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Interrelationship Between the Thyroid Gland and 

Many  mani fes t a t ions  of t he  t h y r o i d  ho rmones  are ve ry  
s imi la r  to those  of t he  s y m p a t h e t i c  ac t iv i ty .  Several  
h y p o t h e s e s  have  been  repor ted  to  expla in  the  possible  
re la t ions  exis t ing  be tween  the  t hy ro id  func t ion  and  
ca techolamines ,  such as: syn thes i s  modi f ica t ions  ~, de- 
crease  of ca tabol i sm ~, modi f ica t ions  of t he  enzymat i c  
sys t em involved  3, var ia t ions  in t u r n o v e r  a, and  s torage  of 
s y m p a t h e t i c  amines  s, ~, changes  in t h e  sens i t iv i ty  of 
recep tors  ~, ac t iva t ion  of adeuylcyclase  8, and  phosphory -  
]ase 9. 

In  a previous  p a p e r  s, we found  t h a t  the  u r ina ry  excre- 
t ion  of ca techolamines  increased and  the  3-methoxy-4-  
h y d r o x y  mandel ic  a c i d  decreased in t he  expe r imen ta l  
hype r thy ro id i sm,  whereas  no s ignif icant  modi f ica t ions  
were induced  in hypo thy ro id i sm .  Suppos ing  t h a t  t he  
p a r a m e t e r s  s tud ied  ref lect  t he  even t s  t ak ing  place in t he  
d i f fe ren t  t issues, inves t iga t ions  were pe r fo rmed  on the  
contents  and  t h e  concen t ra t ions  of ca techo lamines  and  
glycogen in 2 organs hav ing  d i f ferent  act ivi t ies  b u t  be ing 
sensi t ive  to  t he  t hy ro id  and s y m p a t h e t i c  funct ion,  such 
as t he  submax i l l a ry  g land ~~ and  the  hea r t  n of ra t s  in 
w h o m  expe r imen ta l  hyper -  and  h y p o t h y r o i d i s m  was  
induced.  

Materials and methods. Wis t a r  male  ra t s  were used. 
Ca techolamines  were de t e rmined  in the  submaxi l l a ry  
g land  and  hea r t  of animals  d iv ided  in to  3 groups : a) con- 
t ro l  an imals ;  b) animals  in jec ted  wi th  30 ~zg sod ium 
t r i i odo thyron ine  (Ta) i. p. dai ly for 1 week;  c) 40-day-old 
ra t s  in jec ted  wi th  1 mCi la~I i. p. 6 weeks before t he  
exper iments .  The modi f ica t ions  of glycogen in those  
organs  were d e t e r m i n e d  in 4 groups of animals  : a) controls ;  
b) in jec ted  w i t h  30 ~zM isoproterenol  i. p. 1/~ h before the  
e x p e r i m e n t s  ; c) in jec ted  wi th  ~81I ; d) admin i s t e red  wi th  
x81I plus 30 [zM isoproterenol  i. p. 1/~ h before the  experi-  
men t s .  R a t s  were  gui l lot ined be tween  9 and  12 h in 
order  to  avoid  c i rcadian modif ica t ions  ~, the  organs  being 
quick ly  r emoved  and  placed in cooling mix ture ,  weighed 
and  sub jec ted  to  t he  m e t h o d s  descr ibed below. 

Catecholamines  were ex t r ac t ed  following YON RULER 
and  LISI-IAJKO 1~. F luoromet r i c  eva lua t ion  was pe r fo rmed  
by  COHEN and  GOLDENBERG'S m e t h o d  ~*. Resul t s  are given 
in  ~zg/organ ~z S.E.M. (contents)  and  ~zg/g of f resh t issue 

