
EONATAL "HEPATIC RICKETS" I N  PREMATURE INFANTS RE- 
EIVING PARENTERAL ALIMENTATION (PA). MK F a r r e l l  , 
J Suchy, RC Tsang, JJ Steichen, JA Whi tset t ,  LC&- 

t i n ,  and WK Schubert. Univ. C i n t i . .  Dept. Peds., C inc inna t i .  -- 
During a s i x  month per iod,  s i x  premature in fan ts  (gestat ion 28 

31 wks, weight 790-1180 gm) developed cholestas is  and severe met 
abo l i c  bone disease wh i le  rece iv ing  parentera l  a l imentat ion.  
Spontaneous long bone f ractures occurred i n  316. In fan ts  receiv  
ed PA amino ac id  so lu t ions  f o r  a  mean of 4.5 wks (range 1-9); 41 
6 received I n t r a l i p i d .  Hepatic dysfunct ion ( d i r e c t  hyperb i l i rub  
inemia, elevated transaminases) was f i r s t  noted a t  a  mean of 29 
d (range 6-65) a f t e r  i n i t i a t i o n  of PA. Osteopenia was evident 
by x-ray i n  a l l .  Photon absorptiometry bone minera l  analys is  
(BMA) was decreased i n  314 i n f a n t s  (Steichen, A.J. Roent. 126: 
1283). 25-OH v i tamin  D (25-OHD) was markedly reduced, < 10 nglm 
i n  616; normal 20-80 ng/ml ( ~ e l s e y ' s ) .  Serum Ca was normal i n  
a l l  and P was 3.1-5.9 mgldl.  One o f  s i x  i n fan ts  d ied of non- 
5epatic causes. The l i v e r  showed cholestas is  w i t h  extramedullar 
5ematopoesis. cana l i cu la r  and hepatocel lu lar  s t a s i s  and minimal 
inf lammation i n  two cases examined. Surv iv ing in fan ts  were 
t reated w i t h  2500 u n i t s  v i t .  Dj p.o. and Ca 100 mglkgld. Frac- 
tures healed i n  313; serum 25-OHD l e v e l s  normalized i n  214; ser- 
.a1 HMA showed continued poor m inera l i za t ion  i n  314. Decreased 
serum 25-OHD may r e l a t e  t o  decreased in take,  absorption and hy- 
Aroxy lat ion o f  v i tamin  D and decreased enterohepatic c i r c u l a t i o n  
) f  25-OHD. "Hepatic Rickets" can occur i n  premature in fan ts  who 
ievelop cholestas is  whi le  rece iv ing  parentera l  a l imen ta t ion  and 
jhould be an t i c ipa ted  by s e r i a l  measurement o f  serum 25-OH v i t -  
Bmin D. 

IS HUMAN MILK THE BEST FOOD FOR LOW BIRTH WEIGH' 
BABIES? Gilbert 8. Forbes, University o f  Rochester Medico 
Center, Department of Pediatrics, Rochester, NY.  

Carcass analysis data show that the body content o f  N and minerals 
throughout fetal life are linearly related to body weight when plotted on 
double log coordinates. Hence they conform tothe allometric (heterogonic) 
equation Q =  bwk, whereQ i s  total body c  ntent and bandkare constants. 
When differentiated this becomes dQ=bkWt-'dW, which says that N and 
mineral accretions (dQ) are directly proportional to weight gain (dW)at any 
given body weight; and since k  differs from 1.0 the accretions corresponding 
to a given weight gain w i l l  oLo vary with body weight. Nomograms(to be 
presented) based on these equations allow one to read of f  theretention of 
N and minerals required to support normal body composition for a  given 
weight and weight gain (maintenance needs are extra). 

Application of  these data to low birth weight bobies indicates that human 
milk fed in usual amounts cannot meet the growth needs for N, Ca, P, N o  
and Fe in the face of rapid growth. However, i t  does contain enough K,CI, 
Cu, M g  and 5. 

For example, the P content o f  lOgm of  growth tissue in a 1000 gm baby 
can be calculated from the above formula as follows: 

d~ = 1.45 x  1000°J64 x IO(~W) = 45 mg 
200 ml human milk (i.e., 200 ml /kg)wi l l  provide only28 mg P, while most 
commercial formulas w i l l  provide about 90 mg P. 

BLOOD POLYAMINE DETERMINATIONS IN CHILDREN WITH 
LIVER DAMAGE. A.D. Garnica, B.M. Rodgers, O.M. 
Rennert, U. F lo r ida  College o f  Mediclne. Oept. 

