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Comparat ive  m o r p h o m e t r i c  s tudy  of the cells  of the third p r o x i m a l  s e g m e n t  of the rat k idney  under  
different condi t ions  of f ixat ion ~ 

V. Gon~alves  ~ a n d  M. A. Sobr inho -S imSes  

Laboratory o/ Pathology, Medical School, University o/Oporto (Portugal), 30 November 1976 

Summary. The  m o r p h o m e t r i c  s t u d y  of t h e  P3 s e g m e n t  of r a t  p r o x i m a l  t u b u l e  h a s  s h o w n  t h a t  n e i t h e r  t he  m e t h o d  of 
f ixa t ion ,  no r  t he  f i xa t ive  itself, s ign i f i can t ly  c h a n g e  t he  r e l a t ive  and  abso lu te  vo lumes  of t h e  cell c o m p a r t m e n t s ,  
p r o v i d e d  t h a t  t h e  f i xa t ion  media are m a d e  a p p r o x i m a t e l y  isotonic.  

I t  is well  e s t ab l i shed  t h a t  b o t h  t h e  w ay  in wh ich  t h e  
f i xa t ive  is b r o u g h t  in  c o n t a c t  w i t h  t h e  t i ssue  a n d  t he  
cha rac te r i s t i c s  of t he  f i xa t i ve  i tself  in f luence  t he  u l t r a -  
s t r u c t u r e  of cells a n d  t i ssues  S-L T he  collapse of t h e  
p r o x i m a l  t u b u l e  in k i d n e y  f r a g m e n t s  f ixed b y  i m m e r s i o n  
con s ide r ab ly  changes  t h e  size a n d  s h a p e  of ceils 5 a n d  
raises t he  ques t ion  w h e t h e r  t he  resu l t s  o b t a i n e d  in t h e  
m o r p h o m e t r i c  s t u d y  of h u m a n  k i d n e y  biopsies,  w h i c h  are  
necessar i ly  f ixed b y  immers ion ,  can  be  e v a l u a t e d  in com- 
pa r i son  w i t h  those  o b t a i n e d  u n d e r  d i f fe ren t  cond i t ions  
of f i xa t i on  in a n i m a l  e x p e r i m e n t a l  research.  T he  pu rpose  
of t h i s  s t u d y  was  to  d e t e r m i n e  w h e t h e r  a n y  s ign i f ican t  
differences  are found  b e t w e e n  rena l  t u b u l a r  cells f ixed b y  
vascu l a r  pe r fus ion  a n d  those  f ixed b y  immers ion  in t he  
same  f ixat ives ,  as well  as b e t w e e n  cells f ixed b y  i m m e r -  
sion in  g l u t a r a l d e h y d e  a n d  secondar i ly  osmica ted  a n d  
cells f ixed b y  i m m e r s i o n  in o s m i u m  te t rox ide .  A precise  
s e g m e n t  of t he  p r o x i m a l  t u b u l e  (P3) was chosen  since t h e  
s imi la r i ty  of i ts  u l t r a s t r u c t u r a l  a p p e a r a n c e  a long  t he  
ou t e r  s t r ipe  of t he  ou t e r  zone of t h e  m e d u l l a s  m a k e s  i t  a 
good mode l  to  t e s t  t h e  inf luence  of d i f fe ren t  p rocedures  
of f ixa t ion .  
Material and methods. Male W i s t a r  r a t s  weighing  220-240 g 
a n d  h a v i n g  free access to  food and  w a t e r  were used. The  
k idneys  of 4 e t h e r - a n a e s t h e t i z e d  r a t s  (group 1) were f ixed 
b y  vascu l a r  pe r fus ion  as descr ibed  b y  M a u n s b a c h  
( m e t h o d  1) 5 ; as a f i xa t ive  1 %  g l u t a r a l d e h y d e  in T y r o d e ' s  
so lu t ion  c o n t a i n i n g  on ly  75% of t he  r egu la r  a m o u n t  of 
NaC15 was  employed .  Af te r  6-8  ra in  of perfus ion,  t i ssue  
f r a g m e n t s  were o b t a i n e d  in t h e  ou t e r  s t r ipe  o f , t he  ou t e r  
zone of t he  medu l l a  of t he  k idneys ,  i m m e r s e d  in t he  same  
f ixa t ive  for 2 h and  pos t - f ixed  in 1% o s m i u m  t e t r o x i d e  in 
a ve rona l  a ce t a t e  buf fe r  added  w i t h  sa l ts  5. The  k idneys  
of t h e  second g roup  of 4 r a t s  (group 2) were also excised 
u n d e r  e the r  anae s th e s i a  a n d  t h e  t i ssue  f r a g m e n t s  were 
f ixed b y  i m m e r s i o n  in t he  same  f ixa t ive  as in  g roup  1 a n d  
for t he  same  period.  F ina l ly ,  t i s sue  f r a g m e n t s  of t he  
k idneys  of t he  t h i r d  g roup  of 4 r a t s  (group 3) were pro-  
ceeded j u s t  as in  g roup  2, b u t  as a f i xa t ive  2 %  o s m i u m  
fe t rox ide  in ve rona l  ace t a t e  buffer ,  added  w i t h  t he  same  

