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T h e  pupi l s  were  inspec ted  a t  in te rva l s .  I n  2 of t h e  ca t s  
t h e  d e n e r v a t e d  pup i l  was  found  to  be  cons ide rab ly  la rger  
t h a n  t h e  n o r m a l  one whi le  t h e  m e m b r a n e  was con t r ac t ed ,  
a n d  even,  to  a smal le r  ex t en t ,  a f t e r  i ts  r e l axa t ion .  De- 
g e n e r a t i o n  c o n t r a c t i o n  of t h e  pup i l l a ry  di la tor ,  d i f f icul t  
t o  f ind  in  u n a n a e s t h e t i z e d  c a t s L  can  t h u s  occas iona l ly  
Occu r ,  

U n p r o v o k e d  d e g e n e r a t i o n  sec re t ion  f rom the  s y m p a -  
t h e t i c a l l y  d e n e r v a t e d  s u b m a x i l l a r y  g land  was found  in 
4 cats .  I t  a p p e a r e d  l a t e r  t h a n  t he  c o n t r a c t i o n  of t h e  
m e m b r a n e ,  whi le  t h e  m e m b r a n e  was re lax ing  or later ,  
even  a t  t h e  end  of t he  e x p e r i m e n t s  38-40 h a f t e r  gangl io-  
nec tomy .  T h e  r a t e  of f low va r i ed  a n d  be tween  per iods  of 
a c t i v i t y  t h e r e  were i n t e r v a l s  of sec re to ry  rest ,  as s h o w n  
in t h e  F igu re  a n d  desc r ibed  ear l ie rL  I n  4 o t h e r  ca t s  de-  
g e n e r a t i o n  secre t ion  could  be  p r o v o k e d  32-37 h a f t e r  
g a n g l i o n e c t o m y  b y  i n j ec t i ng  n o r a d r e n a l i n e  i.v. Af ter  t h e  

i m m e d i a t e  sec re to ry  response  to  th i s  drug,  t h e r e  was a 
pause  of 5-7  rain,  a n d  secre t ion  was t h e n  r e c o m m e n e e d .  
In  2 ca t s  t he re  was no d e g e n e r a t i o n  secre t ion .  

T h e  F igure  shows d e g e n e r a t i o n  secre t ion  a p p e a r i n g  261/~ 
h a f t e r  gang l ionec tomy ,  w h e n  t h e  d e g e n e r a t i o n  con t r ac -  
t i on  of t h e  m e m b r a n e  was  wear ing  off. A second,  a n d  
more  m a r k e d  per iod  of secre t ion  30 h a f t e r  g a n g l i o n e c t o m y  
is also shown.  At  t h a t  s tage  t h e  m e m b r a n e  h a d  re l axed  
fully.  I t  is e v i d e n t  t h a t  c o n t r a c t i o n  a n d  sec re t ion  occur  
i n d e p e n d e n t l y  of each  o t h e r ;  t h e y  c a n n o t  be due  to ca te-  
c h o l a m i n e s  in t h e  b lood b u t  m u s t  be caused  b y  local  
even ts .  On the  whole,  secre t ion  ap p ea r s  l a te r  t h a n  t he  
c o n t r a c t i o n .  Th i s  m a y  ref lect  some di f ference  b e t w e e n  
t h e  sec re to ry  f ibres  of t h e  g l and  a n d  t h e  m o t o r  f ibres  of 
t h e  m e m b r a n e ;  i t  seems q u e s t i o n a b l e  w h e t h e r  an  expla-  
n a t i o n  can  be  p r o v i d e d  b y  t h e  f ind ing  1° t h a t  t h e  t ime  of 
a p p e a r a n c e  of d e g e n e r a t i o n  a c t i v i t y  d ep en d s  on t he  
l e n g t h  of t h e  d e g e n e r a t i n g  nerve .  T h a t  d e g e n e r a t i o n  
sec re t ion  was  o b t a i n e d  less regu la r ly  t h a n  c o n t r a c t i o n  of 
t h e  m e m b r a n e  is v e r y  l ike ly  due  to  t h e  fac t  t h a t  t h e  
s y m p a t h e t i c  sec re to ry  i n n e r v a t i o n  of t h e  c a t ' s  s u b m a x i l -  
l a ry  g l and  is va r iab le ,  be ing  s o m e t i m e s  ex tens ive ,  some-  
t imes  v e r y  s c a n t y  xx, x2 

