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men ta l  in ter ference  in the  funct ion  of chondrocy tes  and  
osteocytes  r a the r  t h a n  by  the i r  mere  depos i t ion  in 
bone. 

Zusammen/assung. Nachweis ,  dass  hohe  S t ron t ium-  
konzen t ra t ionen  die Kalz i f ika t ion  der  Knochen  neugebo-  
rener  M~tuse und  diejenige in Knochengewebsku l tu r en  

zo We are indebted to Mr. K. L. MURRAY of the Government Che- 
;mist's Laboratory for analyzing tissue samples by atomic absorp- 
tion speetrophotometry. We are also grateful to Dr. R. F. CRAMPTON, 
Director of BIBRA, for his interest and advice in this work. 

h emmen .  I m  Gegensatz  dazu und  zu anderen  knochen-  
aff inen Metal len wi rk t  S t r o n t i u m n i t r a t  in Dosen von 25, 
50, 100 and  200 mg/kg,  ve rab re ich t  w~hrend  des 9. bis 19. 
Tr~cht igkei t s tages ,  bei  1Ratten n ich t  te ra togen.  
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Esterases  in the Hearts ,  Lungs  and Livers  of H u m a n  Foetuses  Before M i d - T e r m  

BLANCO and  ZINKHAM 1 have  p resen ted  the  non-specif ic  
esterase zymograms  of var ious  h u m a n  t issues including 
some f rom foetal  spec imens  of advanced  ges ta t ional  age 
(5 m o n t h s  and  onwards) .  All t issues con ta ined  mul t ip le  
b a n d s  of es terase  ac t iv i ty  in pa t t e rn s  which  increased in 
complex i ty  as d e v e l o p m e n t  proceeded.  Var ia t ions  in 
p a t t e r n  be tween  d i f ferent  t issues were observed at  all ages 
and  the i r  f indings  are comparab le  w i th  those of MARKERT 
and HUNTER 2 who s tudied  the  mouse.  However ,  PAUl, 
and  FOTTRtgLL 3 were unable  to  d e m o n s t r a t e  any  differ-  
ences be tween  t h e  esterases  in h u m a n  t issues  of e i ther  adu l t  
or foetal  origin. 

This  paper  p resen t s  evidence for the  exis tence of ester-  
ases in m u c h  younger  h u m a n  foetuses and d e m o n s t r a t e s  
the  changes  t h a t  take  place in the  per iod of ges ta t ion  pr ior  
to  t h a t  examined  by  BLANCO and ZINKHAM. 

Ten no rma l  h u m a n  foetuses ob ta ined  at  h y s t e r o t o m y  
were used in th is  s tudy.  Their  c rown r u m p  lengths  var ied  
be tween  40 and  160 ram. Bo th  lyo and  desmo t issue  
ex t rac t s  were p repa red  as descr ibed earlier 4. S ta rch  gel 
e lect rophoresis  of all specimens  was carried out  a t  p H  7.5 
w i th  a hor izonta l  run  at  4~ for 4 h employ ing  a c o n s t a n t  
cur ren t  w i th  an average vol tage  drop  of 12 vol ts /cm.  

S imul taneous  coupl ing azo dye react ions  were per form-  
ed a t  p H  7.5 using ~ -naph thy l  ace ta te  and p ropr iona te  as 
subs t ra tes  (0.25 mg/ml)  w i th  Fas t  Blue 2B (1 mg/ml)  as 
t he  d iazonium sal t  in each case. The effects of the  inhibi-  
tors  eserine and E600 (Diethyl  4-nitro pheny lphospha te )  
were bo th  s tud ied  a t  molar  concen t ra t ions  of 1 ~ 10-5M. 
Mipafox Ibis ( isopropylamine)  phosphinocof luor ida te]  was 
employed  a t  2 • 10-SM. 

Es teraseswere  d e m o n s t r a t e d  in all the  specimens  so exa- 
mined.  The desmo f rac t ion  exh ib i t ed  fewer and less p r o m i -  

n e n t  bands  t h a n  the  lyo fraction.  However ,  a l l these  ' desmo '  
bands  were represen ted  in the  ' lyo '  z y m o g r a m  and re- 
sponded  similar ly to  inhibi t ion.  The progression in com- 
p lex i ty  m a y  be d iv ided into 2 stages, f i r s t ly  a t  40-80 m m  
and  secondly,  f rom 100 to  160 m m  crown rump  length.  At  
the  40 m m  stage each of t he  3 organs s tudied  has a qui te  
specific zy mo g ram p a t t e r n  (Figures 1, 2 and 3). W i t h  
~ -naph thy l  ace ta te  as subs t r a t e  a to ta l  of 4 isozymes are 
p resen t  (A, B, C and D). Some of the  isozymes are sensi t ive  
to  t r e a t m e n t  w i th  E600 (Figure 1). The  response of a n y  
one b a n d  to  inhib i t ion  may,  however ,  differ  f rom one 
organ to  the  next ,  for example ,  the  b o t t o m  band  C of 
ac t iv i ty  in t he  lung (Figure 3) as visual ized w i t h  the  e- 
n a p h t h y l  ace ta te  subs t r a t e  shows no inhib i t ion  by  E600. 
In  contras t ,  the  equiva len t  b a n d  C in the  liver (Figure 2) 
is comple te ly  inh ib i ted  by  th is  co mp o u n d  using the  same 
subs t ra te .  