Ped ia t r i cs  a-ery and U. Oklahoma, Dept. Ped ia t r i cs .  
Cel l  p r o l i f e r a t i o n  i s  associated w i t h  t i ssue  polyamine 

synthesis. Animal studies demonstrate increase i n  hepat ic  
put resc ine,  spermidine, and spermine a f t e r  surg ica l  o r  chemical 
l i v e r  I n j u r y ,  and have been in te rp re ted  t o  i nd ica te  hepat ic  
regeneration. Whole blood polyamines r e f l e c t  hepat ic  polyamine 
changes and were, therefore,  measured s e r i a l l y  i n  16 in fants  and 
ch i l d ren  w i t h  g ian t  c e l l  h e p a t i t i s  (61, chronic a c t i v e  h e p a t i t i s  
(6). fructosemia. ( I ) ,  and a f t e r  hepatectomy (3) .  A f te r  
hepatectomy the p a t i e n t s '  spermidine leve ls  increased 2.5-5.5 
times normal, spermine 1.5-3.5. S imi lar  e levat ions were seen 
l n l t i a l l y  i n  pa t ien ts  w i t h  hepatocel lu lar  i n j u r y ,  which returned 
t o  normal w i t h  biochemical reso lu t ion  o f  t h e i r  disease. Blood 
polyamines were normal-to-elevated i n  6 pa t ien ts  w i t h  chronic  
a c t i v e  h e p a t i t i s ,  increased w i t h  s t e r o i d  therapy and returned t o  
normal w i t h  continued therapy, i n  on ly  1 pa t ien t  a f t e r  
biochemical remission. h n g  pa t ien ts  w i t h  a c t i v e  disease the 
mean blood spermidine was 18.87nm/ml (8.31k3.92). spermine 8.6nm 
n l  (4.98?3.12), spermidine:spermine 2.28 (1.67t l  .26). A l l  
pa t ien ts  demonstrated a peak spermidine:spermine r a t i o  greater  
than 4 except two who expired w i t h  l i v e r  f a i l u r e .  

These data suggest tha t  the course o f  hepat ic  i n j u r y  and 
-egeneration might be monitored through s e r i a l  measurement o f  
blood polyamines. A d e f i c i e n t  polyamine response o r  pe rs i s ten t  
polyamine e leva t ion  may imply a poor prognosis. 

A A A  MILK PROTEIN QUALITY AND QUANTITY: EFFECTS ON  ORGANIC^ 
)  ACIDS IN LOW BIRTH WEIGHT INFANTS (LBWI). Gerald E. 

Gaull ,  Stephen R. Cohen, David K. Rassln. Ba i r  L. 
Chlou K i r s t i  Helnonen and N i e l s  C. Ralha. Ins t .  Res. Mental 
Retard., 5.1.. N.Y. and Univ. He ls ink i .  

Ur inary excret ion o f  organic  ac ids (OA) was determined by ga3 
chromatography-mass spectrometry i n  105 LBWl ( ~ 2 1 0 0 g )  randamly 
assigned t o  d i e t s  o f :  pooled human ml l k  (HH) o r  one o f  fou r  
i soca lo r l c  formulas vary ing i n  prot .  quant. (1.5 o r  3.0 9%) o r  
qual. (whey:casein o f  18:82 o r  60:40). Di f ferences were repor- 
ted prev ious ly  f o r  pH, neg. base excess and both plasma and 
u r i n e  amino a c i d  conc. as a func t lon  o f  both qual.  and quant. of 
d i e t  p ro t .  The TYR conc. was most Increased o f  the amino ac lds,  
and i t s  metabol l tes. p-OH-phenylacetic and p-OH-phenyllactlc 
aclds. are the most increased OA's. The OA metabol l t e s  of PHE 
were not  increased i n  the i n f a n t s  fed the 3.0 g% (18:82) formula 
(Fq) compared t o  those fed  HH; t h i s  f l n d l n g  co r re la ted  w i t h  the 
lesser  e f f e c t  o f  t h i s  formula on PHE compared w i t h  I t s  e f f e c t  or 
TYR. a-Keto-y-methlolbutyrate, the a-keto a c i d  o f  MET. was alsc 
excreted I n  h igher  concs. I n  the In fan ts  fed the F4 formula cam- 
pared t o  HM and co r re la ted  w i t h  s l m l l a r  e f f e c t s  on MET. Other 
OAs were less a f fec ted  o r  no t  d i f f e r e n t .  

Thus, biochemical e f f e c t s  o f  d i f f e r e n t  p ro t .  qual. and quant. 
I n  formulas are seen I n  the OAs as we l l  as i n  the amlno aclds. 
These e f f e c t s  g i ve  f u r t h e r  evidence o f  the need f o r  caut ton i n  
the use o f  formulas f o r  LBWl i n  which p ro t .  qual.  and quan. have 
no t  been evaluated systemat ica l ly .  (Supported by the New York 
State Department o f  Mental Hygiene.) 

