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The mammalian circadian pacemaker resides in the paired suprachiasmatic nuclei (SCN). Clock genes are the genes
that control the circadian rhythms of physiology and behavior. The effectiveness and toxicity of many drugs vary de-
pending on dosing time associated with 24-h rhythms of biochemical, physiological, and behavioral processes under the
control of the circadian clock. However, many drugs are still administered without regard to the time of day. Identifica-
tion of a rhythmic marker for selecting dosing time will lead to improved progress and diffusion of chronophar-
macotherapy. The monitoring of rhythmic markers may be useful in choosing the most appropriate time of day for ad-
ministration of drugs and may increase their therapeutic effects and/or reduce their side effects. On the other hand,
several drugs can cause alterations in 24-h rhythms, leading to illness and altered homeostatic regulation. Here, we show
the disruptive effect of interferon on the rhythm of locomotor activity, body temperature, and clock gene mRNA expres-
sion in the periphery and SCN. The alteration of the clock function, a new concept of adverse effects, can be overcome
by devising a dosing schedule that minimizes adverse drug effects on clock function. Furthermore, to produce new
rhythmicity by manipulating the conditions of living organs using rhythmic administration of altered feeding schedules
or several drugs appears to lead to the new concept of chronopharmacotherapy. One approach to increasing the efficien-
cy of pharmacotherapy is administering drugs at times during which they are best effective and/or tolerated.

Key words——circadian rhythm; clock genes; chronopharmacology; chronopharmacokinetics; chronopharmacother-
apy
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Fig. 1. Model of the Molecular Clockwork in an SCN
Neuron!4—16

Heterodimers of CLK (CLOCK) and BMAL1 (MOP3) activate tran-
scription of clock genes and clock—controlled genes. The CRY (cryp-
tochrome) proteins shut down CLOCK-BMALI transcription in the nucleus
(circle), forming a negative feedback loop (small square) . PER2 stimulates
the transcription of BMALI, forming a positive feedback loop (middle
square) . The phosphorylation of PER1 (period) and PER2 by CKle (casein
kinase I epsilon) may regulate their cellular location and stability. Clock—

controlled genes products, which include PER3, DBP (D-element binding
protein), and AVP (arginine vasopressin), transduce the core oscillation to
downstream output systems.
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Fig. 2. Display in the Form of a 24-hr Clock Diagram of the Approximate Time, in Human Following the Diurnal Activity/Noctur-
nal Sleep, when Physiological or Biochemical Function Shows a Peak!-2"
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Fig. 3. Display in the Form of a 24-hr Clock Diagram of the Approximate Time, in Human Following the Diurnal Activity/Noctur-
nal Sleep Routine, when Symptoms or Events of Diseases are Worst or Most Frequent!-2D
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Fig. 4. Administration—Time Dependent Aspects of Theophylline Disposition in Asthmatic Patients Treated with the Drug (top)2?
Solid line: dosing at 08 : 00. Broken line: dosing at 20 : 00. Each value is the mean with SE of 8 subjects. 24-hr change in peak expiratory flow (PEF) of the 8

asthmatics treated with theophylline (bottom). Solid line: dosing at 08 : 00. Broken line: dosing at 20 : 00. Each value is the mean with SE of 8 subjects. Dosing in

the evening results in a moderation in the nocturnal decline in PEF in comparison to treatment of the same patients with the same dose of drug administered at 08 :

00.
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Fig. 5. 24-hr Rhythm of Physiological Variables Involved in
Chronopharmacokinetic Mechanisms, i.e. Absorption, Dis-
tribution, Metabolism and Elimination2>
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Fig. 6. Strategy of Cancer Chemotherapy Following Dosing Time Associated with Rhythmic Pattern of Drug Sensitivity to Tumor

Cells or Normal Cells

The maximization of the antitumor effect to tumor cells and the minimization of the toxicity to normal cells are important in cancer chemotherapy because an-
titumor drugs can kill normal cells as well as tumor cells. One approach for increasing the efficiency is administration of highly toxic drugs when they are best effec-
tive and/or tolerated. The use of a chronopharmacological strategy can improve tumor response to treatment and overall survival rates and reduce drug toxicities.
The mechanisms underlying the 24-hr rhythm of antitumor effect and cytotoxicity induced by antitumor drugs have been investigated. One of them is considered to
be circadian stage—dependent change in cell cycle distribution. For cell cycle phase—specific antitumor drugs, there is suitable timing for drug administration depend-
ing on cell kinetics. When a phase of cell cycle is different between tumor cells and normal cells, the dosing time is determined easily (left side) . When a phase of cell
cycle is not different between tumor cells and normal cells, the dosing time showing the highest effectiveness means that showing the highest toxicity (right side) .
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Fig. 7. Dosing Time-Dependent Change of Body Weight
Change after CPT-11 (100 mg/kg, i.p.) Injection at 09 :
00 (O), 13:00 (A), 17:00 (O), 21:00 (H), 01:00
(A) or 05:00 (@)3?

