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vesicles were p roduced  e i the r  f rom pupae ,  or f rom newly  
h a t c h e d  imagoes.  For  s t u d y i n g  t h e  effect  of h o r m o n a l  
def ic iency on  t he  d e v e l o p m e n t  of t he  oocyte,  2nd -day  
p u p a e  were  d e p r i v e d  of b ra in ,  of co rpora  cardiaca ,  cor- 
p o r a  a l l a t a  a n d  p r0 tho rac i c  g lands  b y  c u t t i n g  off t he  an- 
t e r io r  p a r t  of t h e  b o d y  a f te r  t he  t e c h n i q u e  of WILLIAMS 1 
The  ovar ioles  were dissected f rom t he  i so la ted  a b d o m i n a  
o b t a i n e d  b y  t h i s  t e c h n i q u e  on  t he  5 th  day  a f te r  t he  opera-  
t ion,  t h a t  is on  t he  day  wh ich  for n o r m a l l y  deve lop ing  
p u p a e  is t he  second las t  day  of p u p a l  life. Normal ly ,  a t  
t h a t  t i m e  t h e  t e r m i n a l  egg vesicles of t h e  ovarioles  con t a in  
ful ly deve loped  oocytes  ~. 

The  t i ssue  was dissected w i t h o u t  narcosis ,  f ixed in 
g l u t a r a l d e h y d e  in cacody la te  buf fe r  a t  p H  7.3 and  
e m b e d d e d  in E p o n  812a. T he  m a t e r i a l  was  sec t ioned  on  a 
R e i c h e r t  u l t r a m i c r o t o m e  a n d  s u b s e q u e n t l y  c o n t r a s t e d  
w i t h  u r a n y l  a ce t a t e  fol lowed b y  lead c i t ra te4,  ~ a n d  
e x a m i n e d  in t he  J E M  7A e lec t ron  microscope.  

Results and discussion. I n  t h e  t e r m i n a l  egg vesicles 
found  in p u p a e  of G. mellonella a t  t he  6 th  d a y  a f t e r  p u p a -  
t ion,  t h a t  is a t  t he  onse t  of v i te l logenesis  2, n u m e r o u s  
p ro t ru s ions  of t he  p l a s m a  m e m b r a n e  e x t e n d i n g  to  the  
cor t ica l  zone of t he  oocyte  are conspicuous .  S imi lar  pro- 
t rus ions  were obse rved  in oocytes  of severa l  o t h e r  in- 
sects  6 8. However ,  ill c o n t r a s t  to  w h a t  was  found  in t he  
egg vesicles of Hyalophora, no special  microvi l l i  in  t he  
apica l  p a r t  of t h e  follicle cells a n d  no b r u s h  b o r d e r  on  t he  
oocy te  surface  were observed .  I n  Galleria, t h e  p a t t e r n  of 
b o t h  t he  fol l icular  cell a n d  t he  oocyte  p l a s m a l e m m a  m a y  
be  easi ly  fol lowed (Figure 1). These  two m e m b r a n e s  seem 
to be  in close c o n t a c t  w i t h  one ano the r ,  t he  d i s t ance  be- 
tween  t h e m  m e a s u r i n g  a b o u t  150 K, w h e n  n o t  filled w i t h  
a n  a m o r p h o u s  ad ie lec t ron ic  mater ia l .  The  agg lomera t i on  
of th i s  m a t e r i a l  is a c c o m p a n i e d  b y  local ex tens ion  of the  
in te rce l lu la r  space. N u m e r o u s  s lender  p l a s m a  m e m b r a n e  
i n v a g i n a t i o n s  appear ,  wh ich  are pa r t i a l l y  filled w i t h  a 
s u b s t a n c e  of s imi la r  e lec t ron  dens i ty  as t h a t  found  in t he  
in te rce l lu la r  space. The  i n v a g i n a t i o n s  seem to  be  fo rmed  b y  
t h e  oocyte  p l a s m a l e m m a  only,  i nd i ca t i ng  h igh  p inocy to t i c  
a c t i v i t y  of t h i s  m e m b r a n e  (Figure 2) s imi la r ly  as was  
found  in Colorado beetle egg vesicles 9. 

I n  t h e  course  of vi tel logenesis ,  t h e  fo l l icu lar /oocyte  
in t e r space  becomes  g radua l ly  more  e x t e n d e d  a n d  nea r ly  
u n i f o r m l y  fil led w i t h  e lec t ron  dense  mate r ia l .  

