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T h e  Effect  of I o d o a c e t a t e  on  the  D e v e l o p i n g  Chick  

D u r i n g  t he  course of an  e x p e r i m e n t  in  wh ich  t h e  effects  
of i odoace ta t e  on  o rgans  in  deve lop ing  chicks  were 
e v a l u a t e d  1, i t  was  found  t h a t  th i s  a n t i m e t a b o l i t e  also 
p r o f o u n d l y  r e t a rds ,  h i s to logica l ly  as well  as h i s tochemi -  
cMly, t he  d e v e l o p m e n t  of t he  m e t a n e p h r o s .  Since t h e  
k i d n e y  is p a r t i a l l y  func t iona l ,  d u r i n g  t he  d e v e l o p m e n t ,  
e.g. in  a m n i o n  m e t a b o l i s m ,  t h i s  adve r se  effect  of t h e  
chemica l  on  t h i s  o rgan  is t h o u g h t  to  be  s igni f icant .  A 
single dose of 75 ~xg sod ium iodoace t a t e  in  0.5 ml  aqueous  
so lu t ion  was in jec ted  in to  t he  a i r  sac of 11 d a y  old ch ick  
embryos .  Af te r  7 days  these  e m b r y o s  were sacr i f iced an d  
t he  m e t a n e p h r o s  was dissected,  a n d  t he  t i ssue  was 
processed for t h e  h i s t o c h e m i c a l  e v a l u a t i o n  of succinic  
d e h y d r o g e n a s e  (SDH) as in  p rev ious  work  1. Occasional ly ,  
lac t ic  d e h y d r o g e n a s e  (LDH)  was also s tud ied .  I n  each  of 
t he  9 pa i r s  of m e t a n e p h r o s  s tudied ,  t he  i n j ec t ed  o rgan  was 
c o m p a r e d  to  t h a t  of t h e  s h a m  control .  The  ave rage  
f ind ings  are descr ibed  below. 

The  con t ro l  t i s sue  showed  a well  deve loped  p a t t e r n  of 
t he  n e p h r o n  w i t h  a p p a r e n t  col lec t ing t u b u l e s  in  b o t h  t h e  
co r t ex  a n d  medul la .  The  morpho log ica l  fea tu res  of t h e  

M e t a n e p h r o s  

p r o x i m a l  a n d  d i s ta l  c o n v o l u t e d  t u b u l e s  are  especial ly  
d i s t i nc t  w i t h  wide  l u m i n a  p resen t .  S D H  a c t i v i t y  is m o s t  
i n t ense  in t h e  b r u s h  borde r s  of t h e  p r o x i m a l  tubules .  A 
s t rong  r eac t i on  is seen in t h e  pe r inuc l ea r  a n d  basa l  a reas  
of t h e  r ena l  ceils. However ,  f iner  d e v e l o p m e n t a l  f ea tu res  
as lobule  f o r m a t i o n  a n d  t h e  a p p e a r a n c e  of a sol id ly  
packed  p a r e n c h y m a  are  n o t  ev iden t .  On t h e  o t h e r  h a n d ,  
t h e  n e p h r o n s  of t h e  i odoace t a t e  t r e a t e d  t i ssue  are  c lear ly  
more  e m b r y o n i c  in  appea rance ,  showing  occas ional  
c lumps  of d i f f e r en t i a t i ng  t u b u l e s  a n d  S-shaped  p a t t e r n  of 
deve lop ing  c o n v o l u t e d  tubules ,  expecia l ly  a t  t h e  j u x t a -  
capsu la r  region.  The  l u m i n a  of t h e  t r e a t e d  t u b u l e s  are  n o t  
as large  as those  of t h e  con t ro l  tubu les :  S D H  a n d  L D H  
a c t i v i t y  in  t h e  p r o x i m a l  t u b u l e  of t h e  i n j ec t ed  chicks is less 
t h a n  t h a t  in t h e  con t ro l  chicks  ; some of t h e  t r e a t e d  t i ssue  
showed  a s p o t t y  reac t ion ,  some no r eac t i on  a t  all. 

I n  v iew of t h e  fac t  t h a t  t h e  p r i m a r y  ac t ion  of iodo- 
a ce t a t e  is t h o u g h t  to  in te r fe re  w i t h  t h e  g lycolyt ic  process  
of t h e  deve lop ing  t i ssue  2, t h e  r e t a r d i n g  effect  on  t h e  
d e v e l o p m e n t  of m e t a n e p h r o s  could also be  i n t e r p r e t e d  as 
a d i s t u r b a n c e  of th i s  m e t a b o l i c  ac t iv i ty .  

1 U. K. Hwh~o and K. E. Moo~E, Experientia 24, 1043 (1968). 2 C. N. GRA'~'MORE and K. TANSLEY, Br. J. Ophtal. 43, 486 (1959). 

Figs. 1 and 2 are photomicrographs ot the metanephros of control and iodoacetate injected embryos, respectively, at 18 days of incubation 
showing suecinie dehydrogenase activity, • 850. 
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I t  is known  t h a t  the  d i f fe ren t ia t ion  of enzymes  is 
d i rec t ly  re la ted  to  the  d e v e l o p m e n t  of func t ion  a, and th is  
is especial ly t rue  wi th  the  ox ida t ive  enzymes  in the  
m e t a n e p h r o s  of the  rat4, 5. 

Rdsumd. L' iodoac6ta te  r e t a rde  h i s to log iquemen t  e t  
h i s t o - ch i mi q u emen t  le d6ve loppemen t  du m6tan6phros  de 
l ' e m b r y o n  de poule. 