Body weight change was calculated as the percentage change for each
mouse from the initial treatment day (day 0) . Each value is the mean with SE

of 10 mice. The body weight change after CPT-11 injection showed a sig-
nificant dosing time—dependent difference (p<{0.01).
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Fig. 8. 24-hr Rhythm of Leukocyte Counts in Control Mice
(O) with Saline or Mice (@) on Day 3 after CPT-11 (100
mg/kg, i.p.) Injection at 09 : 00, 13 : 00, 17 : 00, 21 : 00,
01 : 00 or 05 : 003

Each value is the mean with SE of 10 mice. A significant 24-hr rhythm
dependence was demonstrated for leukocyte counts in both mice with saline

and mice with CPT-11 (p<0.01, respectively) .
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Fig. 9. 24-hr Rhythm of DNA Synthesis in Tumor Cells (@:
Colon-26) and Normal Cells (O: Bone Marrow)

Each value is the mean with SE of 6 mice. A significant 24-hr rhythm de-
pendence was demonstrated for DNA synthesis activity in both cells (p<
0.05, respectively) . A phase of cell cycle is different between tumor cells and
normal cells.

FEHOHB) X LDHFFE LT, ARDOEZIEDH
& DM EIRE, FRROEESE ORI, K728y
BREENAEE O T T 7 —EEROHE Y XL D
BEEnEZALNS.

FEEcDFTRIE, ANMLFH—K (MTX) TH
BHHN, MIX H#HOHEY X LOHFE LT,
e ) & B U 7= AR AR D 2 M D BB S OV N
NOEY DD A EHEH 72 E O BIE O B3I
N KDL DG NE Z 51 5. 303

32. A4 bAA FERERODZ—RIEA T
(G-CSF) 13, ¥EAbEeikis Db H Bk o B8 (2 i,
LB 1E S O HUE A O K &% 5 % ATREIC 9 5 i RY
BREXTHS, Lnl, FEBEEOMHICEL T
DEGEIEY 1 2 77 EMEIEMEAICBE L TOFEM
BEHIRI N TWRW, 22T, JilEEEEEL
<PEHEN TS G-CSF O HEmE2HIE LT,
G-CSF @ H I ERIEMIERIC BIZ THRESY 1 2 > 7
DEZEIZT DN TG L /2. 339

FEEE L THHBEEEK - HREE [
(PREH) £ 07 :00-19:00] S TFTTHEL TS
XA EFHLZ. 09:00,13 : 00,17 : 00,21 : 00,
01 :00,05:00 D 6K DWNTNANIZ, G-CSF
(250 ug/kg, sc) & %\ ig saline & $#K%, HImER
BEINVE AT RIT T B L OB D W THRE L
7z. ERE6Mmownd iz, BEiMEERI% Y
O—HA b A—%—THiIluBEIEZHE L, MAIERE
WEZI R C LR AT L 7=, 07 1 00, 19 : 00 DWW T )
12, G-CSF (250 ug/kg, i.v.) #Z#3EBREMBMICH
MEREZWE L, BEERFRIM THBRE L2, 07!
00,19 : 00 DWINNICHBEMILZHEL, lac-
toperoxidase %= THEFE L 7= [121]-G-CSF & 4°C T2
RN S E L7y — R RS EGRZHIE L.
Scatchard fiE T CHBEER L 7Y —KaxHH
U, A EREURE LI T e at U7z, 07 00, 19 :
00 DWTNMNIT G-CSF % # 3B RRERYI BRI 21T
V), ELISA J£TIfith G-CSF i #HIE Lz, Y
BREMEIZE— A > MEIMETEM L, HERLRMT
et U 7z, G-CSF %3 1% o (9 1f Bk 588 hin /& A
&, WEEHIREN SKEIRETRRERD, 1§H)
MR ERE TR/ R T HRERLIC K DA R ER
MEBDH BN/, £/~ G-CSF O H I EREEINER L,
HMERAE N U BG 0 2 REff+ (07 @ 00) DT,
HIMERDS TR LB S (19 1 00) O3 &b
WL THERICHBLZ (Fig. 10). EMRAE<
Z D M MR % O E B O DNA Sk RR E
FIGLZBERARY XLANED 6Nz, BEHif
%4 & U7s G-CSF @O0 = — ekl i /E i,
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Leukocyte counts (/mm 3)

0 12 24

36 48 60 72
Time (hr)

Fig. 10. Influence of Dosing Time on the Time Course of Leukocyte Counts after G-CSF (250 ug/kg, i.v.) or Saline Injection33-34
Each value is the mean with SE of 10 mice. The leukocyte counts at 24 hr after G-CSF injection was significantly higher in mice injected with the drug at 07 : 00

than at 19 : 00 (p<<0.01).