The  deve lop ing  oocyte  in  t he  course of v i te l logenes is  is 
p r o v i d e d  w i t h  p ro t e in s  10,11 and  p r o b a b l y  l ipids  1~ p roduced  
b y  t he  f a t  b o d y  a n d  t r a n s p o r t e d  b y  t he  h a e m o l y m p h .  
However ,  t he  follicle cells t hemse lves  also p r o v i d e  t he  
deve lop ing  oocy te  w i t h  newly  s y n t h e t i z e d  l ipids  18,14, pro- 
t e ins  a n d  glycoproteins15. Some of these  c o m p o n e n t s  are 
m o s t  p r o b a b l y  used for t he  f o r m a t i o n  of t he  v i t e l l ine  
m e m b r a n e ,  which ,  as has  been  found  in t he  oocytes  of 
Drosophila, c o n t a i n s  lipids, p ro t e in s  and  po lysacchar ides  16. 
Th i s  chemica l  h e t e r o g e n e i t y  of t he  v i te l l ine  m e m b r a n e  is 
re f lec ted  in t he  obse rved  n o n - h o m o g e n e i t y  of i t s  u l t ra -  
s t r u c t u r a l  p a t t e r n  (Figures 3 a n d  4). The  m a t e r i a l  ac- 
c u m u l a t i n g  a t  t he  0ocyte  b o r d e r  a n d  fo rming  t h e  m e m -  
b r a n e  is n o t  of equa l  e lec t ron  dens i ty ,  wh ich  is especial ly  
d i s t i nc t  a t  t he  f i rs t  s tages  of t he  m e m b r a n e  fo rma t ion .  I t  
is w o r t h  n o t i n g  t h a t ,  even  in v e r y  a d v a n c e d  s tages  of 
vi tel logenesis ,  t he  v i te l l ine  m e m b r a n e  r e t a in s  i ts  s p o n g y  

u l t r a s t r u c t u r e ,  wh ich  p r o b a b l y  enables  i t  to  con t inue  the  
p inocy to t i c  ac t iv i ty .  E v e n  w h e n  is i t  a b o u t  1 txm th ick ,  
t h e  de l ica te  i n v a g i n a t i o n s  of t he  oocy te  p l a s m a l e m m a  
end ing  w i t h  p inocy to t i c  vesicles are seen. 

I t  is k n o w n  t h a t  c u t t i n g  off t he  n o r m a l  h o r m o n e  inf low 
d i s t u r b s  t he  n o r m a l  d e v e l o p m e n t  of t he  egg vesicles of 
G. mellonella. L i g h t  microscopic  i nves t iga t ions  showed  
t h a t  oocytes  growing  in i so la ted  a b d o m i n a  do no t  
i n i t i a t e  v i te l logenesis  a n d  r e a c h  no t  more  a d v a n c e d  s tages  
t h a n  those  found  in 4-day-o ld  n o r m a l  pupae17. 

The  E M  s t u d y  shows t h a t  d e v e l o p m e n t  s tops  even  a t  an  
ear l ier  stage,  since, c o n t r a r y  to  t h e  t e r m i n a l  oocytes  of 
4 t h - d a y  pupae ,  t he  p l a s m a l e m m a  of t e r m i n a l  oocytes  of 
e x p e r i m e n t a l  i nd iv idua l s  fails to  show tile p inocy to t i c  
ac t iv i ty .  The  e x t e r n a l  ep i the l i a l  s h e a t h  of these  egg 
vesicles is d i s t i nc t ly  enlarged,  as well  as t he  fol l icular  epi- 
t h e l i u m  w h i c h  even  becomes  mul t i l aye red .  However ,  t he  
c o n t a c t  of t he  apica l  p a r t  of t he  follicle cells w i t h  t he  
oocy te  seems to be  r a t h e r  loose a n d  no  a c c u m u l a t i o n  of 
m a t e r i a l  in  t h e  in te r fo l l icu la r  cell spaces  and  a t  t he  oocyte /  
follicle in te r face  can  be  obse rved  (Figures  5 a n d  6). 

I t  seems p r o b a b l e  t h a t  t i le  lack of t he  p inocy to t i c  
a c t i v i t y  of oocyte  p l a s m a l e m m a  in ovarioles  deve lop ing  
in h o r m o n a l  def ic iency is caused  b y  t h e  lack of n u t r i t i v e  
ma te r i a l s  p r o v i d e d  to t h e  oocytes.  Th i s  m a y  be  t he  
consequence  as well  of t he  d i m i n u t i o n  of s y n t h e t i c  a c t i v i t y  
in  follicle cells, as of i n h i b i t i o n  of p r o d u c t i o n  or release of 
n u t r i t i v e  m a t e r i a l  f rom the  fa t  b o d y  invo lved  b y  t he  
e x p e r i m e n t  is. 