Zusammen/assung. N a c h  S y m p a t h e c t o m i e  e r s c h e i n t  
eine ~¢Degenerationskontraktion~> de r  N i c k h a u t  n i c h t  n u r  
in wachen  s ode r  sp ina l en  9, s o n d e r n  a u c h  regehnXssig in 
n a r k o t i s i e r t e n  K a t zen .  D i e ,  D eg en e ra t i o n s s ek re t i o n ~  v on  
der  Submax i l l a r i sd r i i s e  t r i t t  spSte r  auf ;  abe r  au f  ( ; f u n d  
der  Variabi l i t~i t  der  s y m p a t h i s c h  sek re to r i schen  l n n e r v a -  
t ion  s ieh t  m a n  sic n i c h t  bei a l len Tieren.  

N .  EMMELIN 

Degeneration contraction and degeneration secretion. (a) Started 
251]z h, (b) 291/a h af ter  s y m p a t h e c t o m y .  Records in each section 
f rom above :  t ime  in rain, secret ion from the left,  from the r igh t  
s u b m a x i l l a r y  g land  and cont rac t ions  of the r igh t  and  the left  
n i c t i t a t i ng  membrane .  
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A H i s t o a u t o r a d i o g r a p h i c  S t u d y  of  P r o t e i n  L o s s  in 

Since 1962 in our  l a b o r a t o r y  we h a v e  been  able  to  work  
up  a mode l  of e n t e r o p a t h y  in r a t s  t r e a t e d  w i t h  d i f fe ren t  
dosages  of an t i fo l ic  d rugs  or  an t ib io t i c s .  More  recent ly ,  
h i s to logica l  c h a n g e s  of i n t e s t i n a l  m u c o s a  a n d  m e t a b o l i s m  
of CrSX-albumin h a v e  b e e n  i n v e s t i g a t e d  in these  a n i m a l s  
(MARANO et  al. 1). Our  e x p e r i m e n t s  showed  a l b u m i n  losses 
f rom the  bowel  a n d  a para l le l  fal l  of p ro t e in  p l a s m a  levels. 

T h e  pu rpose  of th i s  s t u d y  is to  c lar i fy  t he  m e c h a n i s m  
of p r o t e i n  loss a n d  to  e s t ab l i sh  a r e l a t i onsh ip  b e t w e e n  
e x p e r i m e n t a l  a n d  h u m a n  pa tho logy .  

One  h u n d r e d  m a l e  a lb ino  r a t s  (weighing be tween  200 
a n d  250 g) were d iv ided  in to  3 g roups :  t h e  f i rs t  g roup  of 
40 r a t s  rece ived  b y  s t o m a c h  t u b e  0.2 m g / k g  b o d y  we igh t  
of a m i n o p t e r i n e  da i ly  for 7 days ;  the  second group  of 
40 r a t s  was  g iven  t he  same  d rug  a t  t he  dosage of 
0.04 m g / k g  da i ly  for 60 days ;  t h e  r a t s  of t h e  t h i r d  group,  
used  as  a cont ro l ,  rece ived  2 ml  of sa l ine  dai ly.  

A t  t h e  end  of t h e  t r e a t m e n t ,  each  r a t  was  in jec ted  w i th  
15 pg  of CrSX-albumin in to  t h e  ve in  of t he  tail .  The  r a t s  
were  sacr i f iced in g roups  of 7, r e spec t ive ly  6, 12, 24, 48 
a n d  72 h fol lowing in j ec t ion  of a lbumin ,  and  a loop of 

the  I n t e s t i n e  of A n t i f o l i c - T r e a t e d  Rats  

t he  smal l  bowel  was t a k e n  for his tology.  This  s ample  was 
washed  in sal ine a n d  fixed in 10% formol  saline.  T he  
presence  of label led  a l b u m i n  in the  in t e s t ina l  m u c o s a  was 
d e m o n s t r a t e d  b y  m e a n s  of t h e  a u t o r a d i o g r a p h i c  t ech-  
n ique ;  r ad ioac t ive  Cr in  t h e  sec t ions  a p p e a r e d  as  b l a c k  
spots .  