TEEATE (191 00) &l U TIRE MR (07 ¢
00) IZERE(L 7= Mila CHBICH®L 2. BHidiEo
G-CSF Lt 7% — 3, WEE A & i L TR
BHRTEICERIRL 2l caEICHEmMmLZ [07:
00 : 953+35, 19 : 00 : 807 %28 sites/cell, p<0.01 (n
=6, mean=SE) . Il H' G-CSF & 12 13K 5 Al
PR TEEZ, THEH AR TR 2 R 8K
RN KD2ERBBRERNFEO SN/, G-CSF BE
DEFIFRNT X B ZRIIHFEOY XL EFIEL TH
D, HROEVRHHICEMEZRL, IROENFE
M ICKEZR L7z, L EORER NS G-CSF O H
MERFSENER OH A Y XA OHFE LT, HinEk
¥, BB, Lt Y —HEEORBEY XA L
BE3E U 7= Ml D S 2z 1 D b S DN SR Bl A 0D 5 SE Iy
WX DD GENEZ 5N 5.

1> —7xn> (IFN) &, 71 IVAEM,
PG IER I EL R ABERE26T 591 MhA
>THhO, BRI, CHRIFR, BMEEHEMER mExE
WILKERISH SN TNWS, LL, TORIERS
BRIFIEFEICE S, B, 2B, BilskEsE
DI EREMHEDOEWHDOMS, MDD, MIEMN
RIBZEDHBIIENDEELRDOETH SN TN
%, ZZT, IFN-a Ofi7 A ) ARh R 8 K R EIE

MR ZHRE LT, IFN-o D3N JIFE THEE S
AT DEBTIDNTHA L. 3540

FhrE & L CHHEREK - HREEN [
(PREHD) 07 :00-19:00] & FTHELTNS
XA EFHLAZ. 09:00,13 : 00,17 : 00,21 : 00,
01 :00, 05:00D 6K DNTNMNIZ, IFN-a (10
MIU/kg, iv) %3, FRIC KT THERZ D
FEBIZIOWTHRHLEZ., P RUTHEKEN
Prostaglandin E2 (PGE2) i3, 09 : 00, 21 : 00
DNTNNIZ, IFN-a & 3% 30 7 BHICEIMm, K
M ZITY, BERAERIEETHE L, BRI
Trhwsfat U /=. M 2'-5’oligoadenylate syn-
thetase (2'-5'0AS) &1L, 09 : 00, 21 : 00 DY
NI IFN-o & % 355% 24 BeR H BRI, B2
T\, radioimmunoassay 7% THIE L, #EHEZIH
THEgMEF Lz, 09 :00, 21 1 00 DWIFNMITY >
INERZEEEL L, lactoperoxidase i TR L 7= [121]
-IFN-o & 4°C T2 fIIN S L2 7 & — K Y
EABAMNE L. Scatchard @i TRRBEER & L
7y —HEREGL, MREREURERI M T s E L
7z. 09 : 00, 21 : 00 DWW N/NIT IFN-o Z F 3%
WA I BRI A2 471>, ELISA 3 TIfilH IFN-o J i
ZRIE L7z, BRI E— A > MEWTIATEN
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U, BEERZIFTrliRat L 7=, 09 : 00, 21 : 00 D
WENNICE Y EERL, IFN-o (1000 1U/
ml) %%% 0.1 %BSA-Krebs—Ringel 57 H T >
FaN—bL, BED O IFN-a &% ELISA T
HIE L, BRI Tl Uz, IFN-a 3%
DOFRBIREHORETHRL, HEHORIETE
BT HEERFRNC KD AR BRERANRO SN, FE
BAERNICBERIF RN K 2 22 A U 747 %2 PGE2
TR E U TR ORI A 5 ket U 7k

