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"THE ENZYMATIC BASIS FOR THE METABOLISM A N D  INHIBITORY 
ACTION OF VALPROATE (VP): DEHYDROGENATION OF VP-CoA BY 
2-METHYL-BRANCHED C H A I N  ACYL-CoA DEHYDROGENASE (2-me e l 01  5 BCAD). Michinor i  I t o ,  Yasuyuki Ikeda,  Gaetano Fino- 
cchiaro,*John Arnez, and Kay Tanaka. Yale Sch. of Med. 
New Haven, and *CUNY, N . Y .  (Spon. by W .  Roy Breg).  

VP i s  an e i g h t  carbon branched chain  f a t t y  a c i d .  I t  i s  widely 
used a s  an an t i - convu l san t .  Se r ious  t o x i c  s i d e  e f f e c t s  have 
occas iona l ly  been observed.  VP i s  considered t o  be mainly meta- 
bo l i zed  v i a  &oxidat ion and glucuronide  format ion,  and has been 
shown t o  i n h i b i t  f a t t y  ac id  ox ida t i on .  However, t he  enzymatic 
mechanisms a r e  c u r r e n t l y  unknown. We s tud i ed  the  VP-CoA ox ida t -  
ion  by acyl-CoA dehydrogenases (ADS) and i t s  i n h i b i t o r y  a c t i o n  on 
t h e s e  enzymes us ing p u r i f i e d  enzyme p repa ra t i ons .  ADS c a t a l y z e  
t he  f i r s t  r e a c t i o n  of t he  B-oxidat ion.  Five of them a r e  known. 
They & r e  s h o r t  (SCAD), medium (MCAD), long chain  acyl-CoA dehydr- 
ogenases (LCAD), isovaleryl-CoA dehydcogenase (IVD) and 2-meBCAD. 
We p u r i f i e d  a l l  f i v e  of them t o  homogeneity from r a t  l i v e r .  We 
a l s o  p u r i f i e d  SCAD, MCAD and IVD t o  homogeneity from human l i v e r .  
lluman LCAD was p a r t i a l l y  p u r i f i e d  from p l acen t a  mi tochondr ia .  AD 
a c t i v i t i e s  were assayed spec t ropho tome t r i ca l l y  us ing phennzine 
mcthosulfa te  and dichloroindophenol  (DCIP) a s  e l e c t r o n  accep to r s .  
Only 2-meBCAD dehydrogenated VP-CoA. The s p e c i f i c  a c t i v i t y  was 
167 nmol of DCIP reduced/min/mg p ro t e in .  This  value  was 7.6 per-  
c en t  of  t h a t  f o r  S-2-methylbutyryl-CoA, t he  bes t  s u b s t r a t e  f o r  
t h i s  enzyme. 2-Propyl-2-pentenoyl-CoA was i d e n t i f i e d  a s  t he  
r e a c t i o n  product by us ing GCIMS. No o the r  ADS dehydrogenated 
VP-CoA t o  any s i g n i f i c a n t  degree .  I n h i b i t o r y  e f f e c t s  were 
t e s t e d  us ing human Ads. 0 . 1  mM VP-CoA s l i g h t l y  i n h i b i t e d  MCAD 
a lone .  At 0 . 3  mM, i t  moderately i n h i b i t e d  SCAD, MCAD and I V D :  
t h e  i n h i b i t i o n  ranged from 18% f o r  I V D  t o  25% f o r  MCAD. 

EFFECTS OF SUBLETHAL DOSES OF ENDOTOXIN AND ASPIRIN 
(ASA) ON RAT HEPATIC ENERGY METABOLISM: AN ANIMAL 
MODEL OF REYE SYNDROME. L. K i l  a t r ick-Smith ,  S.D. 01016 Douglas, R.A. Po l in ,  B.E. CorkEy, Un ive r s i t y  =A 
Sch. of Med., Depts. of Peds. 6 Biochem., P h i l a . ,  PA 