U. K. HWANG and  N. A. CONNORS 

3 F. Moofi, Ann. N. Y. Acad. Sci. 55, 57 (1952). 
4 E. R. FISHER and J. GRUHN, Proc. Soc. exp. Biol. Med. 101, 781 

(1959). 
5 j .  S. BAXTER and J. M. YOFFE% J. Anat. 82, 189 (1948). 
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T h e  M a s s  a n d  S i z e  of  N o r m a l  a n d  A c t i v a t e d  M a c r o p h a g e s  - S t u d i e s  w i t h  a S c a n n i n g  I n t e r f e r o m e t e r  

Phys ico-chemica l  s t imula t ion  of per i tonea l  macro-  
phages  resul ts  in the  p roduc t ion  of a morphologica l ly  dis- 
t inc t  popu la t ion  of cells ~-3 which  of ten  displays  grea ter  
func t iona l  ac t iv i ty .  Ac t iva t ed  macrophages  may,  for 
instance,  exh ib i t  enhanced  bacter ic idal  abi l i ty  4. One mor-  
phological  charac ter i s t ic  of the  new, ac t iva ted  popu la t ion  
is a grea ter  mean  size. This  change  in cell vo lume  has  ob- 
vious effects  on the  re la t ionship  be tween  the  volume of the  
mac rophage  and i ts  m e m b r a n e  surface area. However ,  it  
does no t  p rov ide  a comple te  exp lana t ion  of t he  a l tered 
volume- to-sur face  ra t io  shown by  the  ceils of the  ac t iva ted  
popu la t ion  a, 6. 

The  u l t r a s t ruc tu ra l  s tudies  of NORTH and  MACtCANESS 7, s 
led t h e m  to  suggest  t h a t  t he  cellular h y p e r t r o p h y  m i g h t  
resul t  f rom a ' h y d r a t i o n '  of t he  mac rophage  cy top la sm 
ra the r  t h a n  f rom an increase in cy top lasmic  mass.  The 
p resen t  inves t iga t ion  was des igned in order  to  de te rmine  
whe the r  the  increase in mac rophage  size is accompan ied  
by  an a l te ra t ion  in cellular d ry  mass.  To our knowledge the  
use of the  scanning in te r fe romete r  employed  in th is  s t u d y  
has no t  been  descr ibed unt i l  now. 

Popu la t ion  of normal  per i tonea l  macrophages ,  toge the r  
w i th  popu la t ions  f rom ra ts  chal lenged 5 or 8 days  pre- 
viously  w i th  a single i.p. in jec t ion  of F r e u n d ' s  Complete  
A d j u v a n t  (FCA), were ha rves t ed  by  a s t anda rd i zed  pro- 
cedure% Cells were spo t t ed  on to  slides to  avoid the  ex- 
cessive f l a t t en ing  of cells which  accompanies  s m e a r i n g t  
F ixa t ion  was  in I 0 %  neu t ra l  formalin.  Air-dr ied p repara -  
t ions  were  scored wi th  a series of l ines (1-2 m m  apar t )  to 
p rov ide  reference areas, free of cells, in which  the  inter-  
fe rometr ic  m e a s u r e m e n t s  could be made.  U n s t a i n e d  pre-  

pa ra t ions  were m o u n t e d  in wa te r  and  the  cover-sl ips 
sealed wi th  paraf f in  wax.  

E s t i m a t e s  of the  d ry  mass  of ind iv idua l  macrophages  
were ob ta ined  using a p r o t o t y p e  scanning  in te r fe romete r  
loaned to  th is  D e p a r t m e n t  by  Vickers I n s t r u m e n t s ,  Ltd .  
The mach ine  is now avai lable commerc ia l ly  as t he  Vickers 
M86 combined  scanning in t e r fe romete r  and  in tegra t ing  
mic rodens i tome te r  to. The i n s t r u m e n t  measures  au tomat i -  
cally the  in t eg ra ted  opt ical  p a t h  difference (IOPD) of in- 
d iv idual  cells. This p a r a m e t e r  is d i rec t ly  p ropor t iona l  to 
cellular d ry  mass.  Measurements  were made  using a 100 • 
wa te r - immers ion  objec t ive  (shearing d is tance  of t he  opti-  
cal sys tem,  83 am) on macrophages  border ing  the  scored 
areas of t he  p repara t ions .  This  s imple  rout ine  e l iminates  
errors due to  'ghos t ing ' .  

Machine f luc tua t ion  over  long per iods  was negligible. 
The I O P D  of macrophages  in t he  scanning  field were 

1 D. F. CAPPELL, J. Path. Bact. 33, 429 (1930). 
2 Z. A. ColiN, J. G. HmSCH and M. E. FEDORKO, J. exp. Med. 123, 

747 (1966). 
3 I. CARR, Z. Zellforsch. mikrosk. Anat. 89, 328 (1968). 
4 R. V. BLANDEN, J .  reticuloendothel. Soc. 5, 179 (1968). 

T. M. MAYHEW and M. A. WILLIAMS, J. Anat. 170, 154 (1971). 
6 T. M. MAYHEW and IVI. A. WILLIAMS, J. Microsc., Oxford 94, 195 

(1971). 
R. J. NORTH and G. B. MACKANESS, 13r. J. exp. Path. gd, 60t (1963). 

8 Jc?,. J. NORTH and G. ]3. MAC}CArESS, Br. J. exp. Path. rid, 608 (1963). 
9 M. BEssls and A. DE BOISFLEURY, Nouv. Revue fr. H4mat. 11,377 

(1971). 
~0 See Proc. R. mierosc. Soc. 5, 280 (1971). 
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Regression lines for 3 experimental populations of peritoneal macrophages showing the relationship between integrated optical path 
difference (IOPD) and cell size (DS). Mean values Z- and ~j are shown. A) Regressions for normal and 5 day-stimulated cells. 13) Regressions 
for normal and 8 day-stimulated cells. 