IFN-o $% 3% O KN PGE2 ¥ 8 1213 #% 3 M %112
KHERERERNMED LN, FANHERIND HH
BN B W THIKN PGE2 BB I3 EE 2R L /-,
F 72 IFN-a 12 £ B F U3, cyclooxygenase % [
952 LICKD PGE2 EAZMHT HA > RAS
TUORMLEIZ LD EEITHHEI I N 2D En
5 IFN-o (T K B FER D BIERFANT K 2 Z R O 7
& LT, IFN-aiZ &% PGE2 ¥4+ DKL
—HEEL TWwasbDEEbNS. 2'-50AS i&
ZHERE & U7z IFN-a #38%Z 05w 1 )L ZERIL,
IEENARTE (21:00) &bbds U THRE AL (09 :
00) OFETHEIIH®RL /= (Fig. 11). U > /\EK
@ IFN-o L& 7% — 803, &EhHarE & il T
RERTRTEICERIL L 72 file THEICHEM L 7= (09 :
00: 321+31, 21 : 00: 213+ 18 sites/cell, p<<0.05 (n=

*
*

*x

[3)]

o

o
)

i}
[77]
© =
£ 400- §§“
g N
= N
= R
£ 300 N
s N
2 \
O 200- N T
o 1 ‘"\%\
~ X
o N
£ 100- N
o RN
0 ? S
09:00 21:00

Time of IFN- a injection (clock hours)

Fig. 11. Influence of Dosing Time on the Plasma 2'-5"0OAS
Activities after IFN-« (10.0 MIU/kg, i.v.) Injection at 09 :
00 or 21 : 0037

Each value represents the mean with SE of 8-10 mice. *p<{0.05, ** p<

0.01 when compared with saline group or between the two dosing times.

Open column: saline, Hatched column: IFN-a.

6, mean+SE)]. ZDZ &M5 IFN-a 12k 5 2/-5
OAS iF M DL X 2 ZRDOFE LT, U
> NERD IFN-a Lt 7% — 8 ORI 28k 83—
BE5LTWa2b0EEONS, IFN-a EEZOIMH
IFN-o 2 136G By i & e U TR B RGT: 0 #%
KTHBEICEMEZRL 2. IFN-a #%##% O IFN-«
707 7 2 AR E T & bl U TR B AT O
BHETHBICEEZRLEZ. BROZ T 2 %E AN
7z TFN-o D A RE IR B AT & b U TR B
AT L = MIlE THEICTTEL TWie, 202
EMN S I TFN-o 2 DR LT K 2 =R OB
FF& LT, IFN-a BAH# ORI —EBE 5 L
TWsHDEEDNS. IFN-o JEE O LNIZ &L
LABIIEHNO) XL EMBRLTHBD, EHOEN
SR E Y R N D) (L AT S 5 E A R (1§ (R S7R
U7z, I EDFEEMNS IFN-a DO A X L
DHFELT, AROEZEOMREID LT —
téhE, PGE2 MEADRHIMA(LD, EREWEhRes
AT & O BRHBE DRI (L OB 5235 2 5
%.

P EO#ERMNS, PUEEEROY A b1 > D%
BORMERAMNREELICKXOEREICR RS ZE, £
DR & U THEAHIIL D DNA & RLAE - AR -
L7y —HRE R O EhRE G OMERE N~ D EL
D IAB R OHRSN DD OHEY X LNEEE L
TWBZENHSNER D2, ZHUT K D BT
IZ& > TEYIEENZENT B & W o R OREE
BWOFERE LA A=V &KL, ML XILOFE
FPE S B U 7= B VAT RE & TR D,

3-3. BRABEAREE  RNEIZENENTLEL
THMHEOHERE, FELLzEIITKRETH
0, EHBENTLERD, RNEOREICIL -
Ty A —HEANRBINA SN TNSA, LHEDE
DROMER T W =28 EORIER ZHB L1
LHZEMALNTVNS, ZOEIBERENS, B
Ty —RREIIIRANNOBITZ S0, 2D
BITZHADZENMD TEETHS. —F, HIE
ORI EHREIC BT D IFFEI, Bl KT
HHEHE ML T2<mFsnTuhan, 22
T, FREWNEELTFEO-ILDOIERNNDOBIT K
VR HNDOBITIC KT THERFL OFEIZ DN TR
ALz, 44

