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connections be tween the  eggs removed.  For  ash and copper  
analyses, the  following 6 stages of deve lopment  were 
chosen: Stage I :  Soon af ter  spawning;  eggs deep green 
in color, oval  in shape (age: 0 to 24 h). Stage I I :  Trans-  
pa ren t  b las toderm visible a t  one end of the  egg (age: ca. 
48 h). Stage I I I :  Streaks of p igmented  eyes noticed. The 
egg sl ightly mi lky  white.  Occasional pulsat ions of the  
hear t  not iced (age: 6 to 7 days). Stage IV:  Eyes  and ap- 
pendages fully developed (age: 10 t o  12 days). Stage V: 
J e rky  m o v e m e n t s  of the  embryo  not iced occasionally 
(age: 14 to 16 days, jus t  prior to hatching).  Stage V I :  
Freshly  ha tched  zoeae (age: 16 to 17 days). 

Ash con ten t  of the  different  stages of eggs was deter-  
mined  by  incinerat ion of the sample (50 mg) a t  560 ~ for 
5 h s. Copper contents  of developing eggs and zoeae were 
es t imated  color imetr ical ly  following the  procedure de- 
tailed by KOLMER et al. 9. 
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Intake of ash and copper in the eggs of Palaemon lamarrei as a 
function of incubation time. 

Results and discussion. Marine crus tacean eggs are 
known to be ini t ia l ly  impermeable  to water .  However ,  
PA~I)IAN 4, ~ repor ted  t h a t  t h e y  were permeable  to salts 
th roughou t  their  development .  In  the  eggs of Palaemon 
lamarrei also, salts were absorbed f rom the  beginning of 
the  incubat ion  til l  ha tch ing  (Table). Ash ( :  salt) con ten t  
increased dur ing the  deve lopmenta l  stages bo th  as a 
percentage and quant i ta t ive ly ,  indicat ing t h a t  the  develop-  
ing egg ac t ive ly  absorbed salts f rom the  surrounding fresh- 
wa te r  medium over  a concent ra t ion  gradient .  I t  was there-  
fore interest ing to know whether  this increase was due to 
the  absorpt ion of copper, a v e r y  impor t an t  e lement  neces- 
sary for the  format ion  of haemocyanin .  Copper content ,  
which was about  175.3 [xg/egg or 364.4 sg /g  d ry  egg in 
stage I to I I I  (age: 1 to 7 days) exhib i ted  a marked  in- 
crease in stage VI  (freshly ha tched  zoea). In t ake  of copper  
in the  eggs of P. lamarrei as a funct ion of incubat ion  t ime  
also exh ib i ted  a more or less similar t rend  to tha t  of to ta l  
salt  in take  (Figure). In  a closely related species, Palae- 
mort malcomsonii, ~AJYALAKSHM110 observed t h a t  the  
deve lopment  of hear t  took place in 7- to l 1-day-old 
embryos.  In  P. lamarrei pulsat ion of the  hear t  was ob- 
served from 7 to 9 days of age. Hence,  a marked  increase 
in the  copper con ten t  f rom 0.182 ~g/egg in stage I I I  to 
0.245 sg/egg in stage IV  and fur ther  to 0.316 ~g/zoea Call 
be a t t r ibu ted  to an increased synthesis  of haemocyanin .  
On the  whole, i t  was observed t h a t  dur ing the  ent ire  
embryonic  development ,  last ing for 14 to 16 days, ou t  of 
a to t a l  salt  in take  of 11 ~zg as much  as 0.143 sg  was due 
to the  absorpt ion of copper. 

s R. T. PAINE, Ecology d5, 384 (1964). 
9 j .  A. KOLMER, E. H. SPAULDING and H. W. ROBINSON, Approved 

Laboratory Techniques (Scientific Book Agency, CMcutta, India 
1969), p. 1022. 

10 T. RAJYALAKSHMI, Proc. natn. Inst. Set. India, 26B, 395 (1960). 

Lipid and Phospholipid Content and Fatty Acid Composition of the Chick Lung During Embryonic 
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Summary. The evolut ion  of to ta l  phospholipid,  phosphat idylchol ine  and phospha t idy le thanolamine  con ten t  of chick 
lung dur ing embryonic  deve lopment  is in good agreement  wi th  morphological  data.  Sa tu ra ted  f a t t y  acids are predomi-  
nant ,  A sex-l inked difference is observed in the  evolut ion  of phosphafidylchol ine.  

