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Blood Citric Acid Cycle and Individual  R e s p o n s e  

The effect  of morph ine  on glycolyt ic  in te rmediar ies  has  
been  s tudied  by  numerous  inves t iga tors  2-5. The s ignif icant  
effects on glycolyt ic  in termediar ies  suggest  the  poss ibi l i ty  
of a correla t ion be tween  glycolyt ic  ac t iv i ty  and analgesia. 
The purpose  of th is  s t u d y  was to  de t e rmine  whe the r  
exis t ing blood levels of citric acid cycle in termediar ies  
were re la ted to  the  effect iveness  of morph ine  as an anal- 
gesic. 

Two studies  were per formed,  one to de te rmine  whe the r  
a re la t ionship  be tween  blood levels and  individual ,  
response to morph ine  existed,  and the  second to de te rmine  
whe the r  th is  re la t ionship  was due to di f ferent ia l  up t ake  
of morph ine  or to  b iochemical  factors.  

Methods. E x p e r i m e n t  1. 11 male  H o l t z m a n  ra ts  were 
used. Sens i t iv i ty  to pa in  was measured  using the  KAYAI~ 
et  al. 6 modi f ica t ion  of t he  m e t h o d  of J6I~ANNESSO~ and  
WOODS 2. The animal  was d ropped  into a 6 inch plast ic  
cyl inder  which  was placed on a 55~ ho t  p la te  and a 
plast ic  top  was placed on top  of the  cylinder.  Animals  
remained  on the  p la te  unt i l  e i ther  a vigorous l icking of 
any  paw or an a t t e m p t  to  j u m p  out  of t he  cyl inder  
occurred.  As soon as e i ther  cr i ter ion response  had  been 
performed,  t he  an imal  was r emoved  t rom the  plate.  The 
t ime  be tween  p l acemen t  on the  ho t  p la te  and pe r fo rmance  
of e i ther  cr i ter ion response was recorded,  and  was desig- 
na ted  as pre-drug  react ion t ime.  This measure  p rov ided  
the  basel ine for fu ture  comparisons.  At  th is  t ime,  the  
an imal  was in jec ted  wi th  morph ine  sulfate (2.5 mg/kg  as 
free base) subcu taneous ly  in the  midl ine  of t he  back  and  
re tu rned  to  a home  cage. 

Th i r ty  minu tes  af ter  injection,  each animal  was again 
d ropped  onto  the  ho t  p la te  and react ion t ime  (time be- 
tween  p l acemen t  on the  p la te  and pe r fo rmance  of e i ther  
cr i ter ion response) was again measured.  The difference 
be tween  p re -morph ine  react ion t ime  and th is  pos t -  
morph ine  reac t ion  t ime  is referred to as analgesia.  

Before t es t ing  sens i t iv i ty  to  pain,  each animal  was 
placed in a res t ra iner  and  the  t ip  of the  tai l  cut. 50 ~l of 
blood was d rawn  as rap id ly  as possible into a capi l lary 
p ipe t  and placed into 2 ml  of acetone/HC1 (100:3 V:V) .  
5 h of ex t rac t ion  a t  room t e m p e r a t u r e  were  allowed. The 
acetone/HC1 ex t rac t ion  m e d i u m  was  t rans fe r red  along 
w i t h  all t issue to  centr i fuge tubes  and  centr i fuged for  
20 rain a t  2000 rpm.  The acetone was decan ted  and  the  
t i s sue  resuspended  in 1 ml  of acetone.  

The wash  was al lowed to s t and  in t he  s toppered  
centr i fuge tube  for 30 min,  recentr i fuged,  and  added  to  
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the  original ex t rac t ion  medium.  All 3 ml  of ace tone  were  
air-dr ied employ ing  a cold air s t ream.  W h e n  dry,  2 ml  
of anhydrous  methanol /HC1 was added  and the  sample  
was ester if ied for 40 rain in an 85 ~ oven. 

A five ~zl sample  was analyzed wi th  a 6 feet  glass U tube  
packed  wi th  5yo F F A P  (Varian Associates). A Bend ix  
model  2500 gas ch ro ma t o g rap h  was used wi th  the  fol- 
lowing condi t ions :  in jec tor  210~ de tec to r  240~ 
co lumn 80~ for 2 min,  t h e n  increased to  200~ at  
8~ n i t rogen flow at  40 ml /min.  In  th is  manner ,  
per iphera l  blood levels of py ruva te ,  lactate,  fumara te ,  
succinate,  malate ,  c~-ketoglutarate, and  c i t ra te  were 
de te rmined .  

E x p e r i m e n t  2. Analgesic t es t ing  procedure :  The proce- 
dure  for th is  repl icat ion was the  same as in the  first  s tudy,  
except  t h a t  20 animals  were used. 

Analy t ica l  Procedure.  I m m e d i a t e l y  af ter  analgesia 
test ing,  the  an imal  was decap i t a t ed  and the  bra in  remov-  
ed over  ice. Whole-brMn morph ine  levels were de te rmined  
by the  me t h o d  of FINKLE et al. s, excep t  t h a t  the  ex t rac t  
was no t  boiled. The ex t rac t ion  and  der iva t iza t ion  ot the  
Krebs  cycle acids was the  same as in the  previous  s tudy .  
In  th is  s tudy,  m e t h y l  esters  were ch ro ma t o g rap h ed  once 
on an SE-30 co lumn under  t he  following condi t ions:  
de tec to r  260~ in jec tor  210~ column 150~ iso- 
t he rma l  for 3 min, t h e n  increased to  255~ at  4~ 

Sta t is t ica l  analysis.  In  E x p e r i m e n t  1, @ correlat ions 9 
were calculated be tween  1. r ank  on subs t r a t e  level and 
rank  on p re -drng  reac t ion  t ime  and 2. r ank  on subs t ra te  
level ahd rank  on analgesia (difference be tween  pre -drug  
and pos t -d rug  react ion t imes).  
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Table I. Average substrate levels (in mg/100 ml • S.E.) and 
correlations between substrate levels and pre- and post-drug reaction 
times 

Substrate Average level @ Correlations 

pre-drug post-drug 

Pyruvate 1.05 ~z 0.1 -- 0.24 
Lactate 10.7 -4- 0.9 -- 0.04 
Fumarate 1.27 :~: 0.I -- 0.19 

Succinate 7.21 i 0.5 -- 0.12 

Malate 5.02 -t- 0.3 -- 0.01 
~-Ketoglutarate 2.16 • 0.2 0.09 
Citrate 3.51 ~ 0.4 0.17 

0.84 ~ 
0.51 b 
0.37 
0.04 
0.08 
0.19 
0.40 

Table II. Average substrate levels (in mg/100 m l i  S.E.) and @ 
correlations between substrate levels, pre- and post-drug reaction 
time, and brain morphine level 

Substrate Average level @ Correlations 

pre-drug post- Morphine 
drug levels 

Pyruvate 1.02 ~ 0.1 -- 0.17 0.80 a 0.35 
Lactate 10.9 i 1.0 0.05 0.45 b 0.32 
Fumarate 1.20 i 0.2 -- 0.21 0.39 0.34 
Suecinate 7.11 i 0.6 0.04 0.08 0.23 
Malate 4.96 ~ 0.4 -- 0.10 0.04 0.64 ~ 
c~-Ketoglutarate 2.21 • 0.2 0.13 0.32 0.55 b 
Citrate 3.60 -4- 0.5 0.21 0.60 b 0.26 

a p ~ 0.01. b p ~ 0.05. ~ p ~ 0.01. b p ~ 0.05. 
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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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