q u a n t i t y  of sa l t s  as in  p rev ious  groups,  was  employed.  
The  f r a g m e n t s  were e m b e d d e d  in epoxy- res in  fol lowing a 
g raded  series of e t h a n o l  a n d  p ropy lene  oxide. 
F r o m  each  an imal ,  5 t i ssue  b locks  showing  t he  r equ i r ed  
t u b u l a r  s egmen t s  were  selected a t  r a n d o m .  F r o m  e a c h  
Mock, a s e m i - t h i c k  sec t ion  was cu t  a n d  s t a ined  w i t h  
to lu id ine  b lue  a n d  p h o t o g r a p h e d  a t  a p r i m a r y  magni f i ca -  
t ion  • 250. F r o m  each  semi - th i ck  sect ion,  1 l igh t  micro-  
g r a p h  was r ecorded  a n d  used for d e t e r m i n i n g  t h e  volu-  
me t r i c  dens i t ies  of t he  nucleus ,  t h e  b r u s h  b o r d e r  a n d  t he  
c y t o p l a s m  in r e l a t i on  to  ceil v o l u m e  (Vv) a n d  t h e  nu-  
mer ica l  d e n s i t y  of nuclei  in  r e l a t i on  to  t o t a l  cel lular  
v o l u m e  (Nv). I n  o rder  to  d e t e r m i n e  Nv t h e  fo rmu la  of 
Weibe l  a n d  Gomez  9 was used : Nv = K(1//~) �9 Na3h/Vv�89 The  
coeff ic ient  fl was  e s t i m a t e d  to  be  1.38 a s s u m i n g  t h a t  t h e  
shape of t h e  nucle i  was  s imi la r  to  a sphere  9 a n d  K was 
a s s u m e d  to  be  close to  u n i t y  for  l ack  of a d e q u a t e  infor-  
m a t i o n  ~~ F r o m  each  block,  a s i lver  u l t r a - t h i n  sec t ion  
was doub le - s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  
and  m i c r o g r a p h e d  a t  a p r i m a r y  magn i f i ca t i on  •  
F r o m  each  u l t r a - t h i n  sect ion,  3 e lec t ron  mic rog raphs  were 
recorded  a n d  used to ca lcu la te  t he  v o l u m e t r i c  d e n s i t y  
(Vv), t h e  surface  d e n s i t y  (Sv) and  t h e  n u m e r i c a l  dens i t y  
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Table 1. Values of primary morphometrie parameters 

Group 1 Group 2 Group 3 

V~ of brush border (%) 29. 2 t  1. 3 (20) 31. 4 ~  2. 0 (20) 
Vv of cytoplasm (%) 62. 5-L 1. 2 (20) 61. 0 ~: 2. 0 (20) 
Vv of nuclei (%) 8. 3 •  0. 6 (20) 7. 6 i  0. 9 (20) 
N~ of nuclei (no/10 * ~tm ~) 284 ~ 11 (20) 301 :k 34 (20) 

Nv of mitochondria (no/10 a ~tm 3) 445 -4- 32 (60) 505 =L 32 (60) 
Vv of mitochondria (%) 19. 5 ~ 0. 4 (60) 19. 5 ~- 0. 8 (60) 
Sv of mitochondria (~tm2/btma) 1.60 ~= 0.10 (60) 1.75 -4- 0.07 (60) 

29. 94- 1 . 2  (20) 
61. 7 •  1. 4 (20) 
8. 4 •  o. 4 (20) 

292 • 16 (20) 

443 i 54 (60) 
2 1 . 0 4 -  1. s (60) 

1.55 :J: 0.14 (60) 