Rdsumd. Le p l a s m a l e m m e  des oocytes  se carac t6r i se  p a r  
une  g r a n d e  ac t iv i t6  p inocy tos ique  au  cours  de la vi tel lo-  
gen6se. Celle-ci semble  6tre  contr616e pa r  des fac teurs  
h o r m o n a u x ,  car  l ' a b l a t i o n  des g landes  endocr ines  b loque  
c o m p l 6 t e m e n t  ce t t e  ac t iv i t6 .  
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Reduced  Foeta l  C a l c i u m  Without  Ske le ta l  M a l f o r m a t i o n s  in Rats  F o l l o w i n g  High  Maternal  D o s e s  of a 
S t r o n t i u m  Salt  

Skele ta l  m a l f o r m a t i o n s  h a v e  been  r epo r t ed  fol lowing m a m m a l s .  The  t e r a togen ic  a c t i v i t y  of s t ron t ium,  a m e t a l  
h i g h  m a t e r n a l  doses of ' bone- seek ing '  m e t a l  ions such  as ion t h o u g h t  to  be  essent ia l  in  t r ace  a m o u n t s  for in i t i a l  
lead  1, 2, c a d m i u m  2-4, zinc* and  l i t h i u m  5-7 to  l a b o r a t o r y  os teogenesis  S, has  n o t  b e e n  s tudied .  I n  m a t u r e  an imals ,  
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th i s  ion is absorbed  to t he  h y d r o x y a p a t i t e  ma t r i x  of bone  
or is chemical ly  incorpora ted  in to  t he  minera t  phase  as a 
non-di f fus ible  p h o s p h a t e  9. The p resen t  inves t iga t ion  in to  
t he  effects  of h igh  m a te rna l  doses of a s table  s t ron t i um sal t  
g iven dur ing  the  per iod of max ima l  foetal  osteogenesis  
would  seem i m p o r t a n t  in v iew of previous  work  in which  
h igh  concen t ra t ions  of s t r on t i um ion have  been  shown to 
inh ib i t  calcif icat ion in the  bone  of neo-na ta l  mice 10 and in 
bone  cu l tured  in v i t ro  11. 

Virgin female  ra t s  of the  Wis t a r  s t ra in  were m a t e d  wi th  
p roven  males  and  the  day  when  spe rma tozoa  were f i rs t  
de tec ted  in vagina l  smears  was des igna ted  day  0 of preg- 
nancy.  The an imals  were given a s t anda rd  die t  con ta in ing  
0.9% calc ium and  negligible quan t i t i e s  of s t ron t ium.  Di- 
st i l led wa te r  was al lowed ad l ibi tum.  Groups of 3 females  
were  t r e a t ed  subcu taneous ly  wi th  doses of 25, 50, 100 or 
200 mg/kg  s t r o n t i u m  n i t r a t e  in I ml  of dis t i l led wa te r  f rom 
days  9 to  19 of p r e g n a n c y  when  t h e y  were kil led wi th  an  
overdose  of p e n t o b a r b i t o n e  sod ium (Nembutal ) .  Control  
an imals  were given 1 ml  of dis t i l led wa te r  subcutaneously .  
The foetuses were p rese rved  in 10% buffered  formal in  for 
h is to logy or in 95% e thano l  for po t a sh  macera t ion  and  
al izar in  s taining.  

His tological  sect ions of foetuses cut  t r ansverse ly  t h rough  
the  cephalic,  thorac ic  and  lumbar  regions were s ta ined  wi th  
h a e m a t o x y l i n  and  eosin, h a e m a t o x y l i n  and van  Geisen, 
to lu id ine  blue wi th  si lver impregna t i on  13 and  the  sodium 
rhod izona te  m e t h o d  for t h e  presence  of strontium13. 

The p rogeny  f rom the  t r ea t ed  mo the r s  d id  no t  differ 
f rom the  controls  in size or body  weight .  The l i t te r  sizes 
were  s imilar  and  the  n u m b e r  of resorp t ion  si tes  was no t  
increased (Table I). In  t he  al izarin s ta ined  foetuses,  t he  
skele tons  were normal  and  the  zones of calcif icat ion in the  
bones were of normal  propor t ions .  No histological  changes  
were  de tec ted  in t he  soft  t issues and  the  skeletal  t issues 
exh ib i t ed  the  charac ter i s t ic  degree of ossif icat ion for 19- 
day-o ld  r a t  foetuses.  Sodium rhod izona te  s ta in ing  for 
s t r o n t i u m  ion was very  pale and  only  observed  in ossifying 
regions and  no t  in soft  t issues.  These resul ts  indica te  t h a t  
unde r  t he  conven t iona l  me thods  of inves t iga t ion  h igh  
ma te rna l  doses of s t r o n t i u m  n i t ra te  are no t  te ra toge-  

nic when  given a t  a m a x i m u m  per iod  of bone  deve. 
lopment .  