Al though  the  existence of a pu lmonary  sur fac tan t  in 
birds was first  denied i, i t  is now well  established t h a t  the  
epi the l ium of the  funct ional  lung is l ined by  a surface 
act ive  phosphol ipoproteic  material ,  whose main features 
- h igh leci thin content ,  high percentage  of sa tura ted  f a t t y  
ac ids-are  similar  to those of the  m a m m a l i a n  sur fac tan t  2. 
Despi te  the  par t icular  s t ruc ture  of the  respi ra tory  paren-  
chyma,  which is a cont inuous ne twork  of air capillaries, 
the  role of the  sur fac tan t  in birds is comparable  to t h a t  in 
m a m m a l s :  i t  p revents  t ranssuda t ion  of p lasma fluids 
across the  blood-air  barrier,  and i t  helps to keep the  air 
capillaries open, to ensure sufficient ven t i l a t ion  a. I t s  
physiological  role is thus  considerable, and its appearance  
in the  course of foetal  deve lopment  is a v e r y  impor t an t  
step in funct ional  differentiat ion.  

In mammals, there is much information on normal 
evolution of lung lipids during foetal life, and recent 
results indicate that maturation of the pulmonary tissue, 
both morphological and biochemical, depends on the 
pituitary-adrenal axis ~-12. In birds, the maturation of 
lung tissue has so far been studied only from the mor- 
phological point of view; as in mammals, the granular 
pneumocytes, which are responsible for surfactant syn- 
thesis, begin to differentiate at a late stage 13, and as in 
mammals this differentiation depends on humoral 
factors, secreted by the hypophysis or controlled by 
itl4-1K From the biochemical standpoint, however, there 
are, so far as we know, no available data, either about 
normal development, or about the endocrine control of 
lung maturation. 
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The  resu l t s  r epo r t ed  here  conce rn  n o r m a l  evolu t ion ,  
q u a n t i t a t i v e  a n d  qua l i t a t ive ,  of lung  l ipids d u r i n g  t h e  
e m b r y o n i c  d e v e l o p m e n t  of t he  chick.  T h e y  r e p r e s e n t  t h e  
p r e l i m i n a r y  s tep  in t h e  s t u d y  of h o r m o n a l  con t ro l  of lung  
d i f fe ren t ia t ion .  

The  lungs  were r e m o v e d  f rom wh i t e  L e g h o r n  ch ick  
embryos ,  be tween  10 a n d  20 days  of i ncuba t ion .  Since 
NAYE et  al. is h a v e  po i n t ed  ou t  a d i f ference in t he  r a t e  of 
t he  morpho log ica l  d i f f e r en t i a t i on  of h u m a n  lung  accord ing  
to  sex, lungs  f rom females  a n d  males  were pooled sepa ra te -  
ly. To ta l  l ip ids  were e x t r a c t e d  b y  ch l o r o f o r m - m e t hano l ,  
accord ing  to  FOLCH et  al. 1~, a n d  t h e i r  a m o u n t  was  mea-  
sured  b y  g r a v i m e t r y .  The  phospho l ip id  c o n t e n t  was  eva lu-  
a t ed  on  a n  a l i quo t  p a r t  of t he  ex t rac t s ,  b y  m e a s u r i n g  t he  
a m o u n t  of p h o s p h o r u s  is, modi f ied .  The  p h o s p h a t i d y l -  
chol ine  (PC), i.e. lec i th in ,  a n d  p h o s p h a t i d y l e t h a n o l a m i n e  
(PE) c o n t e n t  were e v a l u a t e d  in t h e  same  way,  fol lowing 
s e p a r a t i o n  b y  t h i n  l ayer  c h r o m a t o g r a p h y ,  accord ing  to  
ROUSER et  al. x~ The  f a t t y  acid compos i t i on  of PC a n d  P E  
was d e t e r m i n e d  b y  gas l iquid  c h r o m a t o g r a p h y ,  fol lowing 
s u l p h a t e  m e t h y l a t i o n  a t  r oom t e m p e r a t u r e  ~0. 
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Total lipid and phospholipid content in the lung of the developing 
chick embryo (mg/g of wet weight -}- SE). A. Total lipid content. 
Each value is the mean of measurements of 6 to 20 separate extracts 
(2 to 12 pairs of lung for each extract, depending on stage). Since 
comparison of <~ and ~ values using Student's t-test did not show any 
significant difference, all the results are pooled. B. Total phospho- 
lipid content. Each value is the mean of measurements of 3 to 8 
separate extracts. Comparison of the ~ and ~ phospholipid content 
on day 16 using Student's t-test gives p < 0.01. No significant dif- 
ference at other stages. 