No significant differences were found between the 3 groups. Each value is expressed in mean =~ SEM. Number of micrographs examined are 
indicated in parenthesis. 
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(Nv) of m i t o c h o n d r i a  in  r e l a t i on  to t he  cy t op l a smic  
vo lume .  I n  o rde r  to  d e t e r m i n e  Nv of m i t o c h o n d r i a ,  t h e  
f o r m u l a  c i ted a b o v e  was  used. T he  f ac to r  K was  aga in  
a s s umed  to  be  close to u n i t y  a n d  t he  coeff ic ient  fl was  
e s t i m a t e d  to be  2.25 in v iew of t he  size d i s t r i b u t i o n  of t he  
m i t o c h o n d r i a l  profi les and  t h e i r  ca lcu la ted  ave rage  
ra t io  9. I n  o rder  to  d e t e r m i n e  all  t h e  p r i m a r y  a n d  second-  
a r y  m o r p h o m e t r i c  p a r a m e t e r s ,  t he  m e t h o d s  descr ibed  b y  
Weibe l  e t  al. 1~ 11 were  used.  A m u l t i p u r p o s e  t e s t  grid of 
50 s h o r t  l inear  p r o b e s  was  used. No cor rec t ions  were 
m a d e  in w h a t  conce rns  H o l m e ' s  effect.  S t a t i s t i c a l  ana ly -  
sis i nc luded  ca lcu la t ions  of t h e  means ,  s t a n d a r d  d e v i a t i o n  
a n d  s t a n d a r d  error ,  a n d  e x a m i n a t i o n  of t h e  s ignif icance 
b y  S t u d e n t ' s  2-sided t - t es t .  2 m e a n s  were cons idered  to  
be  s ign i f i can t ly  d i f fe ren t  if t he  p r o b a b i l i t y  of e r ror  (p) 
was  smal le r  t h a n  0.05. 

Table 2. Values of secondary morphometric parameters 

Group I Group 2 Group 3 

Cell volume ([zm 3) 3521 3322 3425 
Nuclear volume ([xm 3) 292 252 288 
Brush border volume (~xm 3) 1028 1043 1021 
Cytoplasmic volume ([xm 3) 2201 2027 2116 
Mitochondria volume ([xm a) 429 399 445 
Mitochondria surface (~m ~) 3522 3728 3281 
Volume of single mitochondrion ([zm 3) 0.44 0.39 0.47 
Surface of single mitochondrion (Ezra 2) 3.60 3.47 3.50 

Values are expressed in means per average cell, with the exception of 
the 2 last ones that refer to single mitochondrion. 

Resutts and discussion. The  resu l t s  o b t a i n e d  in t he  
m o r p h o m e t r i c  s t u d y  of r a t  P3  cells are s u m m a r i z e d  in 
t ab les  1 a n d  2. No s ign i f i can t  differences  were found  be-  
tween  t he  3 groups,  desp i te  t h e  a r t i f a c t u a l  d i s to r t i on  
obse rved  in t he  col lapsed t u b u l a r  s egmen t s  of k i d n e y  
f r a g m e n t s  f ixed b y  immers ion .  
T h e  g rea t e r  v o l u m e t r i c  d e n s i t y  of m i t o c h o n d r i a  found  b y  
Orsoni  e t  al. 12 in t he  pa r s  descendens  of t h e  female  r a t  
p r o x i m a l  t u b u l e  m a y  d e p e n d  u p o n  t h e  inc lus ion  in t he  
pa r s  descendens  of a po r t i on  of t he  1~ s e g m e n t  s w h i c h  is 
r i che r  in m i t o c h o n d r i a  t h a n  t h e  P3 s e g m e n t  1., a l t h o u g h  
we c a n n o t  rule  ou t  t h e  possible  in f luence  of t he  sex of the  
r a t s  s a n d  of t h e  osmola l i t y  of t h e  f i xa t ion  med ia  4, 7. The  
s imi l a r i t y  of resu l t s  conce rn ing  m i t o c h o n d r i a  o b t a i n e d  in 
g roups  2 a n d  3, on  t h e  o t h e r  h a n d ,  conf i rms  t h a t  t he  
e n l a r g e m e n t  of m i t o c h o n d r i a l  profiles,  w h e n  t h e  t i ssue  is 
f ixed b y  g l u t a r a l d e h y d e  and  secondar i ly  osmica ted ,  on ly  
r ep resen t s  a n  a r t i f a c t  of b a d  f ixa t ion  5. I n  v iew of these  
resu l t s  i t  can  be  s t a t e d  t h a t  t he  s t u d y  of h u m a n  k i d n e y  
biopsies  can  be  e v a l u a t e d  in  c o m p a r i s o n  w i t h  those  ob- 
t a i n e d  u n d e r  d i f fe ren t  cond i t ions  of f i xa t i on  in a n i m a l  
e x p e r i m e n t a l  research,  p rov ided  t h a t  t h e  f i xa t ion  med ia  
are  m a d e  a p p r o x i m a t e l y  isotonic.  
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Specific immunos ta in ing  of CCK cells by use of synthetic fragment antisera 1 
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Summary. A n t i b o d i e s  to  t h e  cen t r a l  f r a g m e n t s  9-20 dodecapep t ide  sequence  of CCK were used for  specific i m m u n o -  
s t a in ing  of t h e  CCK cells of t he  m a m m a l i a n  gut .  The  use of h i g h  specific an t ibod ie s  to  s y n t h e t i c  f r agmen t ,  essent ia l  
w h e n  the re  is a poss ib i l i ty  of i m m u n o c h e m i c a l  cross r eac t ions  be tween  a n t i s e r a  a n d  h o r m o n e s  of s imi la r  molecu la r  
s t r u c t u r e  p rov ides  t he  key  to  increased  u n d e r s t a n d i n g  of t he  n a t u r e  a n d  re l a t ionsh ips  of pep t ide  ho rmones .  

