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O n  the  S e c r e t i o n  of  T h e r m o t h y r i n  A 

in  the  F i n n i s h  S t e a m - B a t h  

In  1943 in a c o m p r e h e n s i v e  m o n o g r a p h  in G e r m a n ,  
w h i c h  was also p u b l i s h e d  in 1949 as a n  E ng l i s h  t r ans l a -  
t ion ,  MANSFELD X has  s h o w n  t h e  ex i s t ence  of two  t h y r o x i n -  
a n t a g o n i s t i c  p r inc ip l e s  of t h e  t h y r o i d  g land ,  w h i c h  
r e t a r d  t h e  o x i d a t i o n  p h e n o m e n a  in m a m m a l i a n  t i ssue .  
MANSFELD cal ls  t h e s e  h o r m o n e s  t h e r m o t h y r i n  A a n d  B. 
T h e  f o r m e r  is a l w a y s  s ec r e t ed  i n t o  t h e  b lood  i n d e p e n d -  
e n t  of t h e  season  on occas ions  w h e n  t h e  m a m m a l  e n t e r s  
a h o t  e n v i r o n m e n t ,  w h e r e  a d a n g e r  of o v e r h e a t i n g  
t h r e a t e n s .  T h e r m o t h y r i n  B,  on  t h e  o t h e r  h a n d ,  is f o u n d  
c o n t i n u o u s l y  in t h e  b lood  in t he  s u m m e r ,  t h e  w a r m  
season ,  in  sp i t e  of s l i gh t  c h a n g e s  in t h e  t e m p e r a t u r e .  

MANSFELD'S i n v e s t i g a t i o n s  h a v e  a t t r a c t e d  v e r y  l i t t l e  
a t t e n t i o n .  S ince  in o u r  l a b o r a t o r y  t h e  p h y s i o l o g y  of  
t e m p e r a t u r e  r e g u l a t i o n  in  a n i m a l s  h a s  b e e n  u n d e r  con-  
t i n u o u s  i n v e s t i g a t i o n ,  one  of t h e  a u t h o r s ,  SUOMALAINEN, 
has  also d i r e c t e d  s t u d y  to  t h e  t h e r m o t h y r i n s .  W i t h  
careflf i  r e p e t i t i o n  of MANSFELB'S m e t h o d s  of c h e m i c a l  
i so la t ion  a n d  phys io log ica l  d e t e r m i n a t i o n ,  t h e  e x i s t e n c e  
in  v a r i o u s  e x p e r i m e n t a l  a n i m a l s  of f a c t o r s  w i t h  a s i m i l a r  
phys io log ica l  e f fec t  h a s  b e e n  d e m o n s t r a t e d  in  t h i s  
l a b o r a t o r y .  I n  t h e  b lood  of d i f f e r e n t  e x p e r i m e n t a l  
a n i m a l s  k e p t  in w a r m t h  a f a c t o r  ha s  been  f o u n d  w h i c h  
r e t a r d s  m e t a b o l i c  a c t i v i t y  ( t h e r m o t h y r i n  A) .  In  t h e  
s u m m e r ,  on  t he  o t h e r  h a n d .  a f a c t o r  w i t h  s i m i l a r  e f fec t  
( t h e r m o t h y r i n  B) is f o u n d  c o n t i n u o u s l y  in t h e  b lood  of 
v a r i o u s  m a m m a l s .  T h e s e  i n v e s t i g a t i o n s  wil l  be  dis-  
cussed  in d e t a i l  e l sewhere .  

T h e  t e m p e r a t u r e  r e g u l a t i o n  of  m a n  is p u t  to  a seve re  
t e s t  in t h e  h o t  b a t h .  In  F i n l a n d  t h e  s t e a m - b a t h  is a 
n a t i o n a l  cu s tom.  I t  was  t h e r e f o r e  i n t e r e s t i n g  to  i nves t i -  
ga te  t h e  e x t e n t  to  w h i c h  t h e  s t e a m - b a t h  causes  t h e  
sec re t ion  of t h e r m o t h y r i n  A i n t o  h u m a n  blood.  

