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Inhibition of prostaglandin D synthase by inorganic quadrivalant

selenium compounds in vitro and in vivo

Osamu Hayaishi

Osaka Bioscience inslitute

During the last 10 years, we showed that prostaglandins (PG) Dz and Ey are the major sleep regulat-
ing substances in the brain, each promoting sleep and wakefulness. Recently we discovered that various
inorganic quadrivalent selenium compounds are: potent, specific and .non-competitive inhibitors of brain
prostaglandin D synthase. Ki is about 10 # M. Hexavalent compounds and organic selenium compounds
are not inhibitory. Other enzymes in the arachidonate cascade system are not inhibited. This inhibition is
reversible and can be reversed by sulfhydryl compounds such as glutathione or DTT. When one of these
inorganic quadrivalent selenium compounds was infused into the third ventricle of a freely moving rat,
sleep was inhibited time- and dose-dependently and reversibly, indicating that PGD synthase is the key
enzyme in sleep regulation and that PGD; is the endogenous sleep-regulating substance in the rat under
physiological conditions.

Because the sleep pattern of rats is somewhat different from that of primates, we further extended
these studies to the Macaca mulatta, that is, the Rhesusmonkey. More recently, we found that in-
traventricular infusion of prostaglandin E; reduces the amount of diurnal sleep of rats, or increases the
amount of wakefulness.
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Effect of PGD2 on Sleep Patterns
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Circadian Changes of PGD Synthase and
PGD2 Dehydrogenase in Rat Brain
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Effect of SeClg on Sleep

'SWS REM
~ 60} SeClg .
£ (600pmol/min)
E —
[«%
[}
g4mv1 .
7
U
o
5 20
(o]
£
<
0
8 20 8 8 20 8
Clock Time Clock Time
X7

LA Ladsh, UEDFERIZT v FTirbh, ZRAUSNOEY, FiZe FTlRE) L) BEN»SH
NEdo, 22T, REDBSHLITHKREFNVERHNT, FROEREIT>TAHL L,

HIVTOEER

COFEBIIRANIE, UK, FBIIB O N KHBEIRO 7V — T EER L TT 720 DT, FEEM
WA X I ORE LTI, Yvolhsd, RERE LI L, BEBOGW LTI %L, LM
BRETERITVE L, BHICIE~S &, BERIREEO Y )V Tl Bip 2 Mk CIRER, HERSALhE
T, MEOPGDx EZMEICEAT L L, A2b &2 AIBEERSALN, WEEEELL, LiE
ELTAHLE FOREREFEMHICL AMIRICBITLE T, T2 E8MKIEd ENRD, RIBHE, HAOE
EldzlzhEd,

51T, REDBEERST TV, BFEDOKF TORMEDOEEDHTMeHR/THE Lz, YILDE
BORE, TEOMEROIRE, 78 PGD, TR O TV AEOREES T OWEILITE A EEL
BHY FHAD, BEL LR TTVnERY Ty 7EE RIBIRFIZMES &, 3HFIRICH S 0
WHEEIZY v —TIR Y, EHEOMIRTALNDL SHzBITRD 0 WHIFITEAEHEL, 21 IZ20Hz
BBORY T4 7 EEVHEBE L NI = BARLND LI DET, TOL) LER,S, BAT
WENTWDd o8 bFH ULV LAERELH - T, RYEOMERE IZENIIRELR - TRDBIE, 7
(28 LT PGDIC & BIEIRIZEEMTY T o7 HADIIE L KA TE R W A FEF ST LY,
LLETPGDASHR ) 2FHET LT D L W) A OFEE L b Y, RIZH 2 DFFE PGE,DFEICKE Y £
B


Administrator
長方形


[(MEXRERME F10% 1993]

PGE & REE

8T, PGE2lL PGDDEMAKRTH Y, I &IOS b ¥ & KBTI % 5 TV 5 positional isom-
er TEA, $ERKD 5 PGDy & & K A D AEBFEM 2 R THET WL OO THE T, Fl 2T,
PGEz i3k % F5H 24, LHRH L WIHRVE VOB EREL, KBHEOA F ks REL T4
B3, PGDAT#IZ N O DT RTOBLEHE L I S5 Z LRE ST T T,