The admin i s t r a t i on  of a  s u b l e t h a l  dose of endotoxin 
(LPS) t o  f a s t e d  r a t s  r e s u l t s  i n  biochemical and h i s t o p a t h o l o g i c a l  
p e r t u r b a t i o n s  s i m i l a r  t o  Reye Syndrome (RS), i e .  hyperammonemia, 
e l eva t ed  serum l a c t a t e  and f r e e  f a t t y  a c i d s ,  and hepa t i c  micro- 
v e s i c u l a r  f a t  depos i t i on  and swol len  mi tochondr ia  i n  t he  absence 
of c e l l u l a r  n e c r o s i s  (Yoder e t  a l ,  I n f e c t .  Immun., 1985). I n  
t h i s  s t udy ,  hepa t i c  energy metabolism was a s se s sed  i n  f r e e z e  
clamped l i v e r  samples (12 h r s  pos t  t rea tment)  obta ined from (250- 
300 gm Sprague-Dawley) r a t s  which had received an i n t r a p e r i t o n e a l  
i n j e c t i o n  of placebo-5% dex t ro se  (C),  0.2Smg L P S / ~ ~  (LPS), place- 
bo + l h r  l a t e r  50mg ASA/kg (ASA) o r  0.25mg LPS/kg + l h r  l a t e r  50 
mg ASA/kg (LPSIASA). I n  both LPS and LPS/ASA, ATPIADP dec l ined  
by 31% (p<0.005),  [ t o t a l  ke tones]  decreased by 40% (p<0.0005) and 
[ a c e t y l  CoA] decl ined by 37% (pq0.005) a s  compared t o  C and ASA. 
I n  LPSIASA, t h e r e  were i n c r e a s e s  i n  [ i s o v a l e r y l  CoA], [ i s o b u t y r y l  
CoA] and [B-methylcrotonyl CoA] a s  compared wi th  ASA (60%, 
pc0.01) and LPS (go%, p<.005). These r e s u l t s  suggest  i n h i b i t i o n  
of f a t t y  a c i d  ox ida t i on  and abnormal branch chain  amino a c i d  
(BCAA) ox ida t i on  and a r e  analogous t o  da t a  obta ined i n  p a t i e n t s  
wi th  RS showing hyperammonemia, compromised FA ox ida t ion  and 
accumulation of i n t e rmed ia t e s  of BCAA ox ida t ion .  Accumulation 
of BCAA in t e rmed ia t e s  w i th  LPSIASA i s  a  pos s ib l e  mechanism f o r  
t he  p o t e n t i a t i o n  of RS by ASA. These f i nd ings  provide  f u r t h e r  
biochemical evidence  t h a t  a  s u b l e t h a l  dose of LPS adminis tered  t o  
f a s t e d  r a t s  produces an  animal model of RS. (Supported by NS 
17752) 

CHANOES IN LACTATE PRODUCTION IN ENTERCCYTES UNDER AEROBIC 
AND ANAEROBICCONDITIONS. Robert E. Kimura. Kris Snow. Marm 

errettr. (Spons. by 0. Chan). U of Utah, Salt Lake City, UT. 1017 - The aerobic production of lactate from sluase by the intestine has 
been proposed & an important source of Grbon substrate for liver 
glycogen synthesis. In order to Wermine the significance of aerobic 