EREMNFIZ, 0.65%DX L1 BFEO—) %
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06 : 00,12 : 00, 18 : 00,24 : 00 ® 4 B DWW M
WCRIBU 72, #3582, R AYIC AR FHAR N R B
O HEYRE ZHE L, #ERLICKILER% T
BRE L, FEO-I)LOEYEERICHEETSE
FRAREMIRE ERKPEDREZRIE L& 22,
MFEDOEMEEIT 12 00 E5EFICHEARERD,
06 : 00 & HIFICHR/NERL . —F, MY
VIR IR 2V B =i il &2 7R 9 12 0 00 $% G- IRf 1T R (X
iz /R L7z, AUC HEYREICIZITELIT 55 5%
NEHNTz. EWENREFRIMITE X D Y OIRE R
(ESBATIEIT T D IRNBITI) 25l 5729,
M EYPRENS B L2 AUCIZH T S RNEY)
BEMNEHRLZ AUC OLZHEH L 7= (Table
D). ZOHHE, 1200 H#ERFICHRBIBEDNEINE
E5ZENHSMNERS . INSOEIFEEY D
AR R CIRER R 5 DI RIT DWW THE L
7o, TOREE, IRNEYIRENRKMEZRT 06 :
00 G2, FEO—=I)IOARSEEEIRDIET
THZENHSMNERS . —F, RIBROERD
REMmE R ZRET Lz& 25, IBRNEYREN
e, M EYRENREMZRT 121 00 5
RRICIRERR I 5 DR RBE T TH I E0HS5
mEE-oTz, LEOIERNS, BNEMBITIEOR:
M2 L OMEFF & U CARBRERETE R IRERERE 2 5
DIHEDORFHMELNEEGEL TWsbDEEZ 5N
%, INsOERIE, RIBOY AT E2EETS
ZEITRD, EEREAERIMIE X D IBE R E =D
LAREEZ R T SR TH 5.

3-4. Therapeutic Drug Monitoring (TDM)
BB ORI E R E®mD D T0ITITEY O
DREFRRBICED, TOBEERNER/NNEIZHA
HLIENLENS. L 0DOITEYEEOEBLIZIE

Table 1. The Ratio of Ocular: Systemic Absorption in the
Pigmented Rabbit Following the Topical Instillation of 25 ul
of 0.65% Timolol Maleate Solutions at 06:00, 12:00, 18:00
or 24:00 hr4V

Dosing time (clock hours)
06:00 12:00 18:00 24:00

Humor/plasma 1.00 4.17 2.00 1.67
Iris—ciliary body/plasma 1.00 3.11 1.50 1.57

The ratio of area under the concentration—time curves (AUC) of
timolol in the plasma to those in the aqueous humor or the iris—ciliary
body was calculated in the pigmented rabbit following the topical instilla-
tion of 25 ul of 0.65% timolol maleate solutions at 06:00, 12:00, 18:00 or
24:00 hr. Each data represents the mean of 4—8 mice.

WEFOEFERFEED 1 DTH5. 20 1DO0HE
ELTHRELZONTDM TH D, KKy E e
DHFRICEDEHKER - KGR Z B AR
%2 EMAERICIR D T&E 2. BliffrbnTWw 53
P GEHEEE, T O L2 D 4 O BE O HYE)
BEAE G NS IR 9 B OB EDY, B, "R E
BRI K> TEAH LW E WD FIED BT D T
STWVD, LLBNG, ERY X LADR SR
BT 2D FHEICLD, B/ GRELIRED
WBEME, Z U TSRS D W T ORFEAAR L 7
BHENDDH5., INsOEYFEFEHITENT
X, HEE - HEHBEOAR ST, BRI D EkE
WIS 5 2 EMEENS. TDM ITHNTIE, N
A ZHEFEIRIC K D BFH OEY BN T A — & #E5E,
MmHEE TR ENHEEIZTITODNTNS 44 Z
NUITHWS N2 Y EREEIL, —MRITHHRW LR
ZitbhiidBgnroGonizboThs. Ll,
DM ML #EY O T+ 7 U >, N7 O
(VPA), 73 /7103 RRViEAIREDEYH
REEIIAERHEY X LERT. S50 Z T,
VPA Z 3t RICH Y &K EENZ O RHESEY) B
REfE 2 Z R L 72X THEEEIC K B GG &2 A
7—:‘ 52—54)

8 LD BT RFEAEZKRIZ, VPA 400 mg &
1 H2[E08:30 &% 20130129 HRERO#KEL
7. 8 HHOH &R ONRERT &ENIRE 0.5, 1, 2, 3,
4,6, 8, 12 HICHEMZTT> /. £/2#HIHH
DR O NI 1, 2 Kefil B (e i A E I
12 K H (Rl AREGL) ISR Zfr>72. 8
HHOF—# %MW 1-32)8— kA2 MEFIVIC
PEVR® 7= 9 e O IR 36 1% D 3¢ SRR K1 1 SR 4 Bl e i
ZEHAL T9HHEOHKRUOEREZDIMH VPA
EETHLZ. OB TR0 EREICKIET TR
i U 7= B SERE L 51 S W By RE A D 52 22 2 Mead U 7z,
ZOREE, FIRESZD 1, 2EHEOEE DT
1, A1 H OIRER O EhREE % 1 U 72 B B AT
THoN, BIRFEEOIEY)EhREE % (] L 2B IE
FEEEIZ{XF U underestimation #/r L7-. —F, &
fRE# D 1, 2 K H ORE O THIE, #1H D&k
EEOEYBREMEZ M LB RIFChH >0,
MR Dy Rl 2 U 7= BRIEfEEIZE T L
overestimation Z x U7z, HR#EZ 12 KB o
BEOTHIIMEF CERIIEO SNRMh> 7= Dk
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DGR S RO ML VPA JRE O THNITHEL,
Y BREDEARNE T & U T ORKL OB %1
MELTWMOAND ZEICEIDZDOEREENEGD S
N5 ENHEAL =, kORI, DEOWEM
MO THREL DINT A—4 R TREIR N1 X
2D < RHEFIEM B REMRENT CTOMFHIB N T HR
LNV Wil

