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The Biphas ic  Course  of  R e g r e s s i o n  in the Chick 
M e s o n e p h r o s  

The  ch i ck  m e s o n e p h r o s  regresses r a p i d l y  a f t e r  t h e  egg 
ha s  b e e n  i n c u b a t e d  for  a b o u t  15-16 days .  T h e r e  are  
m a r k e d  decreases  in  m e s o n e p h r i c  size ~, we igh t  *-*, a n d  
funct ion~,  c o n c o m i t a n t  w i t h  increases  in  t he  a m o u n t  of 
connec t ive  t issue,  t h e  n u m b e r  of l ip id  a n d  p i g m e n t  
granules  ~'~-x°, t h e  n u m b e r  a n d  size of  lysosomes  s, a n d  
specific a c t i v i t y  of acid p h o s p h a t a s e  n .  On t h e  o t h e r  h a n d ,  
t he  f i rs t  s igns  of regress ion  a p p e a r  a t  a b o u t  12 days ,  w h e n  
the  on ly  obv ious  h is to logica l  changes  a re  decreases  in  
g lomeru la r  vo lume ,  t u b u l e  d i ame te r s ,  a n d  vascu l a r i za -  
tionZ,Z-*. Regress ive  changes  i n v o l v i n g  a decrease  in  cell  
size, y e t  w i t h  l i t t l e  auto lys is ,  also occur  d u r i n g  pos t -  
p a r t u m  i n v o l u t i o n  of t h e  r a b b i t  u t e r u s  ~. 

I n  general ,  g rowing  t i s sue  unde rgoes  a p rogress ive  de-  
h y d r a t i o n  ~4,z~, b u t  d e g e n e r a t i n g  t i ssue  b e c o m e s  r e l a t i ve ly  
h y d r a t e d  as i ts  s t r u c t u r e  de t e r i o r a t e s  ZS,xL T he  p r e s e n t  
i nves t i ga t i on  e x a m i n e s  w h e t h e r  t he  regress ing  ch ick  
mesoneph ros  becomes  r e l a t i v e l y  d e h y d r a t e d ,  c o n s i s t e n t  
w i t h  t h e  genera l  g r o w t h  of t h e  em br yo ,  or  w h e t h e r  i t  be-  
comes r e l a t i v e l y  h y d r a t e d ,  c o n s i s t e n t  w i t h  i ts  ow n  de- 
s t ruc t ion .  M e a s u r e m e n t s  were m a d e  of t he  we igh t s  of 
m e s o n e p h r o i  a n d  t h e  vo l um es  of neph r i c  u n i t s  to  dis- 
t i n g u i s h  b e t w e e n  t h e  h y d r a t i o n  changes  r e su l t i ng  f rom a 
s h r i n k i n g  of neph r i c  l u m i n a  a n d  those  f rom t h e  loss of 
mesonephr i c  t issue.  

Experimental .  T h e  f resh  we igh t s  of m e s o n e p h r o i  a n d  
m e t a n e p h r o i  (non- regress ing  cont ro l s )  f r om 140 e m b r y o s  
were d e t e r m i n e d  M t e r  b l o t t i n g  t h e  e~/cised a n d  r insed  
o rgans  o n  f i l te r  p a p e r  (Figure  1). T h e  p a p e r  was  cove red  
w i t h  f i ne -meshed  b o l t i n g  c lo th  to  p r e v e n t  i t s  a b s o r p t i o n  
of t h e  organ .  

T h e i r  d r y  we igh t s  were m e a s u r e d  a f t e r  h e a t i n g  t h e  
m e s o n e p h r o i  a n d  m e t a n e p h r o i  for  2 d a y s  a t  60 °C, a n d  
could  n o t  be  decreased  d e t e c t a b l y  b y  d r y i n g  a t  100°C. 
The  d i f fe rence  b e t w e e n  t h e  f resh  a n d  d r y  we igh t  is r e fe r red  
to  as t h e  ' t o t a l  w a t e r  c o n t e n t '  (Figures  2 a n d  4). T h a t  % 
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Fig. 1. Fresh weights of the mesonephroi (MES) and metanephroi 
(MET) versus age. Each point (average 4-standard deviation) 
represents the weight of at least 11 paired left and right organs. Note 

that the graph is semi-logarithmic. 

of t he  f resh  we igh t  a t t r i b u t a b l e  to  t h e  t o t a l  w a t e r  c o n t e n t  
is cal led t he  ' r e l a t ive  w a t e r  c o n t e n t '  (F igures  3 a n d  4). 

