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In  E x p e r i m e n t  2, O correlat ions were calculated be tween  
1. r ank  on substra te  level  and rank  on analgesia, 2. r a n k  
on substra te  level and rank  on bra in  morphine  level  and 
3. r ank  on analgesia and rank  on bra in  morphine  level. 

Results. E x p e r i m e n t  1. The  9 correlat ions are shown in 
Table  1. I n  addit ion,  average blood levels for each sub- 
s t ra te  are shown. These levels are s imilar  to l i tera ture  
values  1~ As can be seen, blood levels of py ruva t e  and 
lac ta te  correlated wi th  analgesia, while no snbstra te  
correla ted wi th  pre-drug react ion t ime.  

E x p e r i m e n t  2. Table  I I  shows t h a t  p y r u v a t e  and 
lactate,  as well  as c i t ra te  levels correlated wi th  analgesia. 
Only  mala te  and 0c-ketoglutarate correlated wi th  whole- 
bra in  morphine  levels. The average bra in  level  of morphine  
is also shown in Table  I I .  The correlat ion be tween  whole 
bra in  morphine  level  and analgesia was +0.47 (p < .05). 
The  average bra in  level of morphine  was 0.06 -t-0.005 ~zg/g 
(S. E.). 

Discussion. The f inding of a posi t ive  correlat ion be tween  
blood pyruva te ,  lactate,  and possibly c i t ra te  wi th  anal- 
gesia suggests t ha t  h igh glycolyt ie  f lux (as measured by  
high py ruva t e  levels) m a y  be a component  of analgesia. 
Since there  were no signif icant  correlat ions be tween 
subst ra te  levels and pre-drug react ion t ime,  i t  appears  
un l ike ly , tha t  per ipheral  in te rmedia ry  levels are associated 
wi th  basic sensi t iv i ty  to pain. High  levels of mala te  and 
a-ke toglu tara te  were associated wi th  high levels of brain 
morphine,  suggesting the  these substrates  may  be im- 
p o r t a n t  in morph ine  uptake.  

The finding of a re la t ively  low (0.47) bu t  s ta t is t ical ly  
significant  correlat ion be tween bra in  morhpine  level and 
analgesia is in agreement  wi th  the  findings of MULs et aI. ~ 
and MULs ~2. This suggests t h a t  the  in tens i ty  of the  meta-  
bolic change produced by  morphine  m a y  be more impor t an t  
in de termining the  level of analgesia t han  the  a m o u n t  of 
drug present.  
The  da ta  also suggest t h a t  some of the  metabol ic  
changes involved  in morphine- induced analgesia m a y  
be media ted  through the citric acid cycle. 

Zusammen/assung. Es konnte  gezeigt werden, dass bei 
R a t t e n  eine Beziehung besteht  zwischen der analge- 
t ischen Wirkung  yon Morphin und den Blu t -Konzen t ra -  
t ionen einiger Metabol i ten  des Krebs-Zyklus.  
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Selective Suppression of Rapid Eye Movement Sleep (REM) by Fusaric Acid, an Inhibitor of Dopa- 
mine-f l -  Oxidase 

Several  converging lines of evidence poin t  to an im- 
po r t an t  par t ic ipa t ion  of noradrenal ine  (NA) in the  produc- 
t ion of REM.  However ,  exis t ing da ta  are still  conflicting. 
I n  the  cat, lesioning of the  locus coeruleus rich in the  NA-  
conta in ing  neurons 1 has been repor ted  by  some 2 to 
suppress R E M  selectively, while others 3 have  been unable  
to confirm this finding. Expe r imen t s  performed wi th  
inhibi tors  of enzymes at  different  steps of biosynthesis  of 
NA have  shown tha t  decreased concent ra t ion  of NA in the  
bra in  leads to reduct ion  in the  a m o u n t  of R E M  4, 5. This is 
in line wi th  the  fact  t ha t  adminis t ra t ion  of D O P A  restores 
reserpine-suppressed REMC. However ,  inhibi t ion of 
tyros ine  hydroxylase  by ~-methyl-p- tyros ine  has been 

shown to increase the REM amount, while decreasing the 
concent ra t ion  of NA in the  brainV. 