and anaerobic lactate production by jejunal villus cells, we determined lactate produc- 
tion and energy charge (EC), an indicator of intraxl lular  oxygen availability and 
oxidative phosphorylation activity, in  jejunal villuscells under aerobic and anaerobic 
mnd~t~ons  Adult rat  v ~ l l u s  cells were Incubated In a polarqraph~c chamber mntalnlng 
Krebs R~nger Phosphste Buffer, 5 mM glutamme, 5 m H  g l u m  and 5 mg/ml 0% The 
rate of 4 innsumpiion was determinedusing a Clark elecirode. Aliquotsof assay 
mixture were removed and analyzed for lactate, ATP, ADP and AMP mnc. after 5 periods 
( 5  min (aerobic), 4 min (anaerobic-O2 sat<3!8), 4 min anaerobic, 4 min recwery in 
which the cells ware pleced in an mrobic medium and a 4 min aerobic period). Lactate 
production was calculated by SubStrFCtlnQ lactate concentration of successive samples 
anddividing by the time interval. EC-(ATP+0.5*ADP)/(ATP+ADP+AMP). The results 
are meansiSD (n=4). The rate of 4 mnsumptlon, lnltlally 0.66t .OS(~mol/mg/mln)  
was not affected by 8 mln of hypoxia(0.7i.23). The EC aurlng theaeroblc period was 
0 .60 i .07 .  The EC decreased to 0 . 5 2 t . 0 8  end 0 . 4 6 ~ 0 5  (pc.03) at the endof 4 and 8 
min of hypoxia, lndicatlng that the hypoxic mndltlons altered the e n t e r m e  oxldative 
phosphorylation activity. After the recovery and subsequent mrobic period, the EC 
I n c r e s d  to 0 . 6 7 ~ 0 7  and 0 .65k .09  respectively, Indlcalingaeroblc metabolism of 
undamaged enterqtes.  Lactate production remained constant during the initial aerobic 
andanaerobic periods ( 4 5 . 8 i 2 . 0  nmol/mg/mln, 3 0 . 8 i 9  and 37 .0 i0 ) .  During the re- 
mvery period when the EC wes initially . 4 6 ,  lactate production increased to 7 7 . 8 i 2 0 . 1  
(pc.01). In thesubsequent aeroblc period, lactate production &Creased to its original 
rate ( 4 2 . 3 i  13.1 ). In  summary, under aerobic mnditions with a high EC, enterocytes 
can metabolize g l u m  to lactate and Is a p m l b l e  s w r Q  of portal venous lactate. Fur- 
thermore, e n t e r q t a  lactate praduction can increasa two fold during hypoxic conditions. 

THE NEONATAL PHENOTYPE OF GALACTOSEMIA 
Mark Korson, Mira I r o n s ,  Harvey L. Levy. 

1018 Hamard Med Sch, Ch i ld r en ' s  Hosp, Depts of 
P e d i a t r i c s  and Neurology, S t a t e  Lab In s t ,Bos ton ,  MA. 

Galactosemia (GAL)  due t o  Gal-1-PO4 u r i d y l -  
t r a n s f e r a s e  d e f i c i e n c y ,  i s  an inborn e r r o r  of galac-  

t o s e  metabolism causing neona t a l  morbidi ty  and m o r t a l i t y .  The 
g e n e r a l  f e a t u r e s  of GAL a r e  n o t  s p e c i f i c ,  and t h e  p a r t i c u l a r  
c h a r a c t e r i s t i c s  t h a t  may b e t t e r  d e f i n e  GAL i n  t he  neonate  have 
no t  been s y s t e m a t i c a l l y  s t ud i ed .  We have analyzed t h e  c l i n i c a l  
and biochemical f i n d i n g s  p r i o r  t o  t r ea tmen t  i n  a l l  23 neonates  
w i th  GAL i d e n t i f i e d  by r o u t i n e  s c r een ing  du r ing  t h e  p a s t  21 
yea r s .  At t h e  time of newborn screening i d e n t i f i c a t i o n ,  on ly  
one i n f a n t  had been diagnosed c l i n i c a l l y  a s  having GAL, a l t hough  
18  were symptomatic; 315 asymptomatic i n f a n t s  were b iochemical ly  
v a r i a n t .  Among a l l  a f f e c t e d  neonates  6  (26%) had b a c t e r i a l  i n -  
f e c t i o n s ,  5  w i th  bacteremia  and 1 wi th  u r i n a r y  t r a c t  i n f e c t i o n ;  
516 i n f e c t i o n s  were due t o  E. c o l i .  Hyperbi l i rubinemia  du r ing  
t h e  f i r s t  week of l i f e  was a lmost  exc lus ive ly  unconjugated, wh i l e  
t he  conjugated f r a c t i o n  tended t o  r i s e  only  du r ing  t he  second 
week. Serum t ransaminase  e l e v a t i o n s  were a s s o c i a t e d  w i th  con- 
jugated  hyperbi l i rubinemia .  Coagulopathy was t he  most d i s t i n -  
guishing f e a t u r e  of l i v e r  dys func t ion ,  and was d i s p r o p o r t i o n a t e  
t o  t h e  s e v e r i t y  of o t h e r  biochemical i n d i c a t i o n s  of l i v e r  d i s e a s e  
Of 11 i n f a n t s  s t ud i ed  by s l i t - l amp  ophthalmologic examination, 7  
(64%) had "water-drople t  c a t a r a c t s " .  