Vo lumes  of m e s o n e p h r o i  a n d  t h e i r  i n d i v i d u a l  duc t s ,  
tubu les ,  a n d  capsules  were  ca l cu la t ed  f rom a rea  measu re -  
m e n t s  of o v e r  24,000 t r ac ings  f r o m  ser ia l  sec t ions  (F igure  
2). One  t y p i c a l  m e s o n e p h r o s  was s t u d i e d  for  e ach  age 
group.  T h e  m e a s u r e m e n t s  were m a d e  b y  a p l a n i m e t e r  
w h i c h  was  p laced  on  a c a r d b o a r d  ca r r iage  t h a t  cou ld  be  
m o v e d  f r o m  one  t u b u l e  t r a c i n g  to  t h e  n e x t  to  r eco rd  t h e  
sec t iona l  a reas  of t h e  t ubu le s .  T h e  a c c u r a c y  of t he se  
m e a s u r e m e n t s  was  ver i f i ed  b y  t h e  close co r r e spondence  
b e t w e e n  t h e  t u b u l e  d i a m e t e r s  ca l cu l a t ed  f r o m  t h e m  a n d  
d i r ec t  d i a m e t e r  m e a s u r e m e n t s .  De ta i l s  of t h i s  t e c h n i q u e  
a n d  i t s  e v a l u a t i o n  a p p e a r  e l sewhere  zs 

T h e  ' r e l a t i v e  l u m i n a l  v o l u m e '  is t h a t  % of t h e  t o t a l  
m e s o n e p h r i c  v o l u m e  (ca lcu la ted  f rom p l a n i m e t r i c  meas -  
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Fig. 2. Water content and nephric luminal volume (total volume of 
the duct, tubules, and capsules in mm ~) versus age in the mesone- 
phros. The 2 curves are on the same scale if it is assumed that the 
specific gravity of the luminal content is near unity. Calculated for 
paired left and right mesonephroi. The verticaI bars each represent 

4- variance of mean for at least 11 weight determinations. 
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u r e m e n t s  of the  pe r ipher ies  of t he  sect ions)  occupied  b y  
t h e  t o t a l  duct ,  t ubu le ,  a n d  capsu le  l u m i n a l  v o l u m e s  
(Figure  3). 

The  per iod  of regress ion  a p p e a r e d  in two  d i s t inc t ,  a n d  
phys io logica l ly  s igni f icant ,  phas e s :  a sh r inkage  p h a s e  a n d  
a d e g e n e r a t i o n  phase .  T h e  s h r i n k a g e  p h a s e  o c c u r r e d  be-  
tween  12 a n d  16 days  of i n c u b a t i o n  - H a m b u r g e r - H a -  
m i l t o n  s tage  38-421~. (Var i ab i l i t y  b e t w e e n  mesonephro i ,  
a n d  t he  a r b i t r a r y  t i m e s  of m e a s u r e m e n t  m a k e  t h e s e  
b o u n d a r i e s  o n l y  a p p r o x i m a t e . )  T h i s  p h a s e  was cha rac -  
te r ized  b y  t h e  onse t  of weigh t  loss, a s l igh t  decrease  in t h e  
r e l a t i ve  w a t e r  c o n t e n t ,  a n d  a n  a b r u p t  decrease  in t h e  
r e l a t i ve  l u m i n a l  v o l u m e  (Figures  1 a n d  3). He re  t h e  loss of 
w a t e r  p r o b a b l y  was t h e  m o s t  i m p o r t a n t  c o n t r i b u t o r  to  
we igh t  loss. The  d r y  we igh t  decreased  on ly  12% b e t w e e n  
I2  a n d  16 days ,  ye t  t h e  w a t e r  c o n t e n t  decreased  27%.  I n  
sp i te  of t h e  f ac t  t h a t  neph r i c  l u m i n a l  v o l u m e s  dec reased  
60% d u r i n g  th i s  phase ,  on  a v o l u m e - t o - w e i g h t  bas is  on ly  
a b o u t  20% of t he  w a t e r  loss could be  a c c o u n t e d  for b y  
s h r i n k a g e  of n e p h r i c  l u m i n a  (Figure  2). Al lowing  for  a r t i -  
f a c tua l  c o n t r a c t i o n  in t he  h is to logica l  spec imens ,  th i s  
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Fig. 3. Relative water content and relative nephric luminal volume 
versus age in the mesonephros, Both curves are drawn to the same 
scale, but the origins are shifted to facilitate comparison. Calculated 
for paired left and right mesonephroi. The vertical bars each rep- 

resent :{: variance of mean for at least 11 determinations. 
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Fig. 4. Water content and relative water content versus age in the 
metanephros. Calculatcd as for the mesonephros (Figures 2 and 3). 

could  be as m u c h  as 30% 20 . His to logica l  ev idence  sug- 
gests  t h a t  cons t r i c t i on  of b lood  vessels,  i n v a s i o n  b y  con-  
nec t i ve  t i ssue,  a n d  t h e  c o n t i n u e d  m a t u r a t i o n  of some 
cells a c c o u n t  for  m o s t  of t he  w a t e r  loss 12. 