Sympathetic Function 

:k S.E.M. (concentrat ion) ,  for norep inephr ine  (NE) and  
ep inephr ine  (E) respect ively .  GlycogeI1 was  d e t e r m i n e d  
accord ing  to  t he  m e t h o d  of RoE and  DAYLEY ~5, resul ts  
be ing given in ~zg/100g g of t issue :k S.E.M. Glycemia  was 
carr ied out  using the  SOMOGYI-NELSON method ,  resul ts  
be ing given in rag~lOOm1 ~: S.E.M. All t he  resul ts  
were  sub jec ted  to  S t u d e n t ' s  t- test .  E x p e r i m e n t a l  hype r -  
and  h y p o t h y r o i d i s m  was eva lua ted  by  using the  follow- 
ing p a r a m e t e r s :  body-we igh t  curve,  hea r t  r a te  t h r o u g h  
e lec t rocard iographic  t rac ing  on a po lygraph ,  and  the  
d e t e rmi n a t i o n  of g lycemia  in venous  blood.  In  order  t o  
compare  the  modi f ica t ions  in t he  weigh t  of t he  organ  
under  s tudy,  the  o rgan-weigh t / an imal -we igh t  re la t ionship  
was es tabl ished.  

Results. For  animals  t r e a t ed  w i t h  T 3, controls  and  
~81I respect ively ,  t he  o rgan-we ig fh /body-we igh t  re lat ion-  
ship  in the  submaxi l l a ry  gland was:  1.43, 1.00 and  0.60 
• 10-3; in hea r t  i t  w a s :  4.55, 3.63 and  2.53 •  hea r t  

ra te  was:  520 ~: 7, 380 • 10 and  236 :k 8 bea ts  per  min ;  
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Table I. Effects of Ta and 13xI on the content and on the concentration of NE and E of the submaxillary gland and the heart 

Submaxillary gland 
Experiment Catecholamines/organ Catecholamines/g of tissue 

NE (~g 4- SEM) E (~g ~ SEM) NE ([zg/g -4- SEM) E ([zg/g :j= SEM) 

T 3 (11) 0.16 :L 0.02 0.025 :~: 0.002 0.73 i 0.17 
CONTROL (14) 0.17 :L 0.02 0.026 ~: 0.002 0.82 i 0.12 
131I (10) 0.14 :J= 0.01 0.048 :~: 0.002 ~ 1.33 ! 0 .15~ 

0.07 :J: 0.01 ~ 
0.19 -P 0.02 
0.48 • 0.03 ~ 

Heart 
Experiment Catecholamines]organ Catecholamines]g of tissue 

NE ([~g q- SEM) E (~zg ~= SEM) NE ([zg/g • SEM) E ({zg/g =k SEM) 

T 3 (8) 0.40 i 0.02 ~ 0.078 2~: 0.012 0.67 • 0.06 
CONTROL (9) 0.28 -4- 0.02 0.087 :~ 0.011 0.40 :j= 0.05 
131I (8) 0.29 ~ 0.03 0.ii0 ~z 0.015 0.33 n~ 0,05 b 

0.06 • 0.01 
0.12 Jr 0.01 
0.21 -4- 0.03 a 

T 3 ; triiodothyronine; NE; norepinephrine; E; epinephrine; SEM; standard error of the mean; ( ) ; number of cases. 
P -< 0.001. b p < 0.005. 
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g lycemia  was:  135 =E 8, 98 -4- 2 and  85 ~ 4 nlg/100ml.  
H y p e r t h y r o i d  an ima l s  lost  2 4 %  of t h e i r  body - w e igh t  
d u r i n g  t he  t r e a t m e n t ,  whereas  those  in jec ted  w i t h  ~3~I 
p u t  on  34 %. 

T a caused  an  increase  of t he  c o n t e n t s  and  c o n c e n t r a t i o n  
of N E  in  the  h e a r t  a n d  a decrease  of E c o n c e n t r a t i o n  i n  
t h e  2 o rgans  s tudied .  I n  x3t I - t rea ted  animals ,  t he re  was 
an  increase  of N E  c o n c e n t r a t i o n  and  of E c o n t e n t s  and  
c o n c e n t r a t i o n  in  t h e  s u b m a x i l l a r y  glands,  whereas  E 
c o n c e n t r a t i o n  inc reased  in  m y o c a r d i u m  (Table  I). 

x3xI d id  n o t  a I te r  t h e  glycogen of t h e  o rgans  s tudied .  
A d m i n i s t r a t i o n  of i sopro te reno l  to  con t ro l  r a t s  signifi-  
can t ly  decreased  glycogen b o t h  in t he  s u b m a x i l l a r y  g land  
a n d  t he  h e a r t  30 m i n  a f t e r  be ing  in jec ted ,  w h i c h  effect  
was  no t  obse rved  in h y p o t h y r i o d  an ima l s  sub jec t ed  to  
the  same t r e a t m e n t  (Table  II) .  

