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During winter  1971-72 massive poisoning occurred throughout ru- 

r a l  I r aq  due t o  i nges t ion  of homemade bread prepared from seed 
wheat t r ea t ed  with a methylmercury(CHgHg) fungicide. Thousands o f  
ch i ld ren  and a d u l t s  were poisoned and hundreds of deaths  occurred 
(ScienceE:230.1973) .  P rena ta l  and e a r l y  pos tna t a l  exposure were 
documented(Ped.~:5,1974;AJDC~:1070.1976)and long term followup 
a tud ie s  of exposed f e t u s e s  and in fan ta  a r e  i n  progress.  Using a 
mouse model t o  determine p o t e n t i a l l y  s i g n i f i c a n t  va r i ab l e s  r e l -  
a t i n g  t o  CH3Hg t o x i c i t y  i n  the  developing mammal, we have obser- 
ved t h n t  compared t o  a d u l t s ,  suckl ing mice exc re t e  minimal 
amounts of t h e i r  body burdens of mercury. Grou s of young mice 
were exposed t o  a single non-toxic dose of CH$03Hg(0.4 mg/Kg. 
-)at 2,4.6 ... o r  28 days of age. Whole body counts and 
u r ina ry  and f e c a l  exc re t ion  were followed f o r  each exposure group. 
From b i r t h  t o  15 days, e l imina t ion  half-times of mercury ranged 
from 2500 t o  200 days. Betwen 16 and 18 days an abrupt increase  
t o  t h e  adu l t  e l imina t ion  half-time of 8 days occurred. Decreasea 
i n  whole body counts  were accu ra t e ly  r e f l e c t e d  i n  counts re- 
covered i n  exc re t a .  S tud ie s  a r e  underway t o  determine whether a 
s i m i l a r  developmental change i n  exc re t ion  occurs  i n  t he  exposed 
human in fan t .  Since e l imina t ion  half-time has been shown t o  be 
d i r e c t l y  r e l a t e d  t o  cumulative body burden a s  a funct ion of dura- 
t i o n  of exposure, these  observat ions  a r e  of importance i n  e s t i -  
mating exposure r i s k s  of human f e t u s e s  and in fan t s .  
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 re-eclanptic mothers (11-22) t r e a t e d  wi th  MgSO, and t h e i r  i n -  
f a n t s  (32-44 wks g e s t a t i o n )  were s t u l i e d  during l abo r  and t h e  
f i r s t  3 days o f  pos tna t a l  l i f e .  Maternal serum Mg increased from 
2.09i .091ng/dl (meaniSEM) pres tudy to peak 5.54f .52 and 4.44.t .41 
a t  de l ive ry .  Neonatal Mg a t  6-12 h r s  of age (4.15i.203 was lower 
than p l acen ta l  vein Mg (4.79*.38), pa i r ed  t ,  pC.05, and continued 
t o  f a l l  p o s t n a t a l l y  (3.39f.15 a t  24 h r s .  3.07f.15 a t  48 h r s ) .  but 
remained e l eva ted  (3.03f.18) a t  72 h r s .  In fan t  serum Mg a t  48 a1.d 
72 h r s  o f  age was higher  i n  premature i n f a n t s  (Mg vs ges t a t ion ,  
r - . 6 7 9 ,  pC.01 and r - . 6 2 8 ,  pC.05). In fan t s  with b i r t h  asphyxia 
(1-min Apgar 56) had higher  serum Mg a t  48 h r s  (3.60f .42 vs  2.863 
. lo ,  p<.O5). Urinary Mg exc re t ion  was low, .094f.048 mg/day on 
day 1, b u t  increased t o  5.47f4.91 on day 3 (n=5, pa i r ed  t ,  pC.07). 
I n f a n t  s e r m  Mg a t  24, 48 and 72 h r s  was d i r e c t l y  r e l a t e d  t o  w- 
t a r n a l  Mg l e v e l s  pres tudy (r=.679 - .792, pC.05) and a t  24 and 48 
h r s  was d i r e c t l y  r e l a t e d  t o  t h e  t o t a l  dose of Mg given t o  t h e  
mother (r-.737, .704, pC.01). Four i n f a n t s  judged to be hypotonic 
by an  observer  b l i n d  to Mg l e v e l s  (arbitrary neurologic s c a l e )  
had higher  Mg l e v e l s  a t  24 and 72 h r s  (pC.05). No r e l a t i o n  o f  
serum Mg with  e lect rocardiograms was shown; PR was prolonged 
P.12 s e c )  i n  5 o f  10 i n f a n t s  and prolonged QTc P . 4  sec )  i n  4 o f  
10. Thus, maternal Mg excess  is as soc ia t ed  wi th  prolonged neo- 
n a t a l  hypcrmagnesemia; premature and b i r t h  asphyxiated i n f a n t s  
have g r e a t e r  i n to l e rance  t o  Mg excess .  