The  d e g e n e r a t i o n  p h a s e  of regress ion  ( a p p r o x i m a t e l y  
b e t w e e n  i 6  a n d  24 d a y s  of i n c u b a t i o n  - H a m b u r g e r -  
H a m i l t o n  s t age  42 u n t i l  3 d a y s  p o s t - h a t c h i n g )  is r ead i ly  
c h a r a c t e r i z e d  b y  h is to logica l  changes  ~,6-1° a n d  loss of 
p r o t e i n n ,  2z. A l t h o u g h  w a t e r  c o n t e n t  a n d  v o l u m e  de- 
c reased  (as in  t h e  s h r i n k a g e  phase) ,  t h e r e  was  a 5 %  in- 
crease in t h e  r e l a t i ve  w a t e r  c o n t e n t  (Figures  2 a n d  3). 

T h e  accu racy  of t h e  w e i g h t  a n d  w a t e r  m e a s u r e m e n t s  
on  t he  m e s o n e p h r o s  is in  p a r t  s u p p o r t e d  b y  i n d e p e n d e n t  
d a t a  for t he  m e t a n e p h r o s ,  s ince  b o t h  o rgans  were weighed  
by  t h e  same  t echn ique .  D u r i n g  m e t a n e p h r i c  g rowth ,  
we igh t  a n d  w a t e r  c o n t e n t  inc reased  a t  a c o n s t a n t  ra te ,  
b u t  t h e  r e l a t i ve  w a t e r  c o n t e n t  dec reased  a t  a c o n s t a n t  
r a t e  (Figure  4). The  re l a t ive  w a t e r  c o n t e n t  a t  30 d a y s  was  
a p p r o a c h i n g  t h e  p r o b a b l e  a d u l t  v a l u e  of 7 8 - 8 0 % ,  as 
e s t i m a t e d  f rom d a t a  on  t h e  w a t e r  c o n t e n t  of o t h e r  v e r t e -  
b r a t e  k idneys  ~. 

I t  is conc luded  t h a t  t h e  m e s o n e p h r o s  en te r s  a s h r i n k a g e  
p h a s e  seve ra l  d a y s  before  t h e  d e s t r u c t i o n  of t i s sue  ap -  
pears .  D u r i n g  t h i s  f i rs t  p h a s e  sma l l  c h a n g e s  m a y  be seen 
in t h e  cells w i t h  t h e  l igh t  microscope  7 b u t  t h e y  are m o s t  
e v i d e n t  on  t h e  subce l lu la r  level  TM. Pieces  of 16-day-old  
m e s o n e p h r o s  are  c a p a b l e  of r enewed  m i t o t i c  a n d  func-  
t i ona l  a c t i v i t y  w h e n  t r a n s p l a n t e d  to  t he  chor io -a l l an to ic  
m e m b r a n e  12. Thus ,  d u r i n g  t h e  s h r i n k a g e  p h a s e  some 
f ea tu re s  of regress ion  a re  revers ib le ,  w h i c h  sugges t s  t h a t  
th i s  p h a s e  m a y  be  iden t i ca l  w i t h  t h e  per iod  of revers ib le  
change  p reced ing  i r revers ib le  cell d e a t h  in  excised  or  in- 
j u r ed  t i s sues  or  cells zo,~7,2a. 

Zusammen[assung. Vergle iche  zwischen  w a c h s e n d e n  
u n d  zur f i ckgeb i lde ten  M e s o n e p h r o s e n  im H i n b l i c k  au f  
Nass-  n n d  T r o c k e n g e w i c h t  u n d  t o t a l e s  n e p h r i t i s c h e s  
L u m i n a l v o t u m e n  e rgaben ,  dass  die R t i c k b i l d u n g  in  2 
P h a s e n  verl~,uft:  (1) W i i h r e n d  12 bis  16 Tagen  d u r c h  
b e g i n n e n d e n  Gewebeve r lu s t ,  O r g a n s c h r u m p f u n g  u n d  
r e l a t i v e n  ~vVasserverlust ( 2 0 - 3 0 %  i m  n e p h r i t i s c h e n  Lu-  
men) .  (2) W i t h r e n d  16 bis 24 Tagen  is t  de r  r e l a t ive  Was -  
se rgeha l t  hSher ,  wobe i  h i s to log ische  A n d e u t u n g e n  e iner  
D e g e n e r a t i o n  s i c h t b a r  werden.  
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