Table I. Lecithin and phosphatidylethanolamine content of chick 
embryonic lung (rag/per g of wet weight 4- SD) 

Age in days of Number Phosphatidyl- Phosphatidyl- 
incubation of extracts choline ethanolamine 

14~ + 6 8 5.71 ~ 0.79 2.69 • 0.43 
16~ 4 9.13 • 1.37 5.27 z~ 0.79 

<~ 3 5.54 zl_ 0.73 5.24 • 0.63 
18~ +(~ 8 6.37 -4- 0.98 5.31 q- 0.54 
20 ~ + c~ 8 7.16 • 0.62 6.47 :t: 0.66 

Comparison between the ~ and ~ PC levels on day 16, using Student 's 
t-test gives p <: 0.01. 

The  F igure  r ep resen t s  t he  ~volu t ion  of t h e  t o t a l  l ipid 
a n d  phospho l ip id  c o n t e n t  in  t h e  course of d e v e l o p m e n t .  
As s h o w n  b y  curve  A, t he  t o t a l  l ipid c o n t e n t  increases  
d u r i n g  i ncuba t ion ,  t h i s  increase  be ing  s t rong ly  e n h a n c e d  
b e t w e e n  days  15 and  16. The  v a r i a t i o n  of t he  t o t a l  phos-  
pho l ip id  c o n t e n t  (curve ]3), is, on  t h e  whole,  para l le l  to  
t h a t  of t he  t o t a l  l ipids:  t h e  a m o u n t  of phosphol ip ids ,  
wh ich  r ep resen t s  a b o u t  70% of lung  l ipids w h a t e v e r  t h e  
s tage  considered,  increases  sha rp ly  b e t w e e n  days  15 and  
16; moreover ,  a di f ference is seen, accord ing  to  t h e  sex, 
t he  p h o s p h o l i p i d  level  be ing  h ighe r  in  females  t h a n  in 
males .  This  difference does no t  last ,  a n d  is no  longer  ob-  
se rved  on d a y  17. 

A m o n g  ind iv idua l  phosphol ip ids ,  PC a n d  P E  are q u a n -  
t i t a t i v e l y  t he  m o s t  i m p o r t a n t :  t h e y  r ep re sen t  40 to  50% 
a n d  30 to 40% respec t ive ly  of t he  t o t a l  phosphol ip ids .  
T h e i r  v a r i a t i o n  (Table  I) is s imi la r  to  t h a t  of t o t a l  phos-  
phol ip ids .  B u t  on ly  lec i th in  exh ib i t s  ' sexua l  d i m o r p h i s m ' .  

F a t t y  acid compos i t i on  of PC a n d  P E  a t  d i f fe rent  s tages  
is g iven  in Tab le  I I .  I n  b o t h  cases, s a t u r a t e d  f a t t y  acids are 
s t rong ly  p r e d o m i n a n t .  I n  PC, t he  m a i n  acids are pa lmi t i c  
and  s tear ic  acids. The i r  percentage ,  a l r eady  h igh  a t  d a y  14, 
r ises p rogress ive ly  un t i l  t h e  end  of t he  i ncuba t ion ,  a t  wh ich  
t i m e  t h e y  r e p r e s e n t  80% of t he  t o t a l  f a t t y  acid con ten t .  
The  ' sexua l  d i m o r p h i s m ' ,  wh ich  was obse rved  in t he  q u a n -  
t i t a t i v e  evo lu t ion  of PC, seems to be also p r e sen t  in  t he  
r e l a t ive  a m o u n t  of i nd iv idua l  f a t t y  acids : first,  t h e  over-a l l  
degree of s a t u r a t i o n  is h igher  in  females  t h a n  in males ;  
second, t he  m e a n  ra t io  of pa lmi t i c  acid to  s tear ic  acid is 
d i f fe ren t  (3,5 in  females,  a n d  2,5 inmales  a t  t h e  end  of 
t he  incuba t ion ) .  I n  PE ,  a m u c h  larger  v a r i e t y  of f a t t y  
acids is f o u n d :  sho r t - cha in  acids (14 ca rbons  or less) 
a n d  long cha in  acids are well  represen ted .  But ,  un l ike  
t h a t  of PC, t he  f a t t y  acid compos i t i on  of P E  is iden t i ca l  
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Table II. Percentage composition of PC and PE fat ty  acids of the embryonic chick lung 

EXPERm~TIX 32[5 

Agein days < 1 4  16:0 17:0 18:0 18:1 18:2 20:4 Total Total 
olincubation saturated insaturated 

