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DOES HEME OXYGENASE ACTIVITY DEPEND ON THE VINYL 
SUBSTITUENTS OF HEME? R o l f  R. Enqel, James S. 
Levine, Cher 1  E l l i s ,  Michael D. L e v i t t ,  U of M loo3 Medical Scho;, Hennepin County Medical  Center and 
Minneapol is  VA Hosp i t a l ,  Departments o f  Ped ia t r i c s  
and Medicine, Minneapol is ,  MN 

Since cytochrome c  and myoglobin a re  heme p r o t e i n s ,  we tes ted  
t h e  assumption t h a t  t h e i r  ca tabo l i sm  c o n t r i b u t e s  t o  endogenous 
CO product ion(3co) .  A d u l t  mice were i n j e c t e d  w i t h  NaHC03 so lu-  
t i o n  o r  t h i s  s o l u t i o n  con ta in i ng  equimolar amounts o f  myoglobin, 
cytochrome c, f r e s h l y  d i sso l ved  hematin o r  hematin s to red  f o r  24  
and 48 h rs .  A f t e r  t he  i n j e c t i o n ,  each mouse was p laced i n  a  
g l a s s  chamber from which gas was sampled a t  4  and 23 h r s .  With- 
i n  4  h r s  o f  i n j e c t i n g  myoglobin o r  f r e s h l y  prepared hematin, t he  
vco was 2 t o  4  f o l d  g r e a t e r  t han  f o r  con,trol mice. T i n  protopor-  
p h y r i n  prevented most o f  t h i s  r i s e  i n  Vco s u g g e ~ t i n g  t h a t  heme 
oxygenase mediated t he  r e a c t i o n .  I n  con t ras t ,  Vco 4 h r s  a f t e r  
i n j e c t i n g  e i t h e r  cytochrome c  o r  s to red  hematin was i n d i s t i n -  
gu i shab le  from c o n t r o l  mice. However between 4 t o  23 h r s  Jco 
increased and was comparable t o  myoglobin o r  f r e s h  hematin 
t r e a t e d  animals. The cytochrome c  heme d i f f e r s  f rom myoglobin 
o r  hemoglobin o n l y  i n  t h a t  t h e  2 v i n y l  groups a re  cova len t l y  
l i n k e d  t o  cys te ine .  Storage o f  hematin a l s o  a l t e r s  these v i n y l  
groups (NEJM 315:235, 1986). Whi le these i n  v i v o  s tud ies  
suggest t h a t  heme cleavage a t  t h e  oc methene b r i d g e  requ i res  2 
v i n y l  groups on t he  ad jacent  p y r r o l e  r i n g s ,  i n  v i t r o  s tud ies  (J 
B i o l  Chem 257:9944, 1982) suggest a l t e r n a t i v e  exp lanat ions.  The 
de layed i nc rease  i n  Vco from cytochrome c  and aged hematin 
suggests e i t h e r  slow convers ion t o  compounds t h a t  are  cleaved by 
heme oxygenase o r  e x c r e t i o n  and CO fo rma t i on  by e n t e r i c  bacter ia .  

REDUCING LITTER SIZE BY ABLATION ENHANCES GROWTI1 AND 
INSULIN SECRETION I N  THE FETAL MT. Sandra Lo 

1004 F i n l e y ,  Edward S. Ogata,  Nor thwes tern  Univ. Med. 
School ,  Depts. of Peds, ,  ObIGyn, Chicago, IL. 

F e t a l  growth is  i n v e r s e l y  r e l a t e d  t o  l i t t e r  s i z e .  
L i t t l e  is  known about  t h e  mechanisms r e s p o n s i b l e  f o r  

