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c a p t u r e d  in April ,  1967, and  m a i n t a i n e d  a t  20°C for 
8 weeks  pr ior  to  h y p o p h y s e c t o m y  in la te  June .  Af t e r  
h y p o p h y s e c t o m y ,  the  fish were  k e p t  a t  20°C for 15 
weeks  and  ha l f  were t h e n  gradua l ly  t r ans fe r red  to  wa te r  
a t  - - 1 . 5 ° C  af ter  acc l imat ion  to  i n t e r m e d i a t e  t empe r a -  
tu res  for var ious  lengths  of t ime  (Table I). The r emain ing  
ha l f  were  kep t  a t  20°C unt i l  t he  e x p e r i m e n t  was  ter -  
mina t ed .  Control  groups  of i n t ac t  f ish were  also main-  
t a ined  a t  20°C and  - -1 .5°C.  A t  t he  t i m e  of au topsy ,  
no h y p o p h y s e c t 0 m i z e d  fish h a d  increased s igni f icant ly  
in l eng th  since the  da t e  of h y p o p h y s e c t o m y  and  none 
showed any  s igni f icant  t race  of nup t i a l  colorat ion.  These  
indicat ions,  t oge the r  w i t h  an overal l  pal lor  and  com-  
plete  sexual  regression,  p rov ided  a d e q u a t e  ev idence  of 
the  absence  of a p i tu i t a ry  r e m n a n t .  Se rum glucose was  
de t e rmined  the  d a y  fol lowing a u t o p s y  us ing an  ul t ra-  
micro a d a p t a t i o n  of t h e  Glucos ta t  (Wor th ing ton  Bio- 
chemical  Corporat ion)  enzyma t i c  me thod ,  fol lowing t h e  
procedure  of SAIFER and  GERSTENFELD 16. The resul ts  
are p re sen ted  in Table  II .  

At  20°C, se rum glucose levels were  s igni f icant ly  lower  
in h y p o p h y s e c t o m i z e d  f ish t h a n  in i n t ac t  controls .  How-  

Table I. Period of acclimation of FunduMs heteroclitus to various 
temperatures 

Group Final Time at each temperature for acclimation 
tern- 20 °C 10 °C 4 °C - -  1.5 °C 
perature 
(°C) 

Intact 20 51 weeks - - - 
--1.5 23weeks 22weeks 4weeks 10 days 

Hypophy- 20 50 weeks - - - 
sectomized --1.5 23 weeks 22 weeks 4 weeks 10 days 

ever,  a f ter  l iv ing for 10 days  a t  - -1 .5°C,  hype rg lycemia  
deve loped  in b o t h  in t ac t  and  h y p o p h y s e c t o m i z e d  killifish. 
These  resul ts  ind ica te  t h a t  even  t h o u g h  the  p i t u i t a r y  is 
invo lved  in se rum glucose regula t ion  a t  20°C, t he  p i tu -  
i t a ry  and  the  g lands  unde r  i ts  d i rec t  cont ro l  are no t  
respons ib le  for el ici t ing the  hype rg lycemia  observed  a t  
subzero  t empera tu re s .  

Since the  p i t u i t a r y  and  the  g lands  unde r  i ts  d i rec t  
con t ro l  are no t  respons ib le  for t h e  co ld- induced  hype r -  
g lycemia  in killifish, fu r the r  inves t iga t ions  are needed  
to  es tab l i sh  the  h o r mo n a l  cont ro l  of th is  response.  E n d o -  
cr ine g lands  no t  unde r  p i t u i t a r y  cont ro l  t h a t  m i g h t  be 
invo lved  are  t h e  panc rea t i c  islets and  ch romaf f in  t issue.  
Of these,  t he  panc rea t i c  islets seem to offer  the  m o s t  
p romise  as cont ro l l ing  agents  in the  cold- induced hyper -  
g lycemic  response  since seasonal  cycles in the i r  h is to logy 
are  known.  Fo r  example ,  PALLOT 17 e x a mi n e d  the  islet  
t i ssue  f rom 8 species of f ish to  f ind  increased n u m b e r s  of 
a-cells dur ing  the  win te r ;  in t he  spring,  t he  n u m b e r  of 
a-cells h a d  d iminished .  In  addi t ion ,  SAID and  AL-HI~s- 
SAINI is found  t h a t  in t he  islets of Tilapia and  Mugil 
the re  was  a lmos t  no insulin p r e s e n t  in t h e  a u t u m n  and  
winter ,  b u t  i t  was  a b u n d a n t  in t he  s u m m e r ;  g lucagon 
was  p re sen t  a t  all  seasons w i t h o u t  m u c h  difference.  E i t h e r  
a decrease  in insul in  p roduc t i on  or an increase in glucagon 
p roduc t ion ,  as r epo r t ed  for o the r  fish, could accoun t  for 
t he  co ld- induced  hype rg lycemia  in Fundulus hetero- 
clitus 19. 