Autoradiographic technique. After  f ixa t ion,  t h e  speci- 
mens  were washed  in water ,  d e h y d r a t e d  a n d  e m b e d d e d  
in pa ra f f in  a t  56-58 °C. 

T h e  sect ions,  5-7  # th ick ,  were p laced  in w a t e r  a t  
37°C, d i s t e n d e d  on  c lean  slides a n d  k e p t  o v e r n i g h t  
a t  37 °C; t h e  para f f in  was t h e n  r e m o v e d  a n d  t h e  sec t ions  
were left  for 5 m i n  in abso lu t e  a lcohol  to  d r y  a t  r oom 
t e m p e r a t u r e .  

T h e  p rocedure  was car r ied  o u t  in a d a r k  room ( W r a t t e n  
Safe l ight  No. 1 l amp)  as  follows. R e c t a n g u l a r  pieces  of 
fi lm ( K o d a k  a u t o r a d i o g r a p h i c  p l a t e s  t y p e  A} as large  as  

1 l'~. MARANO, G. I)ASTORE and O. SCIIfRALDL Russ. Fisiopat ,  elin. 
terap.  37, 544 (1965). 



46 Specialia EXPERIENTIA 24[I 

t h e  sl ides were  la id  face d o w n w a r d s  o n  t he  sur face  of 
de ion ized  w a t e r  a t  20°C;  t h e  sl ide was t h e n  i m m e r s e d  
u n d e r  t h e  f i lm so t h a t ,  m o v i n g  i t  upwards ,  t he  f i lm s t u c k  
i n to  it.  A f t e r  secur ing  a d h e s i o n  b e t w e e n  sl ide a n d  f i lm 
b y  dry ing ,  t h e  sec t ions  were p l a c e d  in a f i lm b o x  a n d  
t h i s  was  sea led  off. 

Af t e r  30 days ,  t h e  f i lms were deve loped  ( K o d a k  D 
solut ion)  a n d  f ixed (Na hyposu tph ide ) .  

Results. (1) I n  t h e  spec imens  of a n i m a l s  sacr i f iced 12 
a n d  24 h a f t e r  i n j ec t ion  of a l b u m i n ,  r ad ioac t i ve  m a t e r i a l  

Fig. 1 

Fig. 2 

Fig. i and 2. Small bowel of rat treated for 60 days and sacrificed 
48 h following injection of Cr ~1 Albumin. Many mucous cells show 
in the distal part of their cytoplasm a large and clear vacuole 
which contains radioactive material. 

Fig. 3. A mucous cell during 
the secretion phase shows 
diffusion of Cr 51 Albunfin into 
the intestinal lumen. 

was  o b s e r v e d  on ly  in  t h e  cap i l l a ry  vessels,  muscu la r i s  
m u c o s a  a n d  chor ion.  (2) T h e  spec imens  of a n i m a l s  sacr i -  
riced 48 a n d  72 h a f t e r  i n j ec t i on  of a l b u m i n  show n e a r l y  
all  t h e  r a d i o a c t i v e  m a t e r i a l  in  i m m e d i a t e  p r o x i m i t y  to  
ep i the l ia l  cells l in ing  t h e  m u c o u s  glands .  (3) T h e  bowel  of 
r a t s  t r e a t e d  for  7 day-s showed  a h i g h  degree  of rad io-  
a c t i v i t y ;  t h i s  p h e n o m e n o n  was  less e v i d e n t  in  t h e  g roup  
t r e a t e d  for  60 days .  

These  a u t o r a d i o g r a p h i c  o b s e r v a t i o n s  con f i rm  t h e  re- 
su l t s  of p r ev ious  e x p e r i m e n t s  in  which  b lood  level  a n d  
fecal  exc re t ion  of Cr51-albumin were  d e t e r m i n e d  (MARANO 
et  al. 1). T h e  r e l a t i o n s h i p  b e t w e e n  s eve r i t y  of h i s to logica l  
lesion a n d  a l b u m i n  loss h a s  been  conf i rmed  as  well. 

