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Differential Effect of H y p o p h y s e c t o m y  on Skin and Tracheal  Cartilage Glycosaminog lycans  

For  m a n y  years ,  i t  h a s  been  k n o w n  t h a t  h y p o p h y -  
s e c t o m y  affec ts  t h e  g l y c o s a m i n o g l y c a n s  (GAG) of car t i -  
lage x-3 a n d  skin4 of ra t s .  

M e t h o d s  r ecen t l y  deve loped  for q u a n t i t a t i v e  i so la t ion  
a n d  s ep a ra t i o n  of GAG h a v e  now m a d e  it  poss ible  to 
c o m p a r e  the  c o n c e n t r a t i o n  of t hese  s u b s t a n c e s  in sk in  a nd  
t r a c h e a l  car t i lage  of n o r m a l  and  h y p o p h y s e c t o m i z e d  ra ts .  
There fo re  th i s  i n v e s t i g a t i o n  was  u n d e r t a k e n  to d e t e r m i n e  
w h e t h e r  h y p o p h y s e c t o m y  inf luences  in a s imi la r  w a y  t he  
d i s t r i b u t i o n  of t h e  GAG in b o t h  t issues .  

Materials and methods. 24 ma le  r a t s  of t he  W i s t a r  s t r a i n  
we igh ing  a p p r o x i m a t e l y  250 g were used  t h r o u g h o u t  t hese  
e x p e r i m e n t s .  T h e  a n i m a l s  were m a i n t a i n e d  on a s t a n d a r d  
l a b o r a t o r y  d ie t  (Fo r r amez  Lab,  Argen t ina )  and  k e p t  in  a 
c o n s t a n t  t e m p e r a t u r e  room.  One ha l f  of t he  g roup  was  
h y p o p h y s e c t o m i z e d  t h r o u g h  t he  p a r a p h a r y n g e a l  ap- 
p roach .  Co m p le t enes s  of h y p o p h y s e c t o m y  was  checked  
a t  a u t o p s y  on each  an imal .  All the  d e t e r m i n a t i o n s  were 
done  5 m o n t h s  a f t e r  h y p o p h y s e c t o m y .  T h e  o the r  ha l f  of 
t h e  g roup  was  cons idered  as controls .  A t  au topsy ,  t he  
whole  t r a c h e a  a n d  t he  a b d o m i n a l  sk in  were e x t r a c t e d  a n d  
freed of blood a n d  e x t r a n e o u s  mate r i a l s .  The  t i s sues  were 
t h e n  d e f a t t ed  a n d  d e h y d r a t e d  for 36 h w i th  2 c h a n g e s  of 
e t h e r - ace to n e  (1:1 v/v)  and  t h e n  dr ied a t  80~ for 5 h 
un t i l  of c o n s t a n t  weight .  5-500 m g  samp le s  of d ry  d e f a t t e d  
t i s sue  were s u s p e n d e d  in 2-6 ml  of p h o s p h a t e  buf fe r  
p H  7.2 an d  h e a t e d  a t  100~ for 20 rain. 15 m g  of p a p a i n  
were a c t i v a t e d  in 20 ml  of t he  s a m e  buf fe r  w i th  t he  
add i t i o n  of 0 . 0 0 5 M  E D T A  and  0 . 0 0 5 M  cys t e ine  HC1 a t  
58 ~ for 40 min .  T h e  a c t i v a t e d  p a p a i n  was  t h e n  a d d e d  to 
t he  cooled s a m p l e s  (0.3-3.0 ml / sample )  a n d  t he  n l i x tu r e  
was  i n c u b a t e d  for 24 h a t  58 ~ a f te r  12 h a n o t h e r  a l i quo t  
of t h e  e n z y m e  was  added.  Fol lowing d iges t ion  10% TCA  
was  a d d e d  to reach  a c o n c e n t r a t i o n  of 5% to p rec ip i t a t e  
a n y  res idua l  pro te in .  The  p rec ip i t a t e  was  t h e n  w a s h e d  
w i th  a n o t h e r  v o l u m e  of 10% TCA. 3 vol. of 5% p o t a s s i u m  
ace t a t e  in e t h a n o l  were t h e n  added  to  the  c o m b i n e d  TCA 
solu t ions .  Af ter  s t a n d i n g  12 h a t  3~ t he  p rec ip i t a t ed  
to t a l  c rude  GAG were cen t r i fuged  off a n d  d i sso lved  in 
0.4-1.0 ml  of wate r .  Uron ic  acid was  d e t e r m i n e d  on an  
a l iquo t  of the  ab o ve  by  the  m e t h o d  of BITTER and  MUIR 5. 
Th e  c rude  GAG were t h e n  f r ac t i ona t ed  on cellulose micro-  
c o l u m n s  b y  t h e  t e c h n i q u e  of SVEJCAR and  ROBERTSON% 
Uron ic  acid c o n c e n t r a t i o n  was  also d e t e r m i n e d  on each  
GAG fract ion.  Recover ies  of 150-3000 ~g of chondro i t in -  
4 - su lp h a t e  alone or w h e n  added  to a b o u t  50 m g  of sk in  
or 10 m g  of t r a c h e a  and  carr ied t h r o u g h  t he  en t i r e  
p ro ced u re  va r ied  b e t w e e n  90 and  96%. 