Zusammen]assung. Glukose-Ste igerung  im Serum yon  
Fundulus heteroclitus nach  Akk l ima t i sa t ion  an - - 1 , 5 ° C  
wird  n ich t  d u t c h  die H y p o p h y s e  ve rursach t .  H ingegen  
is t  die H y p o p h y s e  no twendig ,  u m  die Serumglukose  bei  
20°C bei  no rma le r  K o n z e n t r a t i o n  zu ha l ten .  H y p o p h y -  
sek tomie  bei  20°C h a t  eine A b n a h m e  der  Serumglukose  
zur Folge.  

B. L. UMMINGER 20 

Table II. Serum glucose concentrations (mg/lO0 ml) of intact and 
hypophysectomized male Fundulus heteroclitus acclimated to various 
temperatures • 

Group Acclimation temperature 
20 °C - -  1.5 °C 

Intact 69.6 + 3.2 (7) 230.4 :k 41.6 (5) o 
Hypophysectomized 55.6 xL 4.0 (7) b 396.7 2~ 51.4 (4) b, e 

* Data expressed as mean + standard error (sample size), b Signifi- 
cantly different from intact controls (p<0.05) using Student's 
t-test, c Significantly different from 20°C controls (p < 0.05) using 
Student's t-test. 
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T h e  Ac id ic  G l y c o s a m i n o g l y c a n s  in the  S k i n  of  A t h y r o i d  R a t s :  the  Effects  of  L - T r i - I o d o t h y r o n i n e  

Since t h e  work  of WATSON and  PEARCE 1 i t  has  been  
k n o w n  t h a t  s u b n o r m a l  t hy ro id  ac t iv i ty  affects  t h e  glycos- 
aminog lycans  of t he  skin. The changes  r epo r t ed  were  an  
increse in the  hya luron ic  acid and  a decrease  in t he  
d e r m a t a n  sulfa te  c o n t e n t  of t he  skin ~,3. These  resul ts  
seem to  be  i n d e p e n d e n t  of t h y r o t r o p h i n  because  the  same 
changes  are no ted  a f te r  h y p o p h y s e c t o m y  as in hypo-  
thy ro id i sm ~. 

This  r epor t  p resen t  s d a t a  on the  g lycosaminoglycan  
c o n t e n t  of the  skin of normal ,  a t hy ro id  and  a thy ro id -  

t r e a t e d  ra t s  w i th  L- t r i - iodothyronine  (L-T3), us ing the  
t e chn iques  now avai lable  for the  q u a n t i t a t i o n  of gly- 
cosaminog lycans  in order  to  ge t  fu r the r  ins ight  in to  t he  

1 E.M. WATSON and R. D. PEARSE, Am. J. clin. Path. 79, 442 (1949). 
2 S. SCHILLER, G. A. SLOVER and A. DORFMAN, Biochim. biophys. 

Acta 58, 27 (1962). 
8 j . A .  KOFOED and C. E. BozzIm, Acta physiol, latinoam. 17, 323 

(1967). 
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Normal rats Athyroid rats Athyroid + 
1 pig L-T3 

Athyroid + 
1 ptg L-T3 

Total ttronic acids 1088.3 1150.8 1102.7 1094.9 
Glycoproteins 46.3 :]z 5.7 49.8 4- 5.1 47.3 ~ 7.8 45.2 :J: 9.2 
Hyaluronic acid 563.2 ~ 48.3 696.2 -4- 41.4 602.4 ± 47.3 569.4 -4- 43.7 
Chondroitin-4-sulfate 68.7 ~z 9.0 60.6 4- 11.3 57.1 ± 9.1 59.7 + 8.7 
Chondroitin-6-sulfate 66.4 4- 7.1 61.7 ~ 7.4 64.3 4- 8.4 69.5 -4- 5.3 
Heparitin sulfate 52.6 4- 7.4 57.9 + 8.5 55.2 4- 8.9 62.8 -4- 9.8 
Dermatan sulfate 219.8 4- 21.4 157.4 4- 18.7 206.4 1 27.3 226.8 4- 24.2 
Heparin 71.3 4- 11.4 67.2 4- 9.8 69.8 4- 8.3 61.3 4- 11.4 

Concentration of glucosaminoglycans expressed as ptg uronie acids/g dry skin. 

r e l a t i o n s h i p  b e t w e e n  t h e  t h y r o i d  g l and  a n d  t h e  m e t a b o -  
l i sm of c o n n e c t i v e  t issue.  

