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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.  

11 E.R.  Weibel and R. P. Bolender, in: Principles and Techniques 
of Electron Microscopy, p. 239. Ed. M. A. Hayat. Van Nostrand 
Reinhold Company, New York 1973. 

12 J. Orsoni, H. P. Rohr and F. Gloor, Path. Eur. d, 345 (1969). 
13 N.O. Jacobsen and F. Jorgensen, Z. Zellforsch. 136, 479 (1973). 
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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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ods which are known to minimize  the  format ion  of un- 

wan ted  byproducts .  Af te r  depro tec t ion  and remova l  f rom 
the  solid support ,  the  crude dodecapept ide  was purified 
first  by  gel c h r o m a t o g r a p h y  on Sephadex G-25 SF  in 
50 % acetic acid and then  by  ion exchage ch roma tog raphy  
on ca rboxyme thy l  cellulose in a buffer  g rad ien t  of 0.01 0.2 
M a m m o n i u m  ace ta te  (pH -- 7). 
The  final p roduc t  was shown to be homogeneous  in the  
following TLC systems:  
A. E t h y l  ace ta te  (5), Pyr id ine  (5), Acet ic  acid (1), wa te r  

(1); R )  (silica) 0.5 

B. 1-Butanol  (3), Acet ic  acid (1), water  (1); R B (silica) 
0.01, (cellulose) 0.27 

C. 1-Butanol  (21), Pyr id ine  (12), Acet ic  acid (2), water  

(15); R c (silica) 0.20 
The  dodecapept ide  was found to conta in  the  correct  ra t io  
of amino acids bo th  a) af ter  acid hydrolys is  (6N HC1, 
110 % / 18 h) and b) af ter  digest ion wi th  aminopept idase  M, 
indicat ing the  absence of racemisat ion.  
Found :  a) Asp, 1.94; Glu, 1.00; His, 1.09; Ile, 0.97; Leu, 
2.02; Lys, 1.05; Met, 0.96; Pro, 0.93; Ser, 1.90. 

b) His, 1.09; lie, 0.97; Leu, 1.94; Lys, 1.02; Met, 0.93; 
Ser, 2.05; Asn, Gin present  bu t  not  de te rmined;  Asp, Glu, 
Pro and /3-cyanoalanine absent.  
Produc t ion  of antibodies.  Ant ibodies  to pure na tura l  CCK : 
Ant ibodies  were raised in rabbi ts  af ter  mul t ip le  sub- 
cu taneous  inject ions of bo th  99% and 16% pure CCK 
adminis tered  in complete  F reund ' s  a d j u v a n t  a t  3 mon th ly  
in tervals  ei ther  d i rec t ly  or conjugated  to bovine  serum 
albumin.  Ant isera  wi th  t i t res of 1/2o0o-1/s0oo were har-  
ves ted  after  a year. 2 ant isera  were selected which showed 
v e r y  low cross r eac t iv i ty  wi th  synthe t ic  human  gastr in 
and no cross r eac t iv i ty  wi th  o ther  gut  hormones  in- 
c luding gastr ic inh ib i tory  pept ide  and glucagon. 
Ant ibodies  to synthet ic  gastr in I :  H u m a n  synthet ic  
gastr in  I (ICI Ltd) was coupled to bovine serum a lbumin  
(2:1 molar  ratio) by  carbodi imide condensat ion and ad- 
minis tered  to rabbi ts  a t  above.  Af te r  a year  antisera 
wi th  a t i t re  f rom l/s0000 to ]/600000 were harves ted .  
Ant ibodies  to synthe t ic  CCK 9-20:  The dodecapept ide  
was coupled to hen egg ova lbumin  wi th  glutara ldehyde.  
The  conjugate  conta ined 4.6 moles of pep t ide /mol  oval-  
bumin  as es t imated  via  the  t r i t i um label (3 mCi/mmol)  

1 2 

1 ~m 'Araldite' serial sections stained 1. with antibodies to human 
Gastrin I and 2. with antibodies to synthetic CCK fragment (9-20). 
Note that some CCK cells (B and E) are also stained with antibodies 
to gastrin containing minor sub populations of IgG CCK cross react- 
ing antibodies, x 628. 