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Studies  of neonata l  meningi t is  have shown the need for  a n t i -  
b io t  i c  therapy t h a t  r e l i a b l y  reaches the  c e n t r a l  nervous system 
(CNS) i n  t he rapeu t i c  l e v e l s .  In four i n fan t s  being t r ea t ed  fo r  
b a c t e r i a l  meningi t is  o r  v e n t r i c u l i t i s ,  chloramphenicol l eve l s  
were mzasured in  serum on 21 occasions and in  cerebrospinal  f l u i d  
(CSF) o r  v e n t r i c u l a r  f l u i d  on 21 occasions .  Drug l eve l s  were 
determined by a co lo r ime t r i c  procedure which mrasures only the 
a c t i v e  form of the  drug.  Pa t i en t s  received chloramphenicol i n  
doses of 25-35 mg/kg/day divided in two intravenous in fus ions .  

The peak level  of chlorsmphenicol i n  serum was 36.3 + 15.3 
<Ug/ml (mean + S .D.) and the trough level  was 24.0  _+ 11.8 uglml. 
CNS f l u i d  l eve l s  had a mean of 22.2 + 8 . 9  ~ g l m l .  Thus, ch lo r -  
amphenicol entered the CNS i n  the rapeu t i c  l eve l s .  i n  60-90 per 
cent  of serum l e v e l s .  CNS in fec t ion  was s t e r i l i z e d  wi thin  4 days 
i n  two in fan t s  with normal CSF dynamics while ven t r i cu l a r  f l u id  
was s t e r i l e  by 5 and 9 days in the in fan t s  with p re -ex i s t i ng  
hydrocephalus. Al l  four i n fan t s  had a good c l i n i c a l  response and 
none exhibi ted s igns  of chloramphenicol t ox lc l  t y  a f t e r  18-21 days 
of therapy.  

With the documentation of adequate and sa fe  t he rapeu t i c  l eve l s  
of chloramphenicol i n  the CNS in premature in fan ta .  i t  seems un- 
necessary t o  pursue more invasive techniques for  the  adminis t ra-  
t  ion of amino~lycoside  a n t i b i o t i c s .  
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The f e t u s  is  p a r t i c u l a r l y  suscep t ib l e  t o  t h e  tox ic  e f f e c t s  of 
mHg. Comparisons of mHg content  of maternal and newborn blood 
have ahown increased l e v e l s  i n  t h e  newborn. This  has  been a t t r i b  
uted t o  f a c i l i t a t e d  t r ansp lacen ta l  d i f f u s i o n  because of h igh f e t a l  
hematocrit  (Hct). This  s tudy shows t h e  converse, t h a t  t h e  d i f fu -  
s ion  of mHg diminishes progress ively  wi th  inc reas ing  Hct. The 
d i f f u s i o n  of m203~g ac ros s  a Mi l l i po re  membrane (.45u) s epa ra t ing  
compartments A and B of a d i f f u s i o n  c e l l  was s tud ied .  When both 
compartments contained s a l i n e  o r  plasma a lone . equ i l i b ra t ion  from 
A t o  B occurred i n  5 hours.  In t roduct ion of human red blood c e l l s  
(RBC) i n  s a l i n e  (Hct 20%) i n  B, r e s u l t e d  i n  a 2-fold inc rease  i n  
d i f f u s i o n  of mHg when compared t o  s a l i n e  a lone.  Increas ing Hct 
r e su l t ed  i n  a progress ive  decrease  i n  d i f fus ion .  At Hct 80%. t h e  
increase  i n  d i f fus ion  seen a t  Hct 20% was completely abolished. 
The presence of RBC i n  plasma (Hct 20%) i n  B, r e su l t ed  i n  a 60% 
decrease  i n  d i f fus ion ;  wi th  inc reas ing  Hct, d i f f u s i o n  was f u r t h e r  
reduced ( r  - -0.95, p < .001), u n t i l  a t  Hct 80% it was < 5% of 
t h a t  i n  plasma alone.  D i rec t  add i t i on  of mHg t o  RBC i n  s a l i n e  re- 
s u l t e d  i n  98% RBC uptake. Increas ing concentra t ions  of plasma 
( a t  constant  Hct) r e su l t ed  i n  a progress ive  decrease  i n  RBC up- 
take. In  undi luted plasma a t  Hct 14%. RBC uptake of mHg was 35%. 
Plasma e l ec t rophores i s  showed t h a t  much of mHg was a s soc ia t ed  with 
a high molecular weight l i popro te in  f r a c t i o n .  Plasma components 
appear t o  be  important i n  t h e  d i s t r i b u t i o n  of mHg i n  blood and 
may be a f a c t o r  i n  t h e  r e l a t i v e l y  higher  blood l e v e l s  i n  t h e  
f e t u s .  