CCK has  been  local ized in  t he  h u m a n  j e j u n u m  a n d  i l eum 2, s, 
a n d  i ts  cell of or ig in  t e n t a t i v e l y  e s t ab l i shed  us ing  a n t i -  
bod ies  a g a i n s t  p u r e  n a t u r a l  CCK a, 5. G a s t r i n  is p r e s e n t  in  
t h e  i n t e s t i n e  as well  as in  t he  a n t r u m .  T he  c o n c e n t r a t i o n  
of ga s t r i n  in  h u m a n  p r o x i m a l  d u o d e n a l  m u c o s a  is a b o u t  
a t h i r d  of t h a t  in  t h e  a n t r a l  m u c o s a  a n d  because  of t he  
g r ea t e r  b u l k  of d u o d e n a l  mucosa ,  h u m a n  d u o d e n u m  con-  
t a i n s  as m u c h  ga s t r i n  as t h e  a n t r u m  2. H i g h e s t  c o n c e n t r a -  
t ions  of i n t e s t i n a l  ga s t r i n  are found  in t he  p r o x i m a l  
d u o d e n u m ,  w i t h  p rogress ive ly  lower  c o n c e n t r a t i o n s  in  
t h e  r e m a i n d e r  of t h e  d u o d e n u m  a n d  j e j u n u m  6. CCK a n d  
ga s t r i n  sha re  a C- t e rmina l  a m i n o  acid sequence  a n d  an t i -  
bodies  to  th i s  sequence,  ra i sed  aga i n s t  e i t he r  ho rmone ,  
will cross react .  Specific i m m u n o c y t o c h e m i s t r y  of t h e  CCK 
a n d  ga s t r i n  p r o d u c i n g  cells t h u s  requi res  t h a t  t h e  an t i s e r a  
used  shou ld  be  comple t e ly  free f rom a n y  cross r e a c t i n g  
componen t s .  E v e n  m i n o r  s u b p o p u l a t i o n s  of an t ibod ies ,  
n o t  n o r m a l l y  d e t e c t e d  b y  r a d i o i m m u n o a s s a y  t echn iques ,  
c an  p roduce  s ign i f i can t  cross r eac t ion  u n d e r  c y t o c h e m i c a l  
condi t ions .  

Th i s  p a p e r  descr ibes  t h e  so lu t ion  of t h i s  p r o b l e m  b y  use 
of a n t i s e r a  ra ised  to a s y n t h e t i c  CCK f r a g m e n t  chosen  
because  i t s  sequence  avo ids  t h e  areas  of h o m o l o g y  w i t h  
o t h e r  k n o w n  hormones .  
Material and methods. Syn thes i s  of t he  CCK f r agmen t .  

9 10 11 12 13 14 15 16 17 18 18 20 
H-Met-Ile-Lys-Asn-Leu-Gln-Ser-Leu-Asp-Pro-Ser-His-OH (I) 

The  cen t r a l  9-20 d o d e c a p e p t i d e  sequence  (I) of CCK was 
s y n t h e t i z e d  on  a Merr i f i e ld - type  solid s u p p o r t  us ing  m e t h -  
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