t h i s  o r  i t s  p o t e n t i a l  consequences i n  t h e  newborn. To a d d r e s s  
t h i s ,  we developed a  f e t a l  a b l a t i o n  model i n  t h e  r a t .  A f t e r  an- 
e s t h e t i z i n g  t h e  mother on day  1 5  ( te rm 21.5 d a y s ) ,  we l i g a t e d  
s e l e c t e d  a r t e r i e s  i n  t h e  secondary  c a s c a d e  of  u t e r i n e  v e s s e l s .  
T h i s  a b l a t e s  i n d i v i d u a l  f e t u s e s .  A b l a t i o n  (A) reduced f e t a l  num- 
b e r  compared t o  c o n t r o l s  (C) (522 v  853) and a c c e l e r a t e d  f e t a l  
growth ( B i r t h w e i g h t  5,34+,05 v  5.01+.09 g ,  p<.01). A pups had 
i n c r e a s e d  l i v e r  mass .289+_.005 v  .254+.005 g ,  p<.001) but s i m i l a r  
l i v e r l b o d y  r a t i o s  compared t o  C s u g g e s t i n g  symmetr ica l  growth en- 
hancement. To some e x t e n t  a c c e l e r a t e d  growth was media ted  by i n -  
s u l i n ,  a  c r i t i c a l  growth s t i m u l a t i n g  hormone, s i n c e  plasma insu-  
l i n  conc were  s i g n i f i c a n t l y  e l e v a t e d  i n  A v C newborns (112,2+ 
14.2 v  67.qt10.1 uU/ml, pd.001). A pups developed hypoglycemia 
a t  0  and 2 0  m i n u t e s  o f  l i f e  (20  min 78.222.6 v  91,%4,8 mgldl ,  
p<,01),  T h i s  r e s u l t e d  from a  c a r r y o v e r  of  f e t a l  h y p e r i n s u l i n i s m  
(20  min 211.2516.0 v  5 2 , 5 3 9 . 0  uU/ml, p<.01) s i n c e  plasma g luca-  
gon conc d i d  n o t  d i f f e r  (20  min 736,7280,O v  655,0+_99.0 pglml) 
and h e p a t i c  g lycogen conc remained e l e v a t e d  i n  A pups ( 2 0  min 
71.4L3.2 v  52,0826.4 mg/g l i v e r ,  p<.01). R e s t r i c t i n g  l i t t e r  s i z e  
may enhance blood f low t o  t h e  remain ing  f e t u s e s  t h e r e b y  enhancing  
m e t a b o l i c  f u e l  s u p p l y ,  f e t a l  growth, and h e p a t i c  g lycogen d e p o s i -  
t i o n ,  I n c r e a s e d  i n s u l i n  a v a i l a b i l i t y  may m e d i a t e  t h e s e  changes 
and a l s o  c a u s e  n e o n a t a l  hypoglycemia, 

EXOGENOUS INSULIN ACCELERATES FETAL GROWTH AND CAUSES 
NEONATAL HYPOGLYCEMIA IN THE MT. Sandra  L. F i n l e y ,  
Edward S. Ogata, Northwestern  Univ. Med, School ,  1005 ;;f Peds., Ob/Gyn, Chicago, 

With m a t e r n a l  d i a b e t e s  i n  pregnancy, t h e  f e t u s  r e -  
c e i v e s  a  s u r f e i t  o f  m e t a b o l i c  f u e l s  and a s  a  conse- 