Phosphatidylcholine (PC) 

14 - ~  --  49.6 --  15.8 21.1 4.8 --  65.4 25.9 
-- 39.5 --  19.6 30.2 4.1 --  59.1 34.3 

16 -2. --  56.4 --  19.3 17.0 2.4 --  75.7 19.4 
c~ --  42.9 --  28.7 20.8 4.6 --  71.6 25.4 

18 - ~  - -  50.6 - -  23.1 20.9 0.6 - -  73.7 21.5 
- -  51.0 - -  25.3 17.9 2.3 --  76.3 20.2 

20 - ~ --  62.5 --  17.8 15.9 1.04 --  80.3 16.9 
--  54.7 --  21.5 19.5 2.0 --  76.2 21.5 

Phosphatidylethanolamine (PE) 

14 - ~  4.9 25.4 2.0 33.0 19.9 1.1 13.3 65.3 34.3 
7.6 23.3 1.4 30.1 17.4 5.1 10.6 62.4 33.1 

16 - ~ 1.8 19.1 4.6 29.7 20.5 5.0 17.7 54.2 43.2 
3.3 16.5 4.1 31.4 23.8 6.7 6.8 55.3 37.3 

18 - ~  3.4 12.7 5.0 30.6 19.7 6.8 17.6 51.7 41.1 
d' 2.0 11.9 5.8 27.2 18.6 8.4 18.7 46.9 45.7 

20 - ~  3.8 20.2 6.1 33.2 21.0 3.6 8.9 63.3 33.5 
4.2 13.3 7.6 32.5 21.8 6.1 12.7 57.6 40.6 

Each value is a mean of results obtained on 3 separate extracts. 

�9 ill m a l e s  a n d  f e m a l e s ,  a n d  d o e s  n o t  c h a n g e  in  t h e  c o u r s e  
of  d e v e l o p m e n t :  

I n  c o n c l u s i o n ,  t h e s e  r e s u l t s  a l l ow  u s  t o  e x t e n d  to  t h e  
c h i c k  s o m e  of  t h e  d a t a  c o n c e r n i n g  m a m m a l i a n  f o e t a l  
l u n g ;  f i r s t ,  a s  in  m a m m a l s ,  t h e  t o t a l  p h o s p t l o l i p i d  level ,  
a n d ,  m o r e  p r e c i s e l y  t h e  P C  a n d  P E  leve ls ,  r i se  s ign i f i -  
c a n t l y  in  t h e  c o u r s e  o f  d e v e l o p m e n t ~ ;  t h e n ,  t h e  r a p i d  
i n c r e a s e  in  t h e  t o t a l  a n d  i n d i v i d u a l  p h o s p h o l i p i d s  a m o u n t s  
o b s e r v e d  b e t w e e n  d a y s  15 a n d  16, c o i n c i d e s  w i t h  t h e  t i m e  
w h e n  g r a n u l a r  p n e u m o e y t e s  s t a r t  t o  d i f f e r e n t i a t e .  F i n a l l y ,  
a s  h a s  b e e n  d e s c r i b e d  for  r a b b i t  a n d  m o n k e y 2 2 ,  23, t h e  
p e r c e n t a g e  of  s a t u r a t e d  f a t t y  a c i d s  of  l e c i t h i n  i n c r e a s e s  
d u r i n g  m a t u r a t i o n .  

O u r  r e s u l t s  s h o w  also ,  a n d  t h i s  for  t h e  f i r s t  t i m e ,  a 
d i s t i n c t  s e x u a l  d i m o r p h i s m  in  t h e  e v o l u t i o n  of  t h e  l e c i t h i n  
level .  T h i s  d i m o r p h i s m ,  r e f l e c t e d  in  t h e  e v o l u t i o n  of  t h e  
p h o s p h o l i p i d  c o n t e n t ,  is IlO l o n g e r  p e r c e p t i b l e  in t h e  l eve l  