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Methyl mercury (mHg) can have a devas t a t ing  e f f e c t  on t h e  in- 
t e g r i t y  of t h e  nervous system. Previous s t u d i e s  have shown t h a t  
t h e  f e t u s  is a t  p a r t i c u l a r  r i s k .  The admin i s t r a t ion  of mZo3Hg t o  
t h e  pregnant r a t  r e su l t ed  i n  a s u b s t a n t i a l l y  higher  l e v e l  i n  t h e  
b ra ins  of f e t u s e s  than i n  t h e  dam (12.6 i 2.6 (9) v s  3.0uglgm dry 
wt.)(M f SD). I n  t h e  chick embryo, t h e  LD-50 f o r  mHg i n j e c t e d  
i n t o  t h e  yolk sac  on Day 5 was 50ug. Embryos dying wi th in  24 
hours showed increased t o t a l  body mHg l e v e l s  when compared t o  
su rv ivo r s  (219 f 67 vn 105 f 41uglgm). Abmorption wan done-re- 
l a t e d ,  v i t h  a good c o r r e l a t i o n  between m o r t a l i t y  and body,blood 
and b ra in  l e v e l s .  Daily a n a l y s i s  of body mHg l e v e l s  a f t e r  i n j ec -  
t i o n  on Day 5 showed continued mHg accumulation (0.88 t 0.35ugl 
embryolday). However, t he  r a t e  of embryo growth exceeded t h e  
r a t e  of mHg absorpt ion,  r e s u l t i n g  i n  a progress ive  decreane i n  
mHg concentra t ion (from 94.5 i 34.2uglgm on Day 6 t o  45.3 i 13.4 
on Day 9) .  Adminintration a f  t e r  Day 5 r e s u l t e d  i n  a s i g n i f i c a n t  
reduct ion i n  l e v e l s  of mHg i n  b r a i n  on Day 18 (from 11.4 i Z.lyg/ 
gm when given on Day 5 t o  8.4 i 2.3 when given on Day 9) and i n  
mor t a l i t y  (from 64 t o  33%). Since blood mHg level.  remained un- 
changed, t h e  increased b ra in  l e v e l s  and higher  mor t a l i t y  e a r l y  i n  
embryogenesis may r e f l e c t  f a c i l i t a t e d  t r a n s f e r  of mHg a c r o r s  a 
poorly developed blood-brain b a r r i e r .  La te r  i n  development, t h e  
reduced mor t a l i t y  and love r  b ra in  mHg l e v e l s  correspond t o  t h e  
formation of spec i a l i zed  in t e r - endo the l i a l  j unc t ions  and a more 
e f f e c t i v e  blood-brain b a r r i e r .  
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More than s ix t een  formulas have been devised t o  a l low ad jus t -  

ment of average adu l t  drug doses  f o r  i n f a n t s  and ch i ld ren .  
Clark 's  r u l e s  based on body weight o r  body su r f ace  ex t r apo la t ion  
a r e  used most commonly, but  they do not  t ake  i n t o  account t h e  
developmental changes of t he  funct ion of t h e  e l iminatory organa 
and/or of t h e  r e l a t i v e  body composition. These developmental 
changes r e s u l t  i n  corresponding changes of drug e l imina t ion  and 
volume of d i s t r i b u t i o n  and the re fo re  n e c e s s i t a t e  d i f f e r e n t  "size- 
based" drug doses f o r  d i f f e r e n t  age groups. The product of t hese  
two f a c t o r s ,  t he  c learance,  a l lows t h e  use  of t h i s  s i n g l e  measure 
t o  e s t ima te  the  appropr ia te  drug dosage schedules  accordlng t o  
Dl?-(C,, x Cl)/F, where D s t ands  f o r  maintenance dose, 1 f o r  
dosage i n t e r v a l .  Css f o r  s teady s t a t e  concentra t ion and F f o r  
f r a c t i o n  absorbed i n t o  t h e  c e n t r a l  compartment. A l i t e r a t u r e  
review revea l s  da t a  a l lowing t h e  determinat ion of t he  r e l a t ion -  
s h i p  of drug c learance (mllhrlkg) versus  age f o r  such drugs a s  
gentamicin, d igoxin ,  su l f i soxazo le ,  theophyl l ine  and o the r s .  
Graphic p re sen ta t ion  of t hese  r e l a t i o n s h i p s  shows t h a t  drug 
c learances  (mllhrlkg) a r e  s i m i l a r  i n  newborns and a d u l t s ,  whi le  
between one and f i v e  years  t hese  c learances  a r e  much higher .  This 
"toddler" peak expla ins  i n  p a r t  t he  need f o r  l a r g e r  d r u ~  doses i n  
t h i s  age group t o  achieve s teady s t a t e  drug concentra t ions  which 
a r e  i d e n t i c a l  t o  those  found e f f e c t i v e  i n  a d u l t s  receiving lower 
doses. This r e l a t i o n s h i p  a l lows appropr i a t e  s i z e  based drug 
therapy continuously f o r  a l l  developmental s t ages  (ages).  
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