Three isozymes A, 13 and  C are found when  the  e -naph-  
t hy l  p ropr iona te  subs t ra te  is employed.  The two mos t  slow- 
ly mig ra t ing  bands  A and B are b o t h  insensi t ive  to E600 in 
all 3 t issues whereas  the  b o t t o m  band  C is cons i s ten t ly  in- 
h ib i ted .  An individual  b a n d  m a y  however  mani fes t  differ- 
ent ia l  sens i t iv i ty  to E600 wi th  d i f ferent  subst ra tes .  The 
b o t t o m  b a n d  C in the  lung (Figure 3) is not  inhib i ted  by  
E600 using e - n a p h t h y l  ace ta te  bu t  is inhib i ted  when  the  

1 A. BLANCO and W. H. ZINKHAM, Bull. John Hopkins Hosp. 118. 27 
(1966). 

2 C. g. MARKERT and R. L. HUNTER, J. Histoehem. Cytochem. 7. 42 
(1959). 

3 T. PAUL and P. FOTTRELL. Biochem. J. 78, 418 (1961). 
4 I. [V[. TAYLOR and R. B. SMITH, J. Histochem. Cytochem. 79, 498 

(1971). 
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Fig. 1. 50 mm Human heart. Zymogram of 'lyo' extract showing 3 
isozymes A, 13 and C. c~-naphthyl acetate (NA) and propionate (NP) 
were employed as substrates. 
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Fig. 2. 50 mm Human liver. Zymogram of 'lyo' extract containing 3 
isozymes t3, C and D. 
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Fig. 3. 50 mm Human lung. Zymograms of 'lyo' extract reveals 2 
isozymes B and C. Each is present in the heart, liver and lung at this 
stage although considerable variation is found in their substrate pre 
ferenee and response to E600 inhibition. 

Fig. 4. Zymograms of heart, liver and lung at the stages indicafed. 
Multiple bands of activity are seen with the ~-naphthyl acetate sub- 
strate. , 

p r o p r i o n a t e  s u b s t r a t e  is employed .  Neve r the l e s s  in  t he  l iver  
(Figure  2) t he  same  b a n d  C, e l ec t rophore t i ca l ly  ident ica l ,  
is t o t a l l y  i n h i b i t e d  us ing  e i t he r  subs t ra t e .  T he  reasons  for 
such  d i f fe ren t ia l  i n h i b i t i o n  h a v e  been  t he  source of con- 
s iderab le  specu la t ion  (CHOUDHURY a n d  LUNDYS). A l t h o u g h  
th i s  p h e n o m e n o n  has  been  descr ibed  in b o t h  t he  a d u l t  r a t  
a n d  r abb i t ,  BLANCO a n d  ZINKHAM 1 n o t e d  t h a t  t h e  b a n d s  
t h e y  found  in h u m a n  t i ssues  showed  a r e m a r k a b l e  
s imi l a r i t y  in  enzymic  a c t i v i t y  and  in s ens i t i v i t y  to  in- 
h ib i to r s .  

The  per iod  be tween  t h e  100 a n d  160 m m  crown r u m p  
l e n g t h  s tages  is one of i n t ense  a c t i v i t y  so far  as t he  devel -  
o p m e n t  of a m u l t i p l i c i t y  of es terase  enzymes  is conce rned  
(Figure  4). F o r  t he  f i rs t  t i m e  b a n d s  which  m i g r a t e  ca tho-  
da i ly  are observed .  I n  all  3 t i ssues  these  c a t h o d a l  b a n d s  b u t  
no  o the r s  are t o t a l l y  i n h i b i t e d  b y  M I P A F O X  a t  2 X 10 .5 M, 
A t  t he  same  t ime ,  no b a n d  in  a n y  t i ssue  appea r s  to  be  
af fec ted  b y  eser ine  a t  1 x 10-5M or indeed  a t  a n y  con-  
c e n t r a t i o n  up  to  1 x 10-~M. This  is no t  in  accord  w i t h  t he  
f ind ings  of BLANCO a n d  ZINKHAM who cons i s t en t l y  
showed  de le t ion  of b a n d s  us ing  eser ine a t  1 • 10-4M a t  a 
p H  o f  7.3. 
Chol ines te rases  are  k n o w n  to  be  p r e s en t  in  severa l  
o rgans  in t h e  h u m a n  foe tus  f rom t he  28 m m  s tage  
onwards  4, 6, 7. However ,  b a n d s  of card iac  cho l ines te rase  
a c t i v i t y  of b o t h  t r ue  a n d  pseudo  types  d e m o n s t r a t e d  b y  
t h e  m e t h o d  of KARNOVSKY and  ROOTS do n o t  coincide  in 
pos i t ion  w i t h  a n y  b a n d  of a c t i v i t y  seen a f t e r  i n c u b a t i o n  
us ing  e - n a p h t h y l  es ter  s u b s t r a t e s  4. 