Table II. Effects of isoproterenol and 131I on the concentration of 
glycogen of the submaxillary gland and the heart 

Experiment Glycogen Submaxillary gland Heart 
({xg/100 g 4- SEM) ([zg/100 g 2= SEM) 

Control (8) 46.1 -4- 1.8 88.3 • 3.2 
IsoproterenoI (8) 14.5 ~ 1.1 ~ 28.5 4- 0.7 
1~1I (8) 41.9 4- 3.6 104.6 4- 3.9 
lz~I + Isoproterenol (8) 30.5 4- 4.2 98.4 4- 3.7 

(), number of cases; SEM, standard error of the mean. % P < 0.001. 

Discussion. T~ caused  in t he  r a t ' s  s u b m a x i l l a r y  g lands  
a hype rae t lv i s  cha rac t e r i zed  b y  a m a x i m u m  increase  of 

is secre tory  responses  and  h y p e r t r o p h y  no t i ceab le  no t  on ly  
on  accoun t  of t he  increase  in  we igh t  b u t  also owing to t h e  
his to logical  modi f i ca t ions  obse rved  iv. I n  t he  hea r t ,  t he re  
was an  increase  in weight .  T he  fac t  t h a t  t h e  a m o u n t  a n d  
c o n c e n t r a t i o n  of t h e  h e a r t  N E  is increased  would  ind ica t e  
a decrease  of i t s  t u r n - o v e r  a n d  release.  T he  decrease  of E 
c o n c e n t r a t i o n  in b o t h  o rgans  is p a r t l y  to  be  a t t r i b u t e d  to  
t he  h y p e r t r o p h y  obse rved  a n d  to  a h ighe r  release c o i n -  
c iding w i t h  t h e  me tabo l i c  a n d  h e m o d y n a m i c  effects of 
h y p e r t h y r o i d i s m .  

I n  ~3~I-treted a n i m a l s  t h e r e  was  a decrease  in  t h e  
a c t i v i t y  of b o t h  s u b m a x i l l a r y  g l a n d  a n d  hea r t ,  w i t h  a loss 
of weight .  T h e  increase  of N E  c o n c e n t r a t i o n  in t h e  
s u b m a x i l l a r y  g land  m a y  be  a t t r i b u t e d  to t he  modi f i ca t ions  
in  t he  we igh t  of t he  g land  because  t h e  a m o u n t  keeps  
cons t an t .  On t he  o t h e r  h a n d ,  t h e r e  was a m a r k e d  increase  
( concen t r a t i on  a n d  con ten t )  of E wh ich  m i g h t  i nd i ca t e  

t h a t  i t s  release or c a t a b o l i s m  h a v e  decreased.  The  increase  
of E c o n c e n t r a t i o n  in m y o c a r d i u m  - p r o b a b l y  owing to  a 
lower  release or c a t a b o l i s m  - are  in  a g r e e m e n t  w i t h  t h e  
me tabo l i c  a n d  ca rd ioc i r cu la to ry  even t s  of h y p o t h y r o i d i s m .  

Glycogen  in  t he  s u b m a x i l l a r y  g l a n d  a n d  hea r t ,  wh ich  
was n o t  modi f i ed  in  13~I-treated an ima l s  insp i re  of t h e  
v a r i a t i o n s  in  t h e  c o n c e n t r a t i o n  of endogenous  ca techol -  
amines ,  was  a l t e red  b y  a n  exogenous  one, i soproterenol ,  
in  t h e  o rgans  of con t ro l  an imals ,  b u t  t h i s  effect  was  n o t  
no t i ced  in  l a t i - t r e a t ed  animals .  Th i s  suggests  t h a t  t h y r o i d  
h o r m o n e s  could m o d i f y  t h e  s e n s i t i v i t y  of adrenerg ic  
receptors .  