W e  shal l  discuss  here  in  de ta i l  on ly  t h e  h is to logica l  
p a t t e r n  of spec imens  t a k e n  48 h fol lowing i n j ec t i on  of 
a l b u m i n  in r a t s  t r e a t e d  for 60 days .  Th i s  we do for 2 
reasons.  T h e  f i rs t  is t h a t  t h e  h is to logica l  changes  in  t h e  
m u c o s a  of t h e  a n i m a l s  of th i s  g roup  were less m a r k e d  
t h a n  those  of t h e  o t h e r  groups,  so t h a t  t h e  cel lular  s t ruc-  
t u r e  could  be  d e m o n s t r a t e d  to  a b e t t e r  e x t e n t ;  t h e  
second is t h a t  t h e  f u n c t i o n a l  a n d  a n a t o m i c a l  lesions in 
these  r a t s  seem to  be  v e r y  s imi la r  to  those  seen in h u m a n  
p a t h o l o g y  a n d  p a r t i c u l a r l y  in  sp rue  (SCHIRALDI a n d  
MARANO ~ ; MARANO 3). 

I n  fact ,  t h e  les ions due  to  ch ron ic  t r e a t m e n t  w i t h  
a m i n o p t e r i n e  are  n o t  caused  b y  i n h i b i t i o n  of mi tos i s ;  on  
t h e  c o n t r a r y  t h e r e  seems to  be  a n  inc reas ing  mi tos is  r a t e  
a n d  a r ap id  ep i the l ia l  p ro l i fe ra t ion .  T h e  vill i  are  s h o r t e r  
a n d  s l igh t ly  t h i c k e r  b u t  well  a p a r t  f rom one a n o t h e r  a n d  
l ined b y  y o u n g  ep i the l ia l  cells a t  t imes  n o t  ful ly di f feren-  
t i a ted ,  p a r t i c u l a r l y  a t  t h e  base  of t h e  villus.  

T h e  n u m b e r  of m u c o u s  cells a p p e a r s  to  be  increased.  
These  e l emen t s  show genera l ly  p icno t i c  nuc leus  a n d  
g r a n u l a r  hyper -eos inoph i l i c  cy top l a sm.  T h e y  show also 
f r e q u e n t l y  in  t h e  d i s ta l  p a r t  of t h e i r  c y t o p l a s m  a la rge  
a n d  c lear  vacuo le  wh ich  c o n t a i n s  r ad i o ac t i v e  ma te r i a l .  
T h e  b l a c k  spo ts  are  usua l ly  sca t t e red ,  b u t  some of t h e m  
g a t h e r  in la rger  blocks.  A few m u c o u s  cells d u r i n g  t h e  
secre t ion  p h a s e  show di f fus ion  of CrSt -a lbumin  i n to  t h e  
i n t e s t i n a l  lumen .  I n  sQme slides t h i s  is s h o w n  b y  t h e  
p resence  of b l a c k  spo ts  in  t h e  basa l  m e m b r a n e  of epi- 
the l i a l  cells. 

T h e  d a t a  we h a v e  br ief ly  s u m m a r i z e d  a re  in  fui1 agree-  
m e n t  w i t h  t h e  o b s e r v a t i o n s  of o t h e r s  (HOLLANDER et  
al. 4). 

A close s imi l a r i t y  b e t w e e n  m u c o u s  sec re t ion  a n d  
i n t e s t i n a l  p r o t e i n  loss is t h e  m a i n  f ind ing  of t h i s  s tudy .  
I n  o u r  e x p e r i m e n t a l  cond i t ions ,  p r o t e i n  loss wou ld  seem 
to  occur  m a i n l y  t h r o u g h  t h e  m u c o u s  cells, even  t h o u g h  
severe  mu co s a l  d a m a g e  d id  n o t  appea r .  

Riassunto. ~ s t a t a  o s s e r v a t a  con  i s t o a u t o r a d i o g r a f i a  la  
m o d a l i t ~  del  passagg io  del la  a l b u m i n a  n e l l ' i n t e s t i n o  d i  
r a t t o  t r a t t a t o  con  a m i n o p t e r i n a .  Si ~ p o t u t o  d i m o s t r a r e  
c h e l a  p e r d i t a  p ro t e i ea  nel  l u m e  i n t e s t i n a l e  a v v i e n e  t r a -  
m i t e  le cellule m u c i p a r e  pe r  u n  processo di p inoci tos i .  
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