Materials and methods. 40 W i s t a r  m a l e  r a t s  w i t h  a n  
ave rage  w e i g h t  of 231.8-4-2.6 g were  used  t h r o u g h o u t  
t he se  expe r imen 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  ( F o r r a m e z  Lab. ,  A r g e n t i n a )  
in  pe l l e t  f o rm  w i t h  w a t e r  ad  l i b i t u m  a n d  k e p t  in  a con-  
s t a n t  t e m p e r a t u r e  room.  T h e  a n i m a l s  were  d i v i d e d  i n t o  
4 groups .  T h y r o i d  d e s t r u c t i o n  was  a c c o m p l i s h e d  in 3 of  
t h e m  b y  a d m i n i s t r a t i o n  of 700 ttC of  I TM. T h e y  were  
u sed  a f t e r  3 m o n t h s  of r a d i o - a c t i v e  iod ine  a d m i n i s t r a t i o n .  
G r o u p  1 a c t e d  as  u n t r e a t e d  n o r m a l  con t ro l s ;  g r o u p  2 was  
cons ide red  as  a t h y r o i d  r a t s  a n d  g roups  3 a n d  4 were  
a t h y r o i d  r a t s  i n j ec t ed  da i ly  w i t h  0.1 a n d  1 ttg r e s pec t i ve ly  
of L-T3  (S igma  Chemica l  Co., U S A )  for  20 days .  Com-  
p l e t eness  of t h y r o i d  d e s t r u c t i o n  was  checked  a t  a u t o p s y  
on  e a c h  an ima l .  

T h e  a b d o m i n a l  sk in  of e ach  a n i m a l  was  e x t r a c t e d  a n d  
f reed of b lood  a n d  e x t r a n e o u s  ma te r i a l s .  T h e  t i s sues  
were  t h e n  d e f a t t e d  a n d  d e h y d r a t e d  for  36 h w i t h  2 
changes  of e t h e r - a c e t o n e  ( I : 1  v /v )  a n d  t h e n  dr ied  a t  
80°C for  5 h u n t i l  c o n s t a n t  weight .  300 m g  s am p l e s  of 
d r y  d e f a t t e d  t i s sue  were  s u s p e n d e d  in  6 m l  of p h o s p h a t e  
buf fe r  p H  7.2 a n d  h e a t e d  a t  100°C d u r i n g  20 min .  15 m g  
of p a p a i n  were  a c t i v a t e d  in  20 m l  of t h e  s a m e  buf fe r  
w i t h  t h e  a d d i t i o n  of 0 . 0 0 5 M  E D T A  a n d  0 . 0 0 5 M  cys te ine  
HC1 a t  58°C for  30 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 h e  cooled s am p l e s  ( 2 m l / s a m p l e )  a n d  t h e  
m i x t u r e  was  i n c u b a t e d  for  2 4 h  a t  58°C; a f t e r  1 2 h  
a n o t h e r  a l i q u o t  of t h e  e n z y m e  was  added.  Fo l lowing  
d iges t ion ,  10% TCA was  a d d e d  t o  r e a c h  a f ina l  concen-  
t r a t i o n  of 5 %  to  p r e c i p i t a t e  a n y  r e s idua l  p ro t e in .  T h e  
p r e c i p i t a t e  was  t h e n  w a s h e d  w i t h  a n o t h e r  v o l u m e  of 
10% TCA. 3 v o l u m e s  of 5 %  p o t a s s i u m  a c e t a t e  in  e t h a n o l  
were  t h e n  a d d e d  t o  t h e  c o m b i n e d  T C A  solu t ions .  Af t e r  
s t a n d i n g  for  12 h a t  3 °C, t h e  p r e c i p i t a t e d  t o t a l  c rude  
g lycosaminog lycans  were  cen t r i fuged  off  a n d  d isso lved  
in  1 m l  of 3.5%o NaC1 so lu t ion .  U r o n i c  ac id  was  de te r -  
m i n e d  o n  a n  a l i q u o t  of  t h e  a b o v e  b y  t h e  m e t h o d  of 
BITTER a n d  MUIR*. T h e  c rude  g l y c o s a m i n o g l y c a n s  were  
t h e n  f r a c t i o n a t e d  on  cel lulose m i c r o c o l u m n s  b y  t h e  tech-  
n i q u e  of SVEJCAR a n d  I~OBERTSON 5. U r o n i c  ac id  concen-  
t r a t i o n  was  also d e t e r m i n e d  on  each  g lycosaminog lycan  
f rac t ion .  Recover i e s  of 150-3000 ~tg of chondro i t i n -4 -  
su l fa te  a lone,  or  w h e n  a d d e d  to  50-300 m g  of d r y  sk in  
a n d  ca r r ied  t h r o u g h  t h e  en t i r e  p rocedure ,  v a r i e d  b e t w e e n  
8 9 - 9 6 % .  