ZZTC, REDBBIELERUSFHTPCE: 2 BMIZT v FOBEEWEITEALTAE LA, T b
HEITHE T % B 10picomol/min FEFE D PGE & EiftiEA T 5 &, H8 D L ) ITHEEHER, L AR
LY ICHEERAEEICHOT AL, ThbbEBENSX DI EpSEHS ALY,

Z D PGE,DHEBMEIERN R LD THD I LRFHT L7420, RELIIPGE,DT ¥ ¥ T=X b
FRMNICHES LTCAH T Lz, Glaxo DB Th H AHE809IE, FHARHEE (i) DEERT, PGEZAE
ROPFTEPIE V) ¥ A TDT ¥ TZAPE LTTCREPHERTHWLWE CTT, AH6809IE PGE,
EREICHG T 5 & PGEOREIERA 24T HIH L T 945, & LNTEMED PGE M CHEEVEH % A 3
FHIRLTW A ETRE, 7Y T2 P OBEBIREIZE o C, WM PGEDIEREPHI LIS h, [
REAHIT 2133 CF, FHE, SbOTHED AHBIZH M, £SMEBIEATS L, IRIREIA
BRfR ML £ 99,

U EDEBRHRIE, “o0BELERTELILIERNTET, T4bb, PGENT v b4,
BEOREIZ Db o TOBERIERO—FDORIVE &5 5 WIHERIEEME TH H L) T L2%EH
NEF, 72, PCEDT ¥ ¥ T A M, HFLWF A TORERK L LCH% S N5 TEEMEAVR S
bIFTY,

Effect of PGE2 on Sleep Patterns

SWS n=6 REM n=6

E-3
(=]
T
1
a

< PGE>
€ (10pmol/min)
~ P
&30} 412
2
("7
‘s
=20} {18
=3
£
la——~——al
- PGE
< ’°'(I0pmol/§1in) 1 4
© - ——— O
8 20 8 8 20 8
Clock time Clock time
X8


Administrator
長方形


[(MEXRERME F10% 1993]

HEEREE L PG

BT, RELPIRBTARRE, Fral7y— (THEBRIFE b VbhERFRHFNTY
BEXIZERIRY 2T EVI)EALRRTT . BRERT AU A TIE—HRAOD0.1%2 % 1000 1
MNEEOBENVDLE bR TWET), BERy, BREEPERE (2 N340 570 X TOHA
BT CIEBEEFEE 0% 2 vbh, FRTIINERRBEEROFERDO—D2TY), ERHEZ WA
WA G EREEL PG OB LI > THIERIENARIHELOTL L O 72, LLEOHRAE
MR o 5 O VEIR R TR IS ) S L I3TTRETL & 9 A%

BlZE, MEIRARE, T7VADOYH Y TG EFLETAEEEDRY K THLZ L THLNTE
o B, AFVADHFIVT 4 — FREORY M) — A3 OFERE, 124 DEHE O REIRSEEE O
BFHEPOS v ¥ -0 —% 1 al PGDy, Ex%ME L, PCD/ITHZDEFEREIC L72H5 o THRAYIZ
BINLTWAZ E2RRAL, BFOSJERFORDG Y DEEATPCDUCL AN THA ) LiEmLTE
D40, T2, TAYAOF — viE+EIL, mastocytoma &\ D FRAD BB INEVEIEREEICIGS &
&, MEPICKED PCDAMIMEND Z & #HiE LT E TV, TN DI PCDATE b T b IEIR
FREITIE, BIORNRERICO 2D TWD I EERLTWET,

FEBIL, BIER, 2F 7 +— FKZEOD Dement #iF & HFA LT, AELOHEFEL TSI L
T —Kaw vy, PGE, NS FDIBEBIZHRITHAT EEFTEHL T LA, FIV2 L 7Y — KIS autosomal
recessive 2 BIZMEDEET, BAF v ¥ Lo I — L WIBIHERZRI L, L ARKREIC R 295
KT DX RFx ¥ TV oI —DORIEZAE, FIZITARRPUERZEICL > THIEEZShET,
Dement HIZDHEH - TBOLNEF VI LTI —RIZ—REBEDA XD L) TTD, FYOHE ALY,
BAMEONTLHERELT, 2B ETAIIL AMMBREIZZVWD, HREERKELL T o720
EEIIRRECHR D 3,