quence i n c r e a s e s  i n s u l i n  s e c r e t i o n .  I n s u l i n  s t i m u l a t e s  t h e  
growth  o f  s p e c i f i c  t i s s u e s  ticid t h e  combinat ion  o f  i n c r e a s e d  f u e l s  
and i n s u l i n  c a u s e s  macrosomia, To a s s e s s  t h e  e f f e c t  of  hyper in-  
s u l l n i o m  a l o n e  upon t h e  f e t u s ,  we i n j e c c e d  f e t a l  r z t s  i n  s i t u  
w l t h  i n s u l i n  (I) or s a l i n e  ( S )  on day 18 !term 2 1 . 5  d a y s ) ,  One 
day f o l l t ~ - ; i . i l s  i n j e c t i o n ,  I and S  f e t u s e s  were of  s i m i l a r  weight ,  
F e t a l h a t e r n a l  g l u c o s e  r a t i o s  d i d  not  d i f f e r  between I and S  f e -  
t u s e s  (-63-.75); however I f e t u s e s  had e l e v a t e d  plasma i n s u l i n  
(543,3+74,9 v  139.0t27,O uU/ml, p  .01) and d iminished  g lucagon 
conc (i51.8224,9 v  y67.7+35,0 pglml. By day  20 ,  I > S  f e t u s e s  
(4,582.09 v  3,16+_.07g, p<.001). I n s u l i n  (165,8+19,6 v 181,2+24 
uU1ml) and g lucagon were e q u i v a l e n t  between I and S  f e t u s e s ,  
Newborn I pups weighed 5.21+,05 and S,  4.932.09g (p<.001). While 
i n i t i a l l y  normoglycemic (0-60 m i d ,  I pups developed hypoglycemia 
a t  120  and 240 min of  l i f e ,  T h i s  r e s u l t e d  from a  s u s t a i n e d  insu-  
l i n  e f f e c t  s i n c e  w h i l e  S  newborns d e c r e a s e d  plasma i n s u l i n ,  I 
pups had r e l a t i v e l y  e l e v a t e d  v a l u e s  a t  60, 120, and 240 min ( 6 0  
min I 46.853.8 v  2 2 . 7 5 - 7  uU/ml, p<.01) and plasma g lucagon d i d  
n o t  d i f f e r  (60  min 429.6+50.2 v  359-3232 pglml).  For t h e s e  rea-  
s o n s ,  h e p a t i c  g lycogen conc i n  I pups remained e l e v a t e d  (20  min 
54,926.0 v  36.426.25 mglg l i v e r ,  p.<01), I n s u l i n  can  s t i m u l a t e  
f e t a l  growth w i t h o u t  t h e  p r o v i s i o n  o f  e x t r a  f u e l s .  F e t a l  hyper- 
i n s u l i n i s m  is  a s s o c i a t e d  w i t h  d e l a y  i n  t h e  normal d e c r e a s e  i n  
i n s u l i n  d u r i n g  t h e  n e o n a t a l  p e r i o d  and c a u s e s  hypoglycemia. 

EFFECT OF CYSTINE DIMETHYLESTER (CDM) ON RENALTUBULAR 
FUNCTION, A MODEL OF FANCONI SYNDROME. John W .  
Foreman, J u d i t h a n n  Lee ,  Mareare t  Ann Bowrin , S t a n t o n  a1 006 m n i v .  of  Penn. school -of  Medic ine ,  Thz C h i l -  
d r e n ' s  H o s p i t a l  o f  P h i l a d e l p h i a ,  Dept. o f  Ped . ,  P h i l .  

Fanconi syndrome i s  an  e n i g m a t i c d i s o r d e r  g l o b a l l y  
a f f e c t i n g  proximal t u b u l e  s o l u t e  h a n d l i n g .  C y s t i n o s i s  i s  a  com- 
mon cause  of  t h i s  syndrome and i s  c h a r a c t e r i z e d  b i o c h e m i c a l l y  by 
i n c r e a s e d  i n t r a c e l l u l a r  c y s t i n e .  Taking advantage  of  t h e  a b i l i t y  
o f  CDH t o  load  normal lysosomes w i t h  c y s t i n e ,  we examined t h e  
e f f e c t  o f  t h i s  compound on r a t  r e n a l  t u b u l a r  t r a n s p o r t  i n  v i v o  
and i n  v i t r o .  Normal a d u l t  r a t s  were i n j e c t e d  w i t h  400 pmoles 
BID of  CDM f o r  4 days  and then  u r i n e  was c o l l e c t e d  o v e r n i g h t .  
There was no d i f f e r e n c e  between c o n t r o l s i n j e c t e d  w i t h  s a l i n e  and 
t h e  t r e a t e d  r a t s  i n  plasma c r e a t i n i n e ,  g l u c o s e ,  phosphate ,  and 
amino a c i d s  except  f o r  c y s t i n e .  Ur ine  volume i n c r e a s e d  by 133%, 
a s  d i d  t h e  e x c r e t i o n  o f  phosphate (42%),  g l u c o s e  (35%) a l t h o u g h  
t h e  a c t u a l  amount l o s t  was q u i t e  low, and a-amino n i t r o g e n ( 1 7 9 X )  
w i t h  a  g e n e r a l i z e d  aminoacidur ia .  Renal t i s s u e  l e v e l s  o f  c y s t i n e  
were n o t  i n c r e a s e d  but  c y s t e i n e  l e v e l s  were. 