DlE, mEyEHEICAHE) ZLADRD SN
TDM MY TIiL, I—F > OIHiEEZ “Hd”
TE¥ESS, HEMBHEE/N T A — & g i IR Tl /s
EOTHWEHIIBWTHEENBELRAS., 5%
NE TCOME-RE-FOCBEFBOERRICIY 1 F—
ERRALY OV —iE ED Y X AL % # A
LTS ZENEENSD. HERAOFEITEL T
NNED SNTWDDY, EREH T2 oy
CINEENEETHREOMES B HFEET
%. TDM OB O H E&-RE-SURBE R O T Tl
DR DOBFEMMNS THREL DINT A—4 ZBEHI T fE
Ta A G ICED < BEF Y B REMAT O EH =
NTHO, U XABHIEICHED S BFREEZETD
BRI T ZENEENS.

3-5. Drug Delivery System (DDS) INET
D HH HIE T DDS BIFE D H L, AR 5Kk by i g
—TICHEFF T 27200 0 RDEHIINY —> 2 HD
BHEHIEO T RTH> 2. LrLans, £< 0%
YIDOEWEREIC HE ) XLDEEL, Bl A —EkE
THELHELTH - EDMPEEITIAFETE RN, 25
7= —EDOEYBE DR LTI =12 EDF Y
DLFal—TarEHEHEL, HTLLREOEY
BEEIR VARV, ISITHEESCEYICHEAY XA
NBROHND. DX DR SRR AT
FAZE DWW i Hl#H % DDS ORFENEEN 5.2
B, R THEAINTHWARBOERZEZEL /-
DDS & LT, KfICKDIEAREEZEZDZLED
AIRE/R 7 O/ IR 2 T Il 3 DO R a1 &
NTWa, BOFELTETA 710U Rz
TANVDEERBRICFEAINTWS, ZORHANT,
BRI 0O — 2 R OB S g i 7 )L 3 — )L ip
Sk5HEERT M) v I AEOEFITH 5. Hik
BNOWEMRET D LXK 0EANBEL, <k
w7 ZORREMNSTH T 14U BRAICHIE S 1
. 1 H 1 EY&#E5IC X0 R OfiHAE M &
BT L, WEFRENFRET SR ICEm WL T

FT 40 BEEERL CTRE SRR E DT
REWBHET S, EE - BE LR FBEIC
&, MERNICREG L TR oMK ZE T 258
ANAHMEEZEND., NIINI)EGORIE -
Fifge i 8 Covera—HS 1353 M I o NN 3R 4E
BNZEIA T, EHEORER > 7 IR %
5L Tnw5s, 1 H1EBERSITX DK 10
Mgl — 7 REZRT. BAKESESIFELTER
OF > TF)IEIa—2z2HNT, IV LiEb
KN T 7 €L OBERHFENHFEI N TND, K
EEm»DHT LIk, 10 BRI Thy (L
PINFTELBENE —7IET K] ZIEES
D EITHRHIL TS, ZOM, w1V VILE
REEMRERBICHBIE, BBREERI U ZF >
1y 7O ERERBICEDREBES AT LK
DS D 2 JEWR ALK EBSG ZFHA LT, FERks
DI 1T 8 % BIH D on—off THRIHIE TE 51
IR T VAR EDEFENED SN TNS,

4. FREER (EHROEBHEOHERE LEhz
E# T 5 1-HDZXGHEDRER

R XL /R - S5 L THEE
REEERELTWD, AR XL OBAENRIRSD
BIBEER E25ER I L, Frfiiickt < Sk %
BREOBEDEEREZAELDZEH DRIV, —
77, EYEEAICHER - REOY 1 2L, I—F
V=)b, KRB EDHEKRY ZLANERT D EMNE
HINBED TWBED, TORKROHE E 735 EEEHE
BFANOEEIE<RETIN TV,