D. R. M i l l e r  
I n  i r o n  deficiency, no t  on ly  i r o n  bu t  lead and cadmium are 

hyperabsorbed. Although the mechanism c o n t r o l l i n g  i r o n  absorp- 
t i o n  i s  s t i l l  poor ly  defined, i t  has been demonstrated t h a t  cad- 
mium absorption proceeds v i a  the same mechanism as i ron ,  and 
cadmium and i r o n  compet i t i ve l y  i n h i b i t  the absorpt ion o f  each 
other .  Since cadmium, arsenic and lead  are notor ious f o r  bind- 
i n g  t o  su l fhyd ry l  groups, we have explored the r o l e  o f  su l fhy -  
dry1 groups i n  the regu la t ion  o f  i r o n  absorption. 

I n  the r a t ,  admin is t rat ion o f  the su l fhyd ry l  blocker d i e t h y l  
maleate (EM; 0.6 ml/kg i .p. ) 15 minutes p r i o r  t o  p.0. 5 9 ~ e  ad- 
m i n i s t r a t i o n  reduced i r o n  absorpt ion t o  20% o f  the con t ro l  
value; when 5 9 ~ e  was administered i .v., DEM had no e f f e c t  on 
plasma i r o n  clearance. 

The admin is t ra t ion  o f  1  mg/kg arsenic  p.0. (as As 03)  dramat- 
i c a l l y  i n h i b i t e d  the absorpt ion o f  a  t e s t  dose o f  59fe adm~n is -  
tered 3 hours l a t e r .  Subsequent s tud ies o f  mucosal g lu ta th ione  
metabolism ind ica te  t h a t  GSH r a p i d l y  became bound t o  arsenic  
such t h a t  the e f f e c t i v e  GSH concentrat ion was reduced. I n  re -  
sponse t o  the b ind ing o f  arsenic  t o  GSH, de novo synthesis o f  
GSH occurred i n  the mucosal c e l l ;  when t h T G n t a t u s  returned 
t o  normal, normal i r o n  absorption a l so  resumed. These studies 
ascr ibe a r o l e  t o  GSH i n  i r o n  absorption and expla in why the 
heavy metals i n t e r f e r e  w i t h  i r o n  absorption. 

425 
INTESTINAL MATURATION: CALCIUM (Ca) TRANSPORT. F. 
Ghishan and M. K. Y ' .  College of,Med. U n i r  o f  
Iowa Hosp., Dept. o?%%#rics, Iowa C i t y ,  Iowa. 

Our previous study suggested t h a t  the permeabi l i ty  o f  the i n t e s -  
t i n a l  mucosa (PIM) t o  Ca was greater  i n  suck l ing (S) than i n  
adolescent (A) r a t s  (Pediat.  Res. 11:414, 1977). D e f i n i t i v e  stud- 
i e s  comparing PIM t o  Ca dur ing development are no t  ava i lab le .  
We compared t ranspor t  of Ca i n  the proximal i n t e s t i n e  o f  S (2  
week o l d ) ,  W (3  week o l d )  and A (6 week o l d )  ra ts ,  us ing an i n  
v i vo  r e c i r c u l a t i o n  per fus ion technique. The perfusates were i s o -  
t o n i c  NaCl s o l u t i o n  conta in ing e i t h e r  0.4, 1.6 o r  3.4 m o l e s  o f  
CaC12/1 and Phenol Red 20 mg/l. Ca t ranspor t  ra tes  (mean+S.E.; 
umoles/hr per  g. wet wt . )  from the d i f f e r e n t  so lu t ions  were: 0.4 
m o l e / l  (S, -32.3t6.5; A, -0.1t0.2; p<.001); 1.6 mnole/l (S, 
-14.8t2.3; A, 1.8t0.4; p<.005); 3.4 mnole/l (S, 27.6k6.0; A, 
3.3i0.9; pc.005). Transport (T) ra tes  i n  W r a t s  were in termedi-  
a te between those o f  S and A r a t s  (-4.5t1.6, 5.1t1.3, 19.021.5 
respect ive ly ,  from so lu t ions  conta in ing 0.4, 1.6 o r  3.4 m o l e  
Ca/ l ) .  The 8 f o l d  greater  ne t  absorption (+T) r a t e  a t  the high, 
and much greater  ne t  secret ion (-T) r a t e  a t  the low luminal Ca 
concentrat ions i n  S than A r a t s  i nd ica ted  t h a t  PIM t o  Ca was 
greater  i n  S than A r a t s .  The reason f o r  the age d i f fe rence  i s  
no t  known. However, the process o f  maturat ion appears t o  de- 
crease the PIM t o  Ca, which continues i n t o  the post-weaning age. 
I f  the age d i f ferences i n  Ca t ranspor t  i s  a l so  present i n  humans, 
young in fan ts ,  espec ia l l y  those w i t h  low b i r t h  weight, could be 
a t  r i s k  o f  l os ing  r e l a t i v e l y  l a rge  amounts o f  Ca i n t o  the i n t e s -  
t i n a l  lumen when d i e t a r y  Ca in take  stops abrupt ly .  
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