To ascer ta in  the  levels of s t r o n t i u m  ion ac tua l ly  accu- 
mu la t ing  in t he  foetuses,  3 foetuses  f rom mothe r s  given 
50 and  200 mg/kg  s t r o n t i u m  n i t r a t e  were ashed and  the  
residue dissolved in 6 N  hydrochlor ic  acid. The solut ions 
were t h e n  ana lyzed  b y  a tomic  absorp t ion  spec t ropho to -  
m e r r y  for the i r  calc ium and s t r o n t i u m  contents .  The re- 
sul ts  are g iven in Table  II .  

These resul ts  show t h a t  the  level  of s t r on t i um in the  
foetuses is unchanged  despi te  a four-fold increase in the  
ma te rna l  dose of t he  s t ron t i um salt.  A s ta te  of ' s a t u r a t i o n '  
would  seem to be reached  in t he  foetuses a t  doses of 
50 mg/kg,  when  the  c a l c i u m : s t r o n t i u m  rat io a t t a i n ed  is 
a p p r o x i m a t e l y  40:1. This  is in ag reemen t  w i th  a previous 
obse rva t ion  in which  a sa tu ra t ion  po in t  is reached in young 
ra ts  when  the  ra t io  is 50:114. These au thors  considered t h a t  
the  s a tu ra t ion  was due  to  a m a x i m a l  adso rp t ion  of s t ron-  
t i u m  to t he  osteoid protein ,  a mechan i sm by  which  mos t  of 
t he  ini t ial  ion u p t ak e  occurs. L i mi t ed  s t ron t i um up take  
a f te r  th is  po in t  is possible  by  incorpora t ion  of the  ion into 
the  h y d r o x y a p a t i t e  s t ructure .  

In  con t ras t  to  the  co n s t an t  level of foetal  s t ron t ium,  the  
foetal  calc ium f rom mother s  given 200 mg/kg  was appreci-  
ab ly  less t h a n  in those  given 50 mg/kg.  To account  for th is  
observat ion ,  one m a y  specula te  t h a t  t he  high level of ma-  
t e rna l  s t r o n t i u m  ei ther  an tagonizes  t he  t r ansp lacen ta l  
passage of calc ium or a l t e rna t ive ly  t h a t  the  s t ron t i um ion 
upse t s  the  mate rna l - foe ta l  calcium balance  such t h a t  less 
ca lc ium is avai lable  for the  foetuses  t h a n  usual. 

The resul ts  of the  p resen t  s t u d y  lead to  the  conclusion 
t h a t  the  'bone-seeking '  p roper t ies  of the  meta l  alone are 
insuff ic ient  to  produce  skeletal  abnormal i t ies .  Ev idence  
exis ts  t h a t  t he  'bone-seeking '  meta l s  cadmium,  zinc, lead 
and  l i th ium possess cy to tox ic  p roper t ies  when  adminis te r -  
ed a t  h igh doses to  l abora to ry  an imal s  9,15-17. In  addi t ion,  
c a d m i u m  damages  the  chondrocy te s  of the  developing 
h a m s t e r  pa la te  is while lead has been  shown to  cause chro- 
mosomal  damage  in leukocyte  cul tures  10. I t  would  thus  
seem t h a t  the  skeletal  abnormal i t i e s  p roduced  by  these  and 
o ther  'bone-seeking '  meta ls  m a y  resul t  f rom some funda-  

Table I. The total numbers of foetuses and resorption sites in rats gi- 
ven subcutaneous doses of strontium nitrate in pregnancy 

Dosage Animals Total No. Total No. of 
(mg/kg) treated of foetuses resorptions 

Control 3 36 3 
25 3 36 6 
50 3 30 2 

100 3 31 4 
200 3 33 2 

Table II. Strontium and calcium content of foetuses from mothers 
given strontium nitrate in pregnancy 

Dosage No. of Strontium Calcium Ratio 
(mg/kg) foetuses content content Sr: Ca 

(ppm) (ppm) 

50 3 5.4=]=0.1 2 1 5 ! 1 5  1:40 
200 3 4.6-t-0.5 82-4-18 1:18 
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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.  

A. B. G. LANSDOWN, R. C. LONGLAND and  
P. GRASSO 20 

The British Industrial Biological Research Association, 
Woodmansterne Road, Carshalton (Surrey, England), 
25 October 197J. 

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 
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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. 