I t  seems that ,  wi th  respect  to the relat ionship be tween 
NA and REM,  conflicts  among  the  results  obta ined  
through pharmacologica l  in tervent ions  m a y  arise f rom 
coincidental  i nvo lvemen t  of factors other  t han  NA. For  
this reason we have  been p rompted  to s tudy  the  effect on 
R E M  of fusaric acid (5-butylpicolinic acid), which 
possesses a ve ry  per t inent  p roper ty  wi thou t  unfavorable  
complications.  This drug has no repor ted  action other  
t han  inhibi t ion of dopamine-fl-oxidase and consequent  
reduct ion  of the  concent ra t ion  of N A  in the  central  
nervous  system as well  as in the per iphery  8. 
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Fig.  1. R E M  r e c o v e r y  t ime  a f t e r  single a d m i n i s t r a t i o n s  of fusar ic  
ac id  o r  i t s  c a l c ium sa l t  in  4 cats .  O r d i n a t e ;  t i m e i n  h for  the  c u m u l a t i v e  
a m o u n t  of R E M  to c a t c h  u p  to  the  con t ro l  level  a f t e r  d r u g  a d m i n i s t r a -  
t ion.  Absc issa ;  t he  a m o u n t  of d r u g  a d m i n i s t e r e d  (open marks ,  
pe r i tonea l  in jec t ion  of fusar ie  ac id ;  filled marks ,  ora l  a d m i n i s t r a t i o n  
of t h e  c a l c i u m  salt) .  Marks  a c c o m p a n i e d  wi th  a s t e r i sk  i n d i c a t e  
fa i lure  to  c a t c h  u p  to  the  con t ro l  level  wi th in  the  fo l low-up per iod .  
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Fig. 2. Etfect of peritonealinjection of fusaric acid 
for 3 consecutive days on total sleep (TS), SS and 
REM, each being shown in cumulative amounts 
for 1 h periods. Drug or placebo was given twice 
a day at 09.00 h and 18.00 h. The amounts of SS 
in a day were within the normal range (494 rain 
:t: 68 S.D. in this eat) in all 5 days, while those 
of REM were out of the normal (162 min • 40 
S.D.) in the last days. 

E x p e r i m e n t s  were pe r fo rmed  on 4 freely moving  cats  
car ry ing  chronical ly imp lan ted  electrodes.  S ta r t ing  f rom 
3 or 4 days  before admin i s t r a t ion  of the  drug, t he  basel ine 
sleep p a t t e r n  was recorded cont inuous ly  except  for 
regular  in te r rup t ions  twice a day. Fusar ic  acid was 
in jec ted  i.p. or its calcium sal t  was given p.o. Record ing  
was cont inued  for 2 to 4 days  af ter  the  drug  admin is t ra -  
t ion.  Placebos  were given on the  days  when  the  drug  was 
not  adminis te red .  

Single admin i s t r a t ion  of a modera t e  dose of fusaric 
acid (30-40 mg/kg) or i ts  calcium sal t  (50-200 mg/kg) 
suppressed  R E M  for 5-10 h. Thereaf te r  R E M  showed a 
rebound,  and  the  cumula t ive  a m o u n t  of R E M  usually 
caugh t  up wi th  the  normal  level be tween  10 and  30 h af ter  
drug  admin i s t r a t i on  (REM recovery  t ime  in Figure  1). 
Large doses (over 70 mg/kg  of fusaric acid or over  300 mg/  
kg of the  calcium salt) suppressed  R E M  tot  a m u c h  longer 
per iod and prolonged its recovery  t ime,  in some cases, in 
excess of 2 or 3 days.  

The admin i s t r a t i on  of modera t e  doses for several  
consecut ive  days  was  also conduc ted  to  avoid gastro-  
in tes t ina l  d i s tu rbances  and  hypo tens ion  9 following a 
single large dose. As i l lus t ra ted  in Figure  2, w i th  increasing 
the  dose, the  suppress ion of R E M  was more  prolonged and  
the  cumula t ive  R E M  record failed to ca tch  up to  the  
contro l  value by  the  nex t  morning.  On the  following day  
wi th  placebo,  R E M  rebounded  far above the  control  
value. 

In  con t ras t  to  its effect  on REM, the  drug had  no 
s ignif icant  influence on slow wave  sleep (SS). This  is 
cons is ten t  w i th  t he  cur ren t  concept  of the  SS mechanism,  
which is said to  be d e p e n d e n t  no t  on a noradrenergic  
mechanism,  b u t  p r imar i ly  on a serotonergic  one 19. Only 
wi th  large doses, SS was depressed for a few hours  
following drug  adminis t ra t ion .  This is p re sumed  to  be 
secondary  to gas t ro in tes t ina l  and  c i rcula tory  pe r tu rba -  
t ions,  since recovery  was a lways comple te  wi th in  a day. 