of  t o t a l  l ip ids ,  w h e r e  i t  is p r o b a b l y  m a s k e d  b y  t i l e  p r e -  
s e n c e  of  cho l e s t e ro l ,  t r i g l y e e r i d e s ,  f ree  f a t t y  ac ids ,  e tc ,  
w h i c h  we  d i d  n o t  d e t e r m i n e .  A t  t h e  p r e s e n t  t i m e ,  o n e  
c a n  o n l y  s p e c u l a t e  a b o u t  t h e  f a c t o r s  w h i c h  c a u s e  t h i s  
ea r l i e r  d i f f e r e n t i a t i o n  of  l u n g s  in  f e m a l e s ,  a l r e a d y  ob -  
s e r v e d  in  m a n  b y  NAYE e t  al. ~6 o n  a m o r p h o l o g i c a l  b a s i s .  
S ince  i t  is  w i d e l y  a c c e p t e d  t h a t  p u l m o n a r y  m a t u r a t i o n  is  
i n f l u e n c e d  b y  c o r t i c o s t e r o i d s  5-9, i t  w o u l d  be  of  g r e a t  
i n t e r e s t  t o  c h e c k  w h e t h e r  t h i s  p h e n o m e n o n  c a n  be  r e l a t e d  
t o  a s e x - l i n k e d  d i f f e r e n c e  in  t h e  o n s e t  o f  a d r e n o c o r t i c a l  
a c t i v i t y .  
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A b n o r m a l  M i t o c h o n d r i a  i n  R e t i n o b l a s t o m a  

C. N.  SIJ~ 

Veterans Administration Hospital and Department o/ Pathology, University o/ Arkansas College o[ Medicine, Little 
Rock (Arkansas 72206, USA), 6 October 7975. 

Summary. I n  e x a m i n a t i o n  of  s i x  r e t i n o b l a s t o m a  t u m o r  s p e c i m e n s ,  b i z z a r e  m i t o c h o n d r i a  w e r e  o f t e n  f o u n d .  S o m e  a r e  
i r r e g u l a  r f o r m s  w i t h  foca l  e x p a n s i o n  a n d  c o n s t r i c t i o n s .  O c c a s i o n a l l y ,  a p o r t i o n  of  t h e  m i t o c h o n d r i a  f o r m s  r i ngs .  
B r a n c h i n g  m i t o c h o n d r i a  a r e  a l so  seen .  O t h e r  s t r i k i n g  f e a t u r e s  of  t h e  m i t o c h o n d r i a  f r o m  t u m o r  cel ls  a r e  t h e  a l t e r a t i o n  
of  c r i s t a e .  D e n s e  b o d i e s  a r e  a l so  o c c a s i o n a l l y  o b s e r v e d  w i t h i n  t h e  m i t o c h o n d r i a .  M o r p h o l o g i c a l  m o d i f i c a t i o n s  of  t h e  
m i t o c h o n d r i a  m a y  be  as  r e s u l t s  of  p a t h o l o g i c a l  c o n d i t i o n s  of t h e  t u m o r  cells.  

A l t h o u g h  a l t e r a t i o n s  of m i t o c h o n d r i a  h a v e  b e e n  ob -  
s e r v e d  in  t u m o r  cei ls  s u c h  a s :  r e n a l  cell  c a r c i n o m a 1 ,  2, 
o n c o c y t o m a a ,  ~, a n d  W a r t h i n ' s  t u m o r ~ ,  ", c h a n g e s  of  
m i t o c h o n d r i a  in  t h e  t u m o r  cel ls  of  r e t i n o b l a s t o m a  h a v e  
n o t  p r e v i o u s l y  b e e n  r e p o r t e d  L 

I n  e x a m i n a t i o n  of  6 r e t i n o b l a s t o m a  t u m o r  s p e c i m e n s ,  
b i z z a r e  m i t o c h o n d r i a  we re  o f t e n  f o u n d .  T h e  t u m o r  
t i s s u e s  w e r e  t a k e n  f r o m  a f a m i l y  of 3 c h i l d r e n ,  2 of  w h i c h  

we re  f r a t e r n a l  t w i n s .  T h e  a g e s  of  t h e  c h i l d r e n  we re  f r o m  
12 to  21 m o n t h s .  P i e c e s  o f  t u m o r  t i s s u e  a b o u t  1 m m  3 we re  
i m m e d i a t e l y  p l a c e d  in  W h i t e ' s  s a l i n e  ( p H  7) w h i c h  c o n -  
t a i n e d  1~o o s m i u m  t e t r o x i d e  o r  D a l t o n ' s  c h r o m e - o s m i c  
f i x a t i v e  (pH  7.6) for  1 h .  T h e  s e c t i o n s  w e r e  s t a i n e d  w i t h  
u r a n y l  a c e t a t e  a n d  l e ad  c i t r a t e .  

M i t o c h o n d r i a  w i t h i n  t h e  t u m o r  cei ls  v a r i e d  c o n s i d e r a -  
b l y  in  size,  r a n g i n g  f r o m  0.3 t o  4 ~xm in  d i a m e t e r .  T h e  