I n  shor t ,  i t  m i g h t  be  sa id  t h a t  t h e  h e t e r o g e n e i t y  of 
opin ions  r e g a r d i n g  t i le  t h y r o i d  a n d  s y m p a t h e t i c  f unc t i on  
m i g h t  der ive  f rom the  d i f fe rent  b e h a v i o r  of t he  severa l  
t issues h a v i n g  t h e i r  own  me tabo l i sm ,  so t h a t  N E  a n d  E 
t u r n - o v e r  would  be  affected accord ing  to  t h e  p r edomi -  
n a n c e  of t h e i r  me tabo l i c  or h e m o d y n a m i c  func t ions .  I t  is 
poss ible  t h a t  t he  ac t ion  of t h y r o i d  h o r m o n e s  oil ca techol -  
amines  opera tes  a t  d i f fe ren t  levels :  mod i f i c a t i on  of 
s torages,  increase  in  t he  s ens i t i v i t y  of r ecep tors  a n d  
i n h i b i t i o n  of t h e i r  ca tabo l i sm.  

Resumen. Se es tudi6  en r a t a s  W i s t a r  macho ,  el efecto 
de la  t r i i o d o t i r o n i n a  y el ~31I sobre  el con t en ido  y con- 
cen t r ac i6n  n o r a d r e n a l i n a  y ad rena l ina ,  en  g lgndu la  sub-  
m a x i l a r  y coraz6n.  Se es tud i6  t a m b i d n ,  el efecto del  
i sopro te reno l  sobre  el gluc6geno de a m b o s  6rganos  en 
an ima le s  cont ro les  e h ipo t i ro ideos  exper imenta les .  Se 
obse rv6  u n  c o m p o r t a m i e n t o  d i fe ren te  en  los dep6si tos  de 
n o r a d r e n a l i n a  y a d r e n a l i n a  en  los 6 rganos  es tudiados .  
La  t r i i odo t i r on ina  p rodu jo  u n a  d i s m i n u c i 6 n  en  la  l ibera-  
ci6n o ca t abo l i smo  de las c a t eco l aminas  y el ~ I  pa rece  
causa r  el efecto opues to  y u n a  d i s m i n u c i 6 n  de la sensibi -  
l idad  de los recp to res  adrendrgicos.  
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T r i i o d o t h y r o n i n e  a n d  T h y r o x i n e :  I n d u c t i o n  o f  M i t o s i s  i n  A d u l t  F r o g s  I 

T r i i o d o t h y r o n i n e  (T,) and  t h y r o x i n e  (T4) are able  to  
induce  m e t a m o r p h o s i s  ill l a rva l  a m p h i b i a  ~. I n  so doing,  
these  hormones ,  as p a r t  of t h e i r  overa l l  effect, i n s t iga te  
m i to t i c  a c t i v i t y  in  a n u m b e r  of t i ssues  3-6. KALTENBACtt 
a n d  HOBBS ~ i nd i ca t ed  t h a t  t h e  ac t ion  of t h y r o x i n e  u p o n  
t adpo l e  ocular  t issue,  such  as re t ina ,  co rnea  a n d  lens, 
m i g h t  be  direct .  W h e n  choles tero l  pe l le ts  c o n t a i n i n g  t h y -  
rox ine  were i n t r o d u c e d  in to  t h e  orbi t ,  mi tos i s  was  s t imu-  
l a t ed  in  t h e  t i ssues  men t ioned .  Whi l e  t he re  are  also r epo r t s  
showing  t h e  i o d i n a t e d  pheno l s  can  t r igger  p ro l i f e ra t ion  in 
a d u l t  m a m m a l i a n  t i ssues  7-9, i t  h a s  n o t  b e e n  cons idered  
l ike ly  t h a t  these  m a t e r i a l s  effect  t he  same p h e n o m e n o n  
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