GAL produces s eve re  phys io log i c  d i s tu rbances  which a r e  o f t e n  
unsuspected from a  decep t ive ly  mi lde r  c l i n i c a l  p r e s e n t a t i o n .  
These d i s t u r b a n c e s  may be r e l a t e d  t o  t h e  long-term sequelae  now 
recognized i n  e a r l y - t r e a t e d  galac tosemics .  

THE GLYCOGEN SYNTHESIS GLUCOSE "PARADOX" I N  NEWBORN 
RATS. C Kunst,  R Kliegman, C Trindade. Case Western 
Reserve Univ.,  Dept. Peds . ,  Cleveland, OH A1 0 19 I n  a d u l t s  g lucose  (g lu)  is pa radox ica l l y  i nco r -  
pora ted  i n t o  l i v e r  glycogen (g lyc )  i n d i r e c t l y  v i a  
r e c y c l i n g  from l a c t a t e .  To i n v e s t i g a t e  t he  pathway 

of neona t a l  l y c  s y n t h e s i s  double l abe l ed  g lu  a s  6 - 3 ~  (non- T r e c y c l e ) ,  U- 4~ ( r ecyc l e )  a t  1 glkg g l u  o r  s a l i n e  (Sa l )  was 
i n j e c t e d  ( IP)  t o  f a s t e d  6h r  o ld  o r  1 day f a s t e d  5-7 d  o ld  r a t s  
(N=8-15). Glu, g lyc  and dpm were determined a t  15 ' .  30 ' ,  601 ,  
120' and 180 ' .  Af t e r  I P  S a l ,  g l u  i nc rea sed  spontaneously  i n  6  h r  
pups (5.5 t o  10.lmM) wh i l e  5-7 day pups had no glycemic response  
t o  Sa l .  Af t e r  g lu  IP  blood g l u  increased f u r t h e r  t o  15.5mM i n  6  
h r  pups whi le  i n  5-7 day pups g lu  i nc rea sed  t o  8.5mM a t  15 '  and 
then dec l i ned .  Between 15'-180' g lyc  dec l i ned  spontaneously  i n  
6  h r  pups a f t e r  S a l  (218225 t o  107'12 pm/g) wh i l e  g lyc  was un- 
changed i n  f a s t e d  5-7 day pups (13'2). Af t e r  I P  g l u  i n  6  h r  pups 
g lyc  was increased compared t o  S a l  IP  only  a t  180'  (143f9 v  
107'12, p<0.05).  I n  c o n t r a s t ,  i n  response t o  IP  g lu  i n  5-7 day 
pups g lyc  i nc rea sed  over f a s t i n g  va lues  and was e l eva t ed  a t  60 ' ,  
120' and 180 ' .  The r a t i o  of 311:14~ i n  g lyc  r e l a t i v e  t o  t h e  in-  
j e c t a t e  was 0.65f0.03 a t  15 '  and d id  not  change a t  180'  i n  6  h r  
pups sugges t i ng  no r ecyc l ing .  I n  c o n t r a s t  i n  5-7 day pups t he  
3 ~ : 1 4 ~  r a t i o  was 0.69'0.12 and dec l ined  t o  0.35'0.03, (p<0.01) a t  
t imes of n e t  h e p a t i c  g lyc  s y n t h e s i s  (120 ' ,  180 ' ) .  We conclude 
t h a t  t he  i n d i r e c t  pathway of g lyc  s y n t h e s i s  through r e c y c l i n g  was 
of  g r e a t e r  importance than d i r e c t  i nco rpo ra t i on  of g lu  t o  g lyc  i n  
5-7 day pups. The absence of such an e f f e c t  i n  the  6  h r  o ld  r a t s  
could be due t o  t he  l im i t ed  a c t i v i t y  of gluconeogenesis a t  t h i s  
t ime per iod.  