Results. T h e  Tab le  d e m o n s t r a t e s  t he  c o n c e n t r a t i o n s  of 
all G A G  f rac t ions  in sk in  a n d  t r a c h e a  of n o r m a l  a n d  
h y p o p h y s e c t o m i z e d  ra ts ,  exp re s sed  as  txg of u ron ic  ac id /g  
of d ry  sk in  or t r achea .  T o t a l  u ron ic  ac ids  were 67% 
inc reased  in sk in  a nd  28% decreased  in t r a c h e a l  car t i lage  
of h y p o p h y s e c t o m i z e d  r a t s  w h e n  c o m p a r e d  to  normal s .  
Th i s  f l u c t u a t i o n  in oppos i t e  d i rec t ions  was  due  to  a 
m a r k e d  increase  obse rved  in t he  c o n c e n t r a t i o n s  of b o t h  
g lycopro te ins  (2.85 t i m e s  normal )  a n d  h y a l u r o n i c  acid 
(2.17 t i m e s  normal )  in t he  sk in  co inc iden t  w i th  a decrease  
of t hese  c o m p o u n d s  in t r a c h e a  of h y p o p h y s e c t o m i z e d  
rats .  

T h e  o the r  GAG f rac t ions  were  lowered in b o t h  t i s sues  
of e x p e r i m e n t a l  r a t s  b e t w e e n  5 a nd  40%.  Chondro i t in -  
6 - su lpha te ,  d e r m a t a n  s u l p h a t e  a n d  h e p a r i n  were t he  
f rac t ions  m o s t  a f fec ted  in skin,  w he re a s  h e p a r i t i n  su lpha t e ,  
c h o n d r o i t i n - 4 - s u l p h a t e  a n d  c h o n d r o i t i n - 6 - s u l p h a t e  were 
m o s t  a f fec ted  in t r achea .  

T h e s e  s tud ie s  i l lus t ra te  2 t h i n g s :  (1) a d i f fe ren t ia l  
effect  of h y p o p h y s e c t o m y  on sk in  a nd  t r a c h e a l  car t i lage  
r e ga rd ing  t h e  m e t a b o l i s m  of g lycopro te ins  a n d  h y a l u r o n i c  
acid;  (2) a d i ssoc ia t ion  in t he  b e h a v i o u r  of h y a l u r o n i c  acid 
a n d  t he  s u l p h a t e d  G A G  in sk in  fol lowing h y p o p h y s -  
e c tomy .  The  fo rmer  effect  of p i t u i t a r y  def ic iency ha s  n o t  
been  r epo r t ed  prev ious ly .  Tile l a t t e r  h a s  been  obse rved  b y  
us  7 in t h y r o i d e c t o m i z e d  ra t s  a nd  b y  SCHILLER et  al. 4,8 in 
b o t h  h y p o p h y s e c t o m i z e d  a n d  p r o p y l t h i o u r a c i l - t r e a t e d  
ra ts ,  a l t h o u g h  these  a u t h o r s  did no t  cons ider  all t h e  
s u l p h a t e d  GAG f rac t ions  9. 
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Effect of hypophysectomy on concentration of GAG in rat skin and trachea 

Skin 

Normal Hypophysecto- Times 
rats mized rats normal 

Trachea 

Normal 
rats 

Hypophysecto- 
inized rats 

Times 
n o r m a l  

Uronic acids 1184.7 1985.2 1.67 
Glycoproteins 48.3 • 6.2 138.0 • 21.4 2.85 
Hyaluronic acid 528.2 • 48.6 1161.0 4- 92.1 2.17 
Heparitin sulphate 58.7 -E 7.3 56.3 i 6.1 0.96 
Chondroitin-4-sulphate 69.3 4- 9.0 63.7 q- 8.4 0.92 
Chondroitin-6-sulphate 68.5 ~ 8.3 48.3 ~ 5.4 0.70 
Dermatan sulphate 205.4 ~ 26.0 148.0 • 19.2 0.72 
Heparin 71.4 ~ 16.3 53.0 ~_ 13.6 0.74 