If,  therefore ,  b o t h  t he  o b s e r v a t i o n s  descr ibed  a b o v e  and  
those  of BLANCO a n d  ZINKHAM are  val id ,  t h e  a p p a r e n t  
c o n t r a s t  in  r e a c t i v i t y  a n d  s e n s i t i v i t y  to  i n h i b i t i o n  can  on ly  
be  exp l a ined  on  t h e  bas is  of some change  h a v i n g  t a k e n  
place  in t he  enzyme s  themse lves .  P r e s u m a b l y ,  chol in-  
es terases  in i t i a l ly  e x h i b i t  h i g h l y  se lect ive  a c t i v i t y  w i t h  
respec t  to  poss ib le  s u b s t r a t e s  a n d  lose th i s  speci f ic i ty  as 
d e v e l o p m e n t  con t inues .  

The  z y m o g r a m s  f rom t he  m o s t  a d v a n c e d  foe tus  are 
comp lex  (Figure  4), more  so t h a n  in t he  y o u n g e s t  such  
s tud ied  b y  BLANCO a n d  his  colleague. F u r t h e r  e x a m i n a t i o n  
of t he  whole  series revea ls  t h a t  c e r t a i n  b a n d s  of a c t i v i t y  
d i s a p p e a r  in  t h e  l a t e r  specimens .  Th i s  is seen, for  example ,  
in  t he  l ung  (Figure  3) where  t he  on ly  b a n d s  p r e s e n t  a t  t h e  
50 m m  crown r u m p  l e n g t h  s tage  (B a n d  C) are  b o t h  
de le ted  b y  t he  100 m m  stage.  R e c e n t l y  O'HARE, NEWMAN, 
VATTER, a n d  REi s s  s h a v e  m a d e  s imi la r  o b s e r v a t i o n s  in  
t h e i r  s t u d y  of t h e  es terases  in  t h e  deve lop ing  r a t  lung.  

F r o m  a d e v e l o p m e n t a l  v i ewpoin t ,  i t  m i g h t  be  expec ted  
t h a t  those  enzymes  essen t ia l  for f u n d a m e n t a l  foe ta l  
m e t a b o l i c  p a t h w a y s  would  be  t h e  ones d e m o n s t r a b l e  
d u r i n g  t he  ear ly  s tages  of ges ta t ion .  The  isozymes descr ibed  
a t  t he  40 a n d  50 m m  stages  would  come  w i t h i n  th i s  bas ic  
ca tegory .  As d e v e l o p m e n t  proceeds,  more  complex  iso- 
zymes  a p p e a r  a n d  those  w h i c h  suff iced a t  ear l ier  s tages  
g r adua l l y  d i sappear .  

I t  h a s  been  sugges ted  t h a t  t he  non-speci f ic  es terases  m a y  
be  i m p l i c a t e d  in t he  con t ro l  of t i s sue  g r o w t h  fac tors  9 and  
O'HARE et  al.  s brave c o m m e n t e d  on  t he  i n t i m a t e  re la t ion-  
ship  b e t w e e n  b iochemica l  a n d  morpho log ica l  changes  in 
t he  deve lop ing  r a t  lung.  

The  es terases  a re  a v e r y  c o m p l i c a t e d  f a m i l y  h a v i n g  in 
m a n y  cases a m u l t i s u b s t r a t e  r e a c t i v i t y  a n d  a wide r ange  
of s ens i t i v i t y  to  va r ious  o r g a n o p h o s p h o r o u s  poisons.  
Some groups  of enzymes  such  as t he  l ac t i c  dehydro -  
genases  h a v e  been  ex t ens ive ly  s tud ied  d u r i n g  develop-  
m e n t  b u t  t he  e s t e r a s e s  h a v e  been  r e l a t i v e l y  neglected.  
Some of t h e  i m p o r t a n t  f ea tu res  n o t e d  d u r i n g  t h i s  p re l imin-  
a r y  s t u d y  of t he  non-spec i f ic  es terase  p a t t e r n s  h a v e  been  
emphas ized .  F u r t h e r  work  is p roceed ing  to e luc ida te  these  
p r o b l e m s  a n d  t he  s t u d y  is be ing  e x t e n d e d  to o the r  t i ssues  
a n d  b e y o n d  m i d - t e r m  to  inc lude  t he  whole  per iod  of 
ges ta t ion .  

Zusammen/assung. Versch iedene  F r a k t i o n e n  von  Es te -  
r a sen  in e m b r y o n a l e m  Gewebe u n d  e n z y m a t i s c h e  Rei-  
fungsprozesse  wi ih rend  de r  Ontogenese  werden  beschr ie-  
ben.  
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