The e f f e c t  of  CDM on i s o l a t e d  r a t  r e n a l  t u b u l e  t r a n s p o r t  was 
s t u d i e d  by i n c u b a t i n g  t u b u l e s  w i t h  2mM CDM f o r  10 min. removing 
them from t h e  CDM b u f f e r ,  and resuspending  them i n  b u f f e r  w i t h  
l a b e l e d  s u b s t r a t e s .  CDM markedly i n h i b i t e d  t h e  i n i t i a l  and sub-  
sequent  uptake  of  2mEl a-methyl  g l u c o s i d e ,  0 . 1  mM g l y c i n e ,  0 . 1  mEl 
t a u r i n e ,  and 0.025 mM l y s i n e  whencompared t o  c o n t r o l  t u b u l e s  han- 
d l e d  i n  a  s i m i l a r  f a s h i o n  wi thout  CDM. Both t r e a t e d  and c o n t r o l  
t u b u l e s  appeared  v i a b l e  a s  measured by t r y p a n  b l u e  excl.usion.  
T i s s u e  c y s t i n e  was markedly i n c r e a s e d  w i t h  CDM. T h e s e s t u d i e s  i n -  
d i c a t e  t h a t  CDM can induce  a  new model o f  Fanconi syndrome both  
i n  v i v o  and i n  v i t r o .  

SULFUR AND METHYL BALANCES IN A NAN WITH HEPATIC 
METHICNINE ADENOSYLTRANSFERASE (MAT) DEFICIENCY 
W.A. Cahl ,  I .  Bernard in i  J.D. F i n k e l s t e i n ,  A. 007 Tangerman, J . 3 .  M a r t i n ,  a . ~ .  ,om, K.D. Mul len ,  ,.s. 
Mudd. N I ( H D ,  NWDKD, NIMH, Eethesda,  MD; VA tled. - 
@ n t e r ,  Wash., DC; S t .  Radboud U. Hosp., Nether lands .  

MAT c o n v e r t s  ATP and rnethionine (met )  t o  S-adenosylmethionine 
(SAM), a  methyl donor and i n t e r m e d i a t e  i n  t r a n s s u l f u r a t i o n  t o  ho- 
mocys te ine  (HS). HS i s  c a t a b o l i z c d  t o  i n o r g a n i c  s u l f a t e  f o r  ex- 
c r e t i o n ,  o r  i s  r e n e t h y l a t e d  u s i n g  b e t a i n e  o r  N ~ - m e t h y l t e t r a -  
h y d r o f o l a t e  (formed by ~ n e t h y l e n e t e t r a h y d r o f o l a t e  r e d u c t a s e ,  
M'llIFR). k k  s t u d i e d  s u l f u r  and methyl ba lances  i n  a  man w i t h  se-  
v e r e  but  incomple te  h e p a t i c  MAT d e f .  This  c l i n i c a l l y  normal in-  
d l v i d u a l  l i v e s  w i t h  20-30X n o r ~ o a l  plasma met (0.72 DM) and ex- 
c r e t e s  2.7 m o l l  day of  met and L-met-d-sulfoxide. His h e p a t i c  
SAM i s  low, 18 m o l / g m  wet wt. S teady s t a t e  b a l a n c e s  r e v e a l e d  
t h a t  he c o n v e r t s  o n l y  65% of i n g e s t e d  s u l f u r  t o  i n o r g a n i c  s u l -  
f a t e  ( n l ,  80.1+5.3%). Even w i t h  a  l a r g e  met l o a d ,  he c o n v e r t e d  
o n l y  6-7 mmol/day of  met t o  i n o r g a n i c  s u l f a t e ,  y e t  he produced d t  
l e a s t  18  mmol/day o f  SAM and llS. Gf t h e  18 m o l ,  9.5 was remeth- 
y l a t e d ,  and 6.6 mmol of  t h e  methyl  groups  were c o n t r i b u t e d  by N ~ -  
m e t h y l t e t r a h y d r o f o l a t e .  This methylneogenes is  appeared  v e r y  
h i g h  c o n s i d e r i n g  h i s  enormous met l o a d .  l h e s c  f i n d i n g s  s u p p o r t  
t h e  view t h a t  SAM r e g u l a t e s  t h e  d i s t r i b u t i o n  of HS between reme- 
t h y l a t i o n  and t r a n s s u l f u r a t i o n .  I n  t h e  p a t i e n t ,  a  low s t e a d y  
s t a t e  SAM may f a i l  t o  i n h i b i t  MTHFR o r  a c t i v a t e  c y s t a t h i o n i n e  
s y n t h a s e ;  t h e  consequence would be enhanced HS m e t h y l a t i o n ,  a s  
observed .  Measurement of a-keto-.I-methylthiobutyrate pro- 
d u c t i o n  i n  t h i s  p a t i e n t  a l s o  p laced  an  upper l i m i t  on t h e  capa- 
city o f  met t r a n s a m i n a t i o n  t o  c a t a b o l i z e  met i n  t h e  presence  
of an  e l e v a t e d  body l o a d  of met. 