30948.0 
3011.0=k 271 
1671.0=t= 197 
1716.0=t= 183 

20063.0=t_1297 
1498.0/- 111 
793 .0 i  62 

22416.0 
2316.0• 
1421.0-E187 
1316.0• 

14324.0:~938 
872.0 A2 68 
668.0 • 94 

0.72 
0.76 
0.89 
0.76 
0.71 
0.58 
0.84 

Concentration expressed as ~zg uronic acid/g dry skin or ~zg uronic acid/g dry trachea. 
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Resumen. E n  12 r a t a s  n o r m a l e s  y en  12 h ipof i sec to-  
m i z a d a s  150 dias  an t e s  se d e t e r m i n a r o n  las concen t r ac iones  
de Acidos urdnicos ,  g l icoprotefnas ,  Acido h ia lurdnico ,  
h e p a r i t l n  sul fa to ,  condro i t ln -4-su l fa to ,  condro i t in -6-su l -  
fato,  d e rm a tAn  su l fa to  y h e p a r i n a  en piel y car t i lago 
t r aquea l .  E s t o s  e s tud ios  d e m o s t r a r o n  dos hechos :  (1) u n  
efecto d i s t i n to  de la h ipo f i s ec tomia  sobre  piel y t rAquea  
en re lacidn con el m e t a b o l i s n m  de las g l icopro te inas  y el 
Acido hia lurdnico,  c u y a s  concen t r ac iones  a u m e n t a r o n  en 
la p r i m e r a  y descend ie ron  en la s e g u n d a ;  (2) u n a  disocia-  
cidn en t re  el c o m p o r t a m i e n t o  del Acido h ia lu rdn ico  y los 
g l i cosaminog l i canos  Sulfa tados  en piel, a u m e n t a n d o  la 
con cen t r ac id n  del p r imero  y d i s m i n u y e n d o  las cor respon-  

d i en t e s  a los s e g u n d o s  en f o r m a  var iab le  segdn  la f raccidn 
cons iderada .  
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Effec t  of  F e e d i n g  P s o r a l e n  on  the  C o p p e r  C o n t e n t  of  D i f f e r e n t  O r g a n s  in  A l b i n o  R a t s  

F u r o c o u m a r i n s  h a v e  been  k n o w n  to induce  p i g m e n t a -  
t i on  in v i t i l ig inous  sk in  w h e n  a d m i n i s t e r e d  a long  w i t h  
l on g wav e  UV- or so la r - i r rad ia t ion  l-a. T h e  precise m e c h a -  
n i s m  of th i s  i n d u c t i o n  is a t  p r e sen t  la rgely  u n k n o w n .  
MOFTY et  al. 4 h a v e  r epo r t ed  t h a t  feeding  of 8 - m e t h o x y -  
pso ra len  to  a lb ino  r a t s  caused  a m a r k e d  rise in b lood 
copper  a n d  a s ign i f i can t  drop in i ts  c o n t e n t  in liver. How-  
ever, 8 - i s o a m y l e n e o x y p s o r a l e n  was  found  to be ineffect ive .  
H e n c e  i t  was  cons idered  wor thwh i l e  to i n v e s t i g a t e  t h e  
effect  of feeding  pso ra len  for d i f fe rent  per iods  a n d  obse rv -  
ing i ts  effect  on t o t a l  copper  of t he  d i f fe ren t  o rga ns  in 
a lb ino  ra ts .  Th e  r e su l t  of such  s tud ies  are r epo r t ed  in t he  
p r e s e n t  c o m m u n i c a t i o n .  