The suppress ion of IREM by  fusaric acid is s imilar  to  the  
effect  of ano the r  dopamine-f l -oxidase,  d isulf i ram which,  
however ,  causes a sl ight  increase in the  a m o u n t  of SS and 
elicits abnorma l  m o v e m e n t s  4. Since the  concen t ra t ion  of 
dopamine  in the  bra in  is no t  a l tered by  fusaric acid s, t he  
differences in the  act ion be tween  the  2 drugs migh t  be 
expla ined by  the  accumula t ion  of dopamine  in the  bra in  11, 
resul t ing f rom inhib i t ion  by  disulf i ram of a ldehyde  
dehydrogenase  12, required for the  degrada t ion  of dop- 
amine.  

Al though  fusaric acid select ively suppressed per iphera l  
man i fes t a t ion  of IREM, the  biological need for R E M  seems 
no t  to be suppressed  by  the  drug, because in mos t  cases 

RELY[ r ebounded  af ter  a perioct of drug- induced  suppres-  
sion. Therefore  it is conceivable  t h a t  a noradrenergie  
mechan i sm is heavi ly  involved in the  t ransmiss ion  of 
in fo rmat ion  f rom the  s t ruc tures  which  e labora te  the  bio- 
logical need for R E M  to the  indiv idual  sites which  have  
been claimed to be localized in t he  lower bra in  s t em and 
to  be d i rec t ly  re la ted  to the  per iphera l  mani fes ta t ions  of 
R E M  2,18 

In  some expe r imen t s  w i th  large doses, no appreciable  
R E M  rebound  was observed.  This  m i g h t  be due to a sh i f t  
in the  level of need for R E M  to a lower one, the  level being 
de t e rmined  by  m a n y  biological pa ramete rs ,  including the  
concen t ra t ion  of NA in the  b o d y  t h a t  can be man ipu l a t ed  
b y  the  drug. Al terna t ive ly ,  t he  lack of r ebound  m i g h t  
suggest  the  presence in the  neuronal  s t ruc tures  e labora t ing  
the  need for RELY[ of a noradrenergic  mechan i sm which  
is less vulnerable  to the  ac t ion  of fusaric acid t h a n  the  
above -pos tu ra t ed  t r ansmiss ion  sys t em ~*. 

Rdsumd. L 'ad mi n i s t r a t i o n  d ' ac ide  fusarique,  un inhibi-  
teur  de la dopamine-f l -oxidase,  a suppr im6 61ectivement le 
sommei l  IREM, sans influence signif icat ive sur le sommeil  
lent.  Le rhle de noradr6nal ine  dans  le m6canisme centra l  
du sommei l  R E M  est  discut6. 

T. SATOH and  R. TANAKA 

Department o/ Physiology, School o/Dentistry, 
A ichi-Gakuin University, 2-77, Suemori-dori, 
Chikusa-ku, Nagoya, d64/ (Japan), d Ju ly  7972. 

9 1:{. HIDAKA, Z. NAGATSU, K. TAKEYA, T. TAKEUCttI, H. SUDA, 
K. I~OJIRI, M. MATSUZAKI and H. UMEZAWA, J. Antibiot. Tokyo 
22, 228 (1969). 

10 W. P. I~OELLA, A. FELDSTEIN and J. S. CZICMAN, Electroenceph. 
elin. Neurophysiol. 25, 481 (1968). - M. JOUVET, Science 763, 32 
(1969). 

11 M. GOLDSTEIN and K. NAKAJIMA, J. Pharmae. exp. Ther. 757, 96 
(1967). 

12 E. RACKER, in Metkods in Emymology (Eds. S. P. COLOWlCK and 
N. O. I(APLAN; Academic Press, New York 1955), Vol. 1, 514. 

13 O. POMFEIANO and A. R. MORRISON, Archs ital. Biol. 103, 569 
(1965). - M. ]!r Brain Res. 13, 247 (1969). 

1r Fusarie acid was available through the courtesy of Dr. T. NAGATSU, 
Department of Biochemistry, School of Dentistry, Aichi-Gakuin 
University. Thanks are due to Dr. L. M. VERNON for his reading 
of the manuscript. This work was supported in part by a grant 
from Japan Society for Promotion of Science under contract 
No. 5R023. 