1> —7 x> (IFN) (35 &k ERTFRE
BREITRILSFHIN TS, EEARERE
LTCU X LEESEEOFEN D DIRE, Rk, HE
BRENHE I N T WS, 9 [FN JEHK GRFITIE,
E MZBNTY 2 NERET 08 & 00 RFEIZHR K & 7
0, 22:00 FFEEHICHRE &R0, dI—FV —)ViE
FE1Z 08 1 00 FFEEICH s & 720D, 22 @ 00 REEEIZ AKX
Eirs, ZN5DY XL IFN % 08 : 00 FpEE |z 5H
H#592 &0 2 NEREIIKMEZMHERFL, J—F
V—)VBEIEEEMERT S, TRDBIEERY >
INEREE O —F Y — )V IEE OWHHBIRfRIT N Y X
LEHET S, —7, IFN Z 22 : 00 FREEIC R H #%
HEF 2 LIERICHERINS. D EORERIZ, IFN
EHEEICES L, DORAICES TS EaAEKY
AL SV 5 HETHD I EERL
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TWwa, LiLAaNS, IFN 04K XLAEED
BWREIZDODWTIEH NI NTWaW, £I7T, £
BREh) & R, RN O ARIK T H 2 K E#%
DRFFHERT O HE U X LWNEY PG HITWMITE
KTDZMEHSMNITEH I E, MOKEEETOH
AU X LEEZ GRS 5720 O B K% et 2 M
T2 ELEHMIZLLNOMEZETTo 2. %Y

HHEAMRAK - AREEHR (ZT =zeitgeber time,
ZT0=light on, ZT12=light off) 4:#} T 2 J& LA
FH U7 7 s ICR M~ 2 &2/ L . 178,
K8, FiEtEE T (mPerl, mPer2, mPer3, mClock,
mBmall) ® mRNA JEEI 812 %IF§ IFN-a 35
1T OFEERFNTS2HMT, IFN-o (2 MIU/
kg) H2WVIIEMARIKE, ZT0H2WNE ZT12 O
WENMIZ 6 HMEHE TG L. §/)XTA—%
1%, KA 6 HH O ZT2, ZT6, ZT10, ZTI14,
ZT18, ZT22 @ 6 K sICHIE L7z, KEtEfET O
mRNA ¥ &3 RT-PCRIETHIEL 2. ¥ AT
BROHEZ, HEESHETEEEZ AN T L.
KRHE X —E oY —fE 07O IVIRE &
ffi L7=. SCN ® mPerl mRNA ¥ &2 &IE 9
IFN-y Y (I D 7 OHEZRFNT 2HMT,
IFN-y (0.1 MIU/kg) & % WM AE/K2Z, ZTO0
HDHNEZTI2 DWW NI 6 HEEH & F 5%
ZT2 12, mPerl mRNA BHEZHT L. T2
IZ& % SCN ® mPerl mRNA #5572 i 5 12 JiFE
G IFN-a &Y 1 I > 7 OFEEMRHFNT 5 HNT,
IFN-o (2MIU/kg) & % WIZAEHBIE/KZ, ZTO0
HDNILZTI2 DWW TNMNIT 6 HiEEH K %5 L
7. BEKTEHO ZT16 12 (600 lux) % 30 7
A2, mPerl mRNA FEHi & 2 A4 F A i /K $55E
BER OSSR E SR & ILEMRET L7z, SCNIZH
1} % Interferon stimulated gene factor (ISGF) £
RICKIT T IFN-o DO E B2 M T 2 HMT,
IFN-o« (14 kIU/hr) & % W3 EB A K 235 T 3
ZIR TRV 6 HFHGi R T 5 L. ISGF %
WET, HEMB‘6HED ZTI2 LU TS > T
Oy METHIE L. SCN @ mPerl mRNA 5
BOU ZLZKTTITEN) XL EERHT 2 H
HYT, corticosterone (30 ug/hr) & % WIFAMERE
Kz, BBEIEI R T 206 HEFHRE F %5
L. &NTA—=5 1 3%FEMIEE 6 HH O L&C 6 Iy
FUCHIE Uz,