which was in t roduced at  l ie  10 of the  dodecapept ide  during 

synthesis.  Rabbi t s  were immunized  as above and ant isera  
harves ted  at  6 months.  
Histological  techniques.  Fresh samples of gas t ro intes t inal  
mucosa (body and a n t r u m  of the s tomach,  duodenum,  
j e junum,  i leum and pancreas) were t aken  f rom m a n  
(operat ive specimens) and also f rom dogs and pigs. P a r t  
of the  mater ia l  was immed ia t e ly  quenched in 'Arc ton '  
(Freon 22) a t  -156~  and then  freeze-dried in a thermo-  
electric freeze-drier before being vapour  f ixedL Serial 
3 am paraff in sections were then  cut  and sequent ia l  im- 
munos ta in ing  was carried out  using ant ibodies  to syn- 
the t ic  human  gastr in I and to CCK 9-20. The rest  of the  
mater ia l  was immedia te ly  fixed in p-benzoquinone  and 
subsequent ly  embedded  in 'Ara ld i te '  mixture .  F r o m  this, 
fur ther  serial sections were cut  at  1 am and used for 
immunohis tochemica l  studies ~. Control  techniques  in- 
cluded prior  absorpt ion of the  ant ibodies  wi th  CCK syn- 
the t ic  f ragment  and synthet ic  human  gastr in I. Gastr in 
and CCK-stained serial sections were then  pho tographed  
and prints  f rom corresponding areas compared.  
Results.  Antisera  were raised in 3 of the  10 rabbi ts  im- 
munized wi th  na tura l  CCK bu t  only the  one wi th  the  
highest  t i t re  gave adequa te  in tens i ty  for immunocy to -  
chemical  staining. One ant i serum was obta ined f rom the  
6 rabbi ts  immunized  wi th  CCK 9-20. The CCK ant i serum 
was used at  a final t i t re  of l/s000 and showed 0.01% cross 
react ion wi th  gastr in as es t imated  by  rad io immunoassay ,  
and a similar  binding wi th  the  CCK 9-20. The  ant i serum 
to CCK 9-20 showed no binding wi th  gastr in 1125. Ant i -  
bodies to  CCK 9-20 stained m a n y  cells in the duodenum 
and j e junum of all species inves t iga ted  and somewha t  
fewer cells in the  ileum. G cells in the  ant ra l  mucosa  were 
no t  s tained with  ant ibodies  to CCK 9-20, bu t  ant ibodies  
to synthe t ic  human  Gastr in I and na tura l  CCK demon-  
s t ra ted G cells in the  ant ra l  mucosa  and duodenal  bulb, 
par t icular ly  in man, as well as cells in the  small  intestine.  
Comparison of the  serially s tained sections of intest ine 
showed t h a t  some cells, presumed to conta in  CCK, 
stained wi th  the ant ibodies  to CCI( 9 20 and also wi th  
gastr in ant ibodies  which showed cross react ion wi th  CCK, 
whereas others, p resumably  conta in ing t rue  intes t inal  
gastr in did not  react  at  all wi th  the  specific CCK ant i -  
bodies. Quan t i t a t i ve  studies revealed t h a t  CCK cells were 
about  equal  in number  in the  duodenum to cells con- 
ta ining gastrin. 
Discussion.  Antisera  raised against  synthe t ic  gastr in 1-17 
inev i tab ly  conta in  IgG subpopulat ions  react ing s t rongly 
wi th  the h ighly  ant igenic C-terminal  por t ion of the  mole- 
cule which is also present  in CCK. A degree of cross 
r eac t iv i ty  is thus  inevi table  and such sera, when used for 
immunocy tochemis t ry  in the  upper  intestine,  s tain bo th  
gastr in cells and CCK ceils. An ant i serum raised against  
the  9-20 dodecapept ide  sequence of CCK can in no way  
cross-react  wi th  gastrin,  and when used for immunocy to -  
chemis t ry  reveals only the  popula t ion  of CCK cells. 
Our s tudy  thus  emphasizes the  va lue  of using comple te ly  
specific antisera.  The  synthesis  of selected f ragments  of 
peptides,  chosen for their  lack of sequences common  to 
o ther  hormones,  provides  a unique  ant igenic  s t imulus  to  
raise such antisera.  The  increasing use of such hormone  
f r agment  ant ibodies  to achieve defined specifici ty is called 
for not  only in dis t inguishing similar  hormones  as in the  
present  s tudy  bu t  also, more generally, in studies designed 
to elucidate  the  part icular ,  and often unexpected,  cross 
reaet ivi t ies  which whole hormone  ant isera  m a y  display 
in normal  and, more f requent ly ,  neoplast ic  tissues. 

7 A.G.E.  Pearse and Julia M. Polak, Histochem. J. 7, 179 (1975). 


