd^d_nǗiwBueƪŘA�±�£®èďÇķĴǂȓ0MN#KHLD�

0�� 2DBDN4M2� #L4#FMLHP4� �/3�		��� ���KF�IF��ƼƻÕĳµAkwf 0���� 2DBDN4M2� #L4#FMLHP4�

2-RNDL4*HUM-�����KF�IF��ƼƻÕĳµȔdprAƯŕÇƞƩŶàfŐĬdÆ´TwBkwA¤�~

ª®Ĩx��«�ª®èďÇķĴǂȓ-42MNHLD���KF�IF��ƼƻÕĳµȔ`fAŊőeĳµelƞƩ

ŶàÆ´ÈƎiǉqtAōőeĳµ`fßŘvƝpch]wBkwAƬȋ;ÖƫȏdpsƯŕÇƞ

ƩŶàeĂÞfA�±�£®èďÇķĴǂd_Ǳńrsnai`MwBp]_ntqečȐhqA

60
70
80
90

100
110
120
130
140
150
160

0 6 12 18 24

M
U

A
 a

ct
iv

ity
 (%

)

Time (ZT, hr)

�����

WT

BACHD

WT BACHD
30

40

50

60

Power rhythmicity (%)

WT BACHD
60

80

100

120

140

Average at ZT0-3

��

60

80

100

120

140

160

180

200

0 6 12 18 24

M
U

A
 a

ct
iv

ity
 (%

)

Time (ZT, hr)

BAC Ad lib

BAC TRF

Ad lib TRF
0

20

40

60

80

Power BACHD (%)
��

Ad lib TRF
0

50

100

150

Peak counts in light phase

�

食餌時刻制限

図４ 食餌時刻制限における線条体神経活動の変化
（A）自由摂食下における線条体神経活動の日内変動。（B）神経活動のリズム性。（C）明期始め（ZT0-3、
ZT0は明期開始時刻、ZT12は暗期開始時刻）における神経活動。（D）BACHDマウスの食餌時刻制限による
神経活動の変化。（E）リズム性。（F）明期のピーク数の変化。
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ZT23.5
Vehicle (saline) i.p.
betaOHB 200 mg/kg i.p.
betaOHB 300 mg/kg i.p.

Activity analysis for 4 days
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