THE GALACTOSE-GLUCOSE "PARADOX" I N  NEONATAL MURINE 
HEPATIC GLYCOGEN SYNTHESIS. C Kunst, R Kliegman, 
C Trindade. Case West Res Univ, Dept Peds, Cleve, OH 01020 I n  a d u l t s  g lucose  (g lu)  i nco rpo ra t i on  t o  glycogen 
(glyc)  i s  i n d i r e c t  fo l lowing r ecyc l ing  from l a c t a t e .  
I n  neonates  ga l ac to se  ( g a l )  e n t r y  t o  g lyc  exceeds 

t h a t  f o r  g l u  bu t  t h e  pathway is  unknown. The pa th  of hexose 
i nco rpo ra t i on  t o  g l y c  was s t u d i e d  i n  5-7 day o ld  r a t s  and 6  h r  
o ld  r a t s  i n j e c t e d  ( IP)  w i th  e i t h e r  double l abe l ed  [ 6 - 3 ~  
(nonrecycle)  U - 1 4 ~  ( r ecyc l e ) ] -g lu  o r  ( 6 - 3 ~ ) - g l u  and (u-14c)-gal 
i n  s a l i n e  (S) ,  N=8-15. I n  another  group of r a t s  l g l k g  of g lu  o r  
g a l  w a s  used t o  determine glycemia and g lyc  s y n t h e s i s  a t  15 '  t o  
180 ' .  Glu i nc rea sed  from 3.4'0.4 t o  8.5f1.5mM i n  5-7 day pups i n  
response  t o  IP  g lu ;  t h e r e  was no glycemic response  t o  g a l ,  
although g a l  l e v e l s  i nc rea sed  from 0.5 t o  6 .3  mM a t  1 5 ' .  Glyc 
i nc rea sed  a f t e r  I P  g lu  from 14f2 a t  15 '  t o  30f3  a t  1 2 0 ' ,  (p<0.01) 
whi le  a f t e r  IP  g a l  g lyc  was 44f6 umol/g a t  120 ' ,  p<0.05. A f t e r  I P  
31u, 3~ and 1 4 ~  dpm i n  g lyc  i nc rea sed  s lowly w i th  1 4 ~  exceeding 
H a t  120'  and 180 ' .  In  c o n t r a s t  IP  1 4 ~  g a l  r e s u l t e d  i n  a  l a r g e  

peak of 14c inco rpo ra t i on  t o  g lyc  which was 5  f o l d  g r e a t e r  than 
t h a t  a f t e r  1 4 ~  g lu .  The r a t i o  of 3 ~ : 1 4 C  i n  g lyc  r e l a t i v e  t o  t h e  
i n j e c t a t e  a f t e r  I P  g l u  decreased from 0.69f0.12 t o  0.36'0.03, 
p<D.01 between 15 '  t o  180' wh i l e  t h e  r a t i o  a f t e r  g a l  was 0.06' 
0.007 t o  0.15+0.02. 6  h r  o ld  pups a l s o  demonstrated augmented 
i nco rpo ra t i on  of 1 4 ~  g a l  i n  g lyc  r e l a t i v e  t o  3 ~ 1 4 ~  g lu .  I n  
c o n t r a s t  t o  5-7 day pups t h e r e  was no evidence  of g lu  r ecyc l ing  
i n  6  lir. pups. I n  conclus ion,  g a l  e n t r y  i n t o  g lyc  exceeds t h a t  
f o r  g l u  and is  no t  dependent on r ecyc l ing .  D i r ec t  i nco rpo ra t i on  
of g a l  exceeds t h a t  f o r  d i r e c t  i nco rpo ra t i on  from 3~ g lu  suggest- 
i n g  a  p r e f e r e n t i a l  d ive r s ion  of g a l  f o r  neona t a l  g lyc  s y n t h e s i s .  
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