Male a lb ino r a t s  (100 g) were  d iv ided  in to  4 g roups  of 
8 r a t s  each.  Th e  compos i t i on  of t he  feeding m i x t u r e  w a s  
250 m g  g u m  t r a g a c o n t h ,  750 m g  glucose,  125 m g  psora len ,  
2.5 m l  e t h y l  a lcohol  and  w a t e r  to  m a k e  25 ml.  I n  t he  
n o r m a l  feeding  m i x t u r e  pso ra len  was  omi t t ed .  E a c h  r a t  
was  fed 0.5 ml  of t h e  so lu t ion  daily.  Af t e r  t he  r equ i s i t e  
period of feeding  t h e  r a t s  were killed, o rgans  i m m e d i a t e l y  
r emoved ,  we ighed  a n d  d iges t ed  to a t r a n s p a r e n t  colour-  
less l iquid.  T h e  d iges ted  s amp le s  of va r ious  o rgans  con-  
t a i n in g  c o n c e n t r a t e d  su lphu r i c  acid were p o l a r o g r a p h e d  
u s in g  L a n g e ' s  m a n u a l  p o l a r o g r a p h  w i th  a m u l t i f l e x  
g a l v a n o m e t e r  for  record ing  cu r ren t .  I n  all t h e  samples ,  
the  h a l fwav e  poten t ia l ,  m e a s u r e d  aga in s t  H u m e  a n d  
H a r r i s  s a t u r a t e d  ca lomel  e lec t rode  a t  37 ~ was  e x a c t l y  
a t  0 V, a p o t en t i a l  r epor t ed  for copper  ions in th i s  
m e d i u m .  T h e  c o n c e n t r a t i o n  of copper  was  ca lcu la ted  by  
m e a s u r i n g  t h e  d i f fus ion  c u r r e n t  a t  0.200 V. The  effect  

of d i f fe ren t  c o n c e n t r a t i o n s  of su lphu r i c  acid, d i f fe ren t  
ionic s t r e n g t h  ob t a ine d  b y  t he  add i t i ons  of p o t a s s i u m  
chlor ide a n d  p o t a s s i u m  s u l p h a t e  was  also i n v e s t i g a t e d  
a nd  f o u n d  to  be negligible.  

Before  a c t u a l l y  do ing  t h e  copper  c o n t e n t  of d i f fe ren t  
o rgans  of n o r m a l  a nd  psora len- fed  a lb ino ra ts ,  some  
r ecove ry  e x p e r i m e n t s  were done  b y  a d d i n g  d i f fe ren t  
a m o u n t s  of copper  to  all t h e  o rga ns  u n d e r  s t u d y  in order  
to k n o w  the  error  in the  e s t ima t ion .  T h e  error  was  found  
to v a r y  f rom 4- 2 to 4- 5% in m o s t  of t h e  o rgans  a n d  
t h a t  is well w i th in  t he  l imi t  of po la rog raph ic  ana lys i s  5. 

T h e  Tab le  r e p r e se n t s  t he  t o t a l  copper  in d i f fe rent  o rgans  
of psora len- fed  r a t s  for 3, 7 a n d  15 days .  The  copper  
c o n t e n t  of spleen ind ica ted  a rise of a r o u n d  46.2% a n d  
l iver  on t he  o the r  h a n d  e xh ib i t e d  a decrease  of a b o u t  
42 .87% af te r  3 d a y s  of p so ra l e n  a d m i n i s t r a t i o n .  These  
c h a n g e s  were more  or less m a i n t a i n e d  in b o t h  t he  o rgans  
even  a f te r  15 d a y s  of feeding.  Skin was  found  to give a 
va r i ab le  r e sponse  a t  d i f fe rent  per iods.  In i t i a l  feeding for 
3 d a y s  ind ica ted  a rise of a b o u t  43.52%.  F u r t h e r  feeding  
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Total copper in different organs of normaI and psoralen-fed albino rats 

Groups Copper content of various organs (in mg%) 

Liver Skin Heart Brain Kidney Lung Spleen Muscle 

Normal 8.00 1 3.27 3.35 2_ 2.77 4.95 :a: 1,32 1.49 :z 0.67 3.61 2_ 2.41 5.25 = 3.70 9.16 2_ 4.64 2.07 i 1.59 

Psoralen-fed 

3 days 4.50 i 3.27 4.81 :i: 2.27 5.22 ~ 4.26 1.58 4- 0.90 3.14 =c 1.16 5.27 4- 2.87 13.40 i 2.58 2.29 2_ 1.07 
7 days 4.75 -~ 1.45 1.40 z_ 1.29 5.47 =I= 3.38 1.45 ~- 0.56 3.28 2= 2.47 4.77 2_ 3.57 12.24 ~= 8.05 2.02 2_ 1.32 
15 days 4.46 ~_ 1.67 3.25 :a= 1.84 4.75 z- 2.46 1.98 2_ 0.,73 3.48 :a: 0.75 5.43 :z: 2.71 13.99 ~: 5.10 2.79 4- 1.32 

Values given are mean of 8 animals. 