ZDFNAL T —FEEMIZTNL 2912, Dement HI¥Z Food elicited Cataplexy Test (FECT)
EVIREERRBESNT L2A, ZOHETIEA X O OREY 12MHMEOFICFERBIIB LT,
FIANFNALTY—REONTL A XBEATHPEIIEL, BEL, Rz %, <K
WOAENIZZRY, L AREBICADIT, LIESLTaE, BE LI - TROEBHEANLDIFT
T, 12EDEIEE E~EDL LD P50, TLEFOMIMESY ¥ L7 v —ORELRIT
PERMEETHDTT, ThbL, 20 O VOERTREEKEENLTHS 1RH, 2608, 3KH
VD) XD KR EE S TERTREYRT &, HDA X TRIZEOEEHE KD DITHASH LAY, €
DOENITIFS AR L TORMELRITILTbIAY £3, 22T, REDIFPCE T -IIMAWIZAN R
FTVAFIVIATFNE 0¥ A LACTHIRES Lz 25, BIEORESFrEmRE b ARERESHICHST 5
ZEDPHLPIRD T L, Thbb, PGEIIFEEMIZIZT VI LT Y —DBRBESLTHICERTH 5
WhEERLTWETY,


Administrator
長方形


[(MEXRERME F10% 1993]

¥ [

DEDOEEDS, HRESIZERE BEENZRZNPCDB L U PGE L - T, 7y PRI XY N
2BF 5L ABOBMAORGWE L LEVTHB Y, ThEho PG oEHRATE & BELUR TE DL < 12
HAETDEREEEOFRICBNTERALTWALDTHA ) L LT Lz Thid, 18k, ik
WA FE N TN EIRE R % RS 3 5 AL FE ORI, S8 hTELD I TAHLVEROE S
26 L7zbneEZLNET,

B3 Thid, MREEDOTHEELBRTHY TTOT, TN THEIMERLALEEERT
B IHA, BREBED) XL L5 T, FREFNRD PG OGBSV HICHABT SN TWDH0H, &
72 PGDy% PGE, DS E D & D 12\, [EIRPLEMORENFI SR I SN TNIDHhE V) 2 L, &
CEADHWE, THbLMERLMBEEIBHVTEY, 4HESITERLEDVEZZTVARET
Fo

AWRZEGHHMIER, KBNA A4 A T2 ABFZERT OREIR 7 )V — 7 OBz, KEKREEO I ILE#E
ek, BORER SRRSO B BRERSA:, R E S R FEAR AR A SRR O KM Sk, A5 v
7 4 — FK%D Dement 564k, FDOMERFEEDOH IIIZLEHDTT,

X [

1) ‘Ueno, R., Honda, K., Inoue, S., and Hayaishi, O. (1983) Proc. Natl. Acad. Sci. USA 80 : 1735-1737

2) Islam, F., Watanabe, Y., Morii, H,, and Hayaishi, O. (1991) Arch. Biochm. Biophys. 289 : 161-166

3) Matsumura, H., Takahata, R., and Hayaishi, O. (1991) Proc. Natl. Acad. Sci. USA 88 : 9046-9050

4) Onoe, H., Ueno, R., Fujita, I, Nishino, H., Oomura, Y., and Hayaishi, O. (1988) Proc. Natl. Acad. Sci.
USA 85 © 4082-4086

5) Matsumura, H., Honda, K., Goh, Y., Ueno, R., Sakai, T., Inoue, S., and Hayaishi, O. (1989) Brain Res.
481 : 242-249

6) Matsumura, H., Honda, K., Choi, W. S., Inoue, S., Sakai, T., and Hayaishi, O. (1989) Proc. Natl. Acad.
Sci. USA 86 . 5666-5669

7) Pentreath, V. W., Rees, K., Owolabi, O. A, Philip, K. A., and Doua, F. (1990) Trans. Royal Soc. Trop.
Med. Hyg. 84 © 795-799

8) Roberts, J. L., II, Sweetman, B. J., Lewis, R. A., Austen, K. F. and Oates, J. A. (1980) New Engl. J.
Med. 303 © 1400

9) Nishino, S., Mignot, E., Fruhstorfer, B., Dement, W. C. and Hayaishi, O. Proc. Natl. Acad. Sci. USA 86
. 2483-2487


Administrator
長方形