Results. T h e  T a b l e  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  of 
al l  g l y c o s a m i n o g l y c a n  f r ac t ions  in  sk in  of normal ,  

a t h y r o i d  a n d  a t h y r o i d - t r e a t e d  ra ts ,  expressed  as ~g of 
u ron ic  ac ids /g  d r y  d e f a t t e d  skin.  T h e  s a m e  t a b l e  shows 
t h a t  t h e  c o n c e n t r a t i o n  of h y a l u r o n i c  ac id  was  inc reased  
20% a n d  t h a t  of d e r m a t a n - s u l f a t e  decreased  28% in t h e  
a t h y r o i d  r a t s  w h e n  c o m p a r e d  w i t h  cont ro ls ,  whe reas  
t h e  o t h e r  f r ac t ions  d id  n o t  show s t a t i s t i c a l l y  s ign i f i can t  
differences.  T h e  a d m i n i s t r a t i o n  of b o t h  doses  of L -T3  
r eve r sed  t h e  effects  of t h y r o i d e c t o m y .  T h e  f ind ings  of  
inc reased  h y a l u r o n i c  ac id  a n d  decreased  d e r m a t a n -  
su l fa t e  w i t h  no  s ign i f i can t  d i f fe rences  a m o n g  t h e  o t h e r  
su l f a t ed  f r ac t ions  in  t h e  sk in  of a t h y r o i d  r a t s  a re  s im i l a r  
to  t hose  f o u n d  in ca r t i l age  6. A p p a r e n t l y  t h y r o i d  h o r m o n e  
def ic iency  af fec ts  b o t h  t i s sues  in  a s im i l a r  way .  T r e a t -  
m e n t  of t h y r o i d e c t o m i z e d  r a t s  w i t h  t h e  s a m e  doses  of  
L-T3,  inc reased  h e a t  p r o d u c t i o n  b y  30% in  excess  of  
no rma l ,  whereas  a d m i n i s t r a t i o n  of D-T3  p r o d u c e d  a lesser  
increase  wh ich  was m a i n t a i n e d  t h r o u g h o u t  t h e  i n j ec t i on  
pe r iod  a n d  t h e n  r e t u r n e d  to  t h e  t h y r o i d e c t o m i z e d  levelL 
Vv-hether L-T3 e x e r t s  a d i r ec t  e f fec t  o n  ca r t i l age  a n d  
sk in  g lycosaminog lycans ,  or  w h e t h e r  t h e  resu l t s  n o t e d  
are  s e c o n d a r y  to  t h e  calor ic  ef fec t  of t h e  hormone ,  
r e m a i n s  as a n  open  q u e s t i o n  8 

Resumen. E s t e  e s tud io  d e m u e s t r a  q u e e n  piel  de r a t a s  
a t i ro ideas ,  en  c o m p a r a c i 6 n  con  las  normales ,  el Acido 
h i a lu r6n i co  a u m e n t a  u n  20% m i e n t r a s  que  el d e r m a t A n  
su l fa to  d i s m i n u y e  u n  28%,  no  encont rAndose  d i fe renc ias  
s ign i f i ca t ivas  en  las  demAs f racciones  de g lycosamino-  
g lycanos .  E s t e  efecto d i fe renc ia l  es s imi la r  al  y a  encon-  
t r a d o  po r  noso t ros  en  car t f lago.  
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