SCN IZB1F %% mPer &) mBmall ® mRNA
HER, a>bho—IlBIBWTEERHAY XA
MEB® 5N /= [Fig. 12(a)-(d)]. mPerl, mPer2,
mPer3 % X mBmall mRNA REHEO R E{EZ T
RENEZ NN ZT2, ZT10, ZT6, ZT22 Th > J~.
—7, BA%AEIX ZT18, ZT18, ZT22, ZT10 THED 5
N7z, SCN IZB1F % mClock mRNA HEIHEEIZIL,
HEBHRBEY XLZED N> 7= [(Fig. 12
(e)]. IFN-o @ ZTO B TIZ > o —)L#f &
DOMICEEENRBD NN > /=, —F, IFN-a D
ZTR2 BB TIIAEERHEY XANEDsNZD
OO, aA>bhOo—)L#EEEL THERIEFLTWY
7=. mPerl mRNA I &L, IFN-y O ZTO L3 EE
TRarho—)lHEHEL TREEIZED SN
Moz [Fig. 12(f)]. —J, IFN-y @ ZT12 $¢3
HTl3a>ho—)LEEHKR L THERICKMEZRL
2. AFIZBNWT, IFNIZX B 4K XL DR
EMRMDAILS5T SCN THRDHND T &%
S5SNI U7z, #EY IS 521X, SCN @ mPerl,
mPer2, mPer3 mRNA BHEEZFNZENHE (KR
o) wiE, %, PRCERESEERTERERBEEY
AhZERYT. —F, IFNOEHEGICXZDENS
DHE XL DOIRIEZL T U Y XL DRI EHE 1T
ER L. mPer R TFOHKGEERFTH S
mClock & f mBmall @ mRNA ¥¥H &3, IFN O
HHBRGICK ARSI SN, 2RI X
% mPerl BT OHEIXIFN OEAKEIZEDAE
BlIEEINEZ. NS5O EEE LT, IFNIZ
VA B AE A VR M IS T 2B D B T &
M5, IFN RFEHEREZ RE T 2 F0—5 & L
TEAGND. EWIERGRHITIE, RS BRI B
7% mPerl mRNA 3 &%, SCN & bb < EHF ]
BIEL 2R ClmifiZz R AR HEY XL %R
U7, T3 SCN 5 KIHITE 2 KEHHERE O BE g
Mgz L TR CHD EEDNS. —F, IFN
OHEHHEFICED Y ZLADREME T Uz, £7217
BOMEOHEY XA GEEI) ICE 2R
L7=72%, IFN O# A 51K 0 2 ORI IHE 1T
KR U7, IFNIZRMTY >N ERZ2EEIL 8
DS R ERT EEBIT, FREORIER 2R
TR ERMOME HIIERTSEEZ5N5.
SCN #EBXIMICHIET 2 2 EICX D EMOHAREY
ALFEESINDD, ERNEREZBIETS L1
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Fig. 12. Influence of IFN-a or IFN-y Dosing Schedule on mRNA Expression of Clock Genes in the SCN®

In panels a—e, RNA levels for the mPerl (a), mPer2 (b), mPer3 (¢), mBmall (d) or mClock (e) in the SCN in mice after a single dose of IFN-« (2 MIU/kg,
s.c.) at ZTO (closed square) or ZT12 (closed triangle) , or saline (open circle) daily for 6 days. In panel f, RNA levels for mPerl in SCN in mice at ZT2 on day 7 af-
ter a single dose of IFN-y (0.1 MIU/kg, s.c.) at ZTO (hatched column) or ZT12 (dotted column), or saline (open column) daily for 6 days. Each value represents
the mean with SE of 6 observations. All groups except for mClock in all groups and mBmall in groups injected with IFN-« at ZT12 show significant 24-hr rhythms

(mPerl and mPer2 in groups injected with IFN-a at ZT12; p<{0.05, respectively, others; p<{0.01, respectively) . **p

<0.01, *p<0.05, compared with the value of

controls at corresponding ZTs. White bars indicate the light period, and grey bars indicate the dark period.
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Fig. 13. Influence of Feeding Schedule on 24-hr Rhythm of
the Percent Change of Rectal Temperature at 0.5 hr after
IFN-«(10.0 MIU/kg, i.v.) Injection®?

Each value represents the mean with SE of 8-10 mice. *p<<0.05, **p<

0.01 when compared with the ad lib feeding group at corresponding time. O:

ad lib feeding group, @: Shift feeding group.
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Fig. 14. Time Course of DNA Synthesis Activity in S-180 Salcoma Cells (left side) or Bone Marrow Cells (right side) after Hydrox-
yurea (HU: 300 mg/kg, i.p.) (@) or Saline (O) Injection at 09 : 0057:68)

Each value was calculated as the ratio to the average of the 6 points (0, 4, 8, 12, 16 and 20 hr after saline injecdtion) . Each value represents the mean with SE of

6 mice *p<0.05, **p<C0.01, significantly different from control. When a phase of cell cycle is not different between tumor cells and normal cells, the dosing time

showing the highest effectiveness means that showing the highest toxicity. Thus synchronizing drug such as hydroxyurea is useful to make a different phase of cell cy-

cle between tumor cells and normal cells.
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