SERUM GLYCOSYLATED PROTEINS (GP): PREDICTORS OF MATER- 
NAL-FETAL HYPERGLYCEMIA AND FETAL B.WT.? G e e t i  Ghosh, 
R.S. P i l d e s ,  Samuel Richton .  Cook County Hosp., Div.  a1 008 of Neonatology, Univ. of  I l l i n o i s ,  Chicago. 

The u s e f u l n e s s  of serum GP i n  d e t e c t i o n  of s u b t l e  
hyperg lycemia  was s t u d i e d  i n  3  groups  of m o t h e r l i n f a n t  

p a i r s :  20 normal120 AGA(Gr1): 20 normal120 MACRO, > 4.0kg ( G r I I I )  
and 9 d i a b e t i c  mothers110 n e o n a t e s  ( G r I I I ) .  Two d i a b e t i c s  were 
c l a s s  A, 4  c l a s s  B and 3  c l a s s  C. Materna l  serum HbAlc and GP and 
cord  GP were measured a t  d e l i v e r y .  Materna l  a g e ,  g r a v i d i t y ,  p a r i -  
t y  and g e s t .  age  were s i m i l a r .  G r I I  mothers  ga ined  more wt(pC0.01) 
than  GrI(meantSD, 41213 v s  28'7 l b s  r e s p . )  b u t  n o t  s i g .  d i f f .  t h a n  
G r I I I  mothers  (33212 l b s ) .  B.Wt. and B.Wt . ra t ios  were g r e a t e r  
( p < 0 . 0 1 )  i n  G r I I  ( 4 . 4 t . 3 k g ;  1 .392.1  r e s p . )  than  i n  GrI  (2 .9 i .3kg;  
0 . 9 t . 0 8 )  o r  G r I I I ( 3 . 3 t . g k g ;  1 . 0 8 t . 2 5 )  n e o n a t e s .  HbA1, and GP were:  - -  - - -  

I I1 111 

Materna l  HbAlc 6.74'0.78 6.88'1.13 7.4621.58 
Materna l  GP 9.75'2.49 10.05'1.99 13.77+2.31* 111 v s  I I o r I  
Cord CP 8 .60i1 .69  9 .10t1 .29  12.30+1.86* I I I  v s  I I o r I  
GP v a l u e s  were above t h e  95th  % i l e  i n  44% of moms and 80% of new- 
borns  i n  G r I I I  a s  compared t o  5% i n  G r I I  o r  GrI  p a t i e n t s  (pC0.01).  
Materna l  GP c o r r e l a t e d  s i g .  (p<0.001) w i t h  cord  GP i n  GrI  ( r = . 8 7 )  
and G r I I  ( r= .77)  b u t  not  i n  G r I I I  p a i r s .  B.Wt., B .Wt . ra t io  and 
plasma g l u c o s e  a t  l h r  c o r r e l a t e d  p o o r l y  w i t h  HbAlC and m a t e r n a l  o r  
cord  GP; however, B.Wt. and B.Wt . ra t io  c o r r e l a t e d  s i g .  ( p <  0.01) 
w i t h  m a t e r n a l  wt.  g a i n .  I n  summary, 1) GP a r e  more u s e f u l  t h a n  
HbAlc i n  d e t e c t i n g  s h o r t  term hyperglycemia  i n  d i a b e t i c  mothers  
and i n f a n t s  a t  d e l i v e r y ;  2) g l u c o s e  i n t o l e r a n c e  i n  macrosomic 
newborns and t h e i r  mothers  may be t o o  s u b t l e  f o r  d e t e c t i o n  by 
serum GP; 3) B.Wt. can  be s i g .  c o r r e l a t e d  w i t h  m a t e r n a l  wt.  g a i n  
b u t  not  w i t h  serum GP. **p < 0.001 
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