A good  F i n n i s h  b a t h  is d r y  a n d  i t s  t e m p e r a t u r e  is 
h igh .  I n  t h i s  k i n d  of s t e a m - b a t h  t h e  sk in  e n d u r e s  a 
t e m p e r a t u r e  of e v e n  80--90~C.  I n  t h e  h e a t  t h e  b o d y  
t e m p e r a t u r e  b e g i n s  s lowly  to  rise. "[his shows  t h a t  t h e  
t e m p e r a t u r e  r e g u l a t i o n  of t h e  b o d y  is n o t  su f f i c i en t  to  
p r e v e n t  o v e r - h e a t i n g  desp i t e  t h e  p ro fuse  swea t ing .  

I n  t h e  e x p e r i m e n t s  r e p o r t e d  here  t h e  e x p e r i m e n t a l  
s u b j e c t s  s p e n t  t h e  d a y  a t  t h e i r  n o r m a l  work .  T h e  b lood  
s a m p l e s  f r o m  w h i c h  t h e  t h e r m o t h y r i n s  were  d e t e r m i n e d  
were  t a k e n  f r o m  each  s u b j e c t  a t  a b o u t  12 o ' c l ock  a n d  
a g a i n  a t  a b o u t  6 p. m.,  t h i s  t i m e  i m m e d i a t e l y  a f t e r  a h o t  
d r y  F i n n i s h  b a t h .  T h e  t e m p e r a t u r e  of t h e  b a t h  a f t e r  t h e  
p r o d u c t i o n  of h e a t  was  70- -85°C,  m e a s u r e d  w i t h  a d r y  
t h e r m o m e t e r  a t  a b o u t  20 c m  a b o v e  t h e  s i t t i n g  b e n c h .  
T h e  e x p e r i m e n t a l  s u b j e c t s  were  in t h e  h e a t  a t  75°C for  
15- -20  m i n u t e s ;  t h u s  t h e i r  t e m p e r a t u r e  r e g u l a t i o n  was  
p u t  t o  a severe  t es t .  

F r o m  e a c h  b lood  s a m p l e  t h e r m o t h y r i n  A a n d  13 were  
d e t e r m i n e d  s e p a r a t e l y .  T h e  t h e r m o t h y r i n  c r y s t a l s  ob-  
t a i n e d  were  d i s so lved  in w a t e r  (1.5 ml). 0-5 ml  of t h e  
a q u e o u s  solf i t ion was  i n j e c t e d  s u b c u t a n e o u s l y  i n t o  t h e  
t h i g h  of a w h i t e  mouse .  T h e  m e t a b o l i s m  of t h e  exper i -  
m e n t a l  m o u s e  was  d e t e r m i n e d  us ing  a m o d i f i c a t i o n  of 
t he  H a l d a n e  a n d  K e n d e i g h  m e t h o d  i m m e d i a t e l y  be fo re  
i n j e c t i o n  a n d  5, 10, 15, 20, a n d  25 h o u r s  a f t e r  t h e  in-  
j ec t ion .  I n  t h e  e x p e r i m e n t s  on  m e t a b o l i s m  t h e  a m o u n t  
of c a r b o n  d iox ide  a n d  w a t e r  e x c r e t e d  b y  t he  m o u s e  dur -  
ing 2 h o u r s  was  d e t e r m i n e d .  F r o m  these  t h e  a m o u n t  of 
o x y g e n  c o n s u m e d  was o b t a i n e d  b y  ca lcu la t ion .  On ly  

1 G. 5IANSFI~LD, Die Hormone der Schilddrase und ihre 1Virkun- 
geJt (Benno Schwabe, Basel 1943); The thyroid hormones and their 
action (Frederick Muller, i,ondon, 1949). 

ma le  mice  were  u sed  in t h e  e x p e r i m e n t s ,  in  o r d e r  to  
p r e v e n t  poss ib le  d i s t u r b a n c e s  in m e t a b o l i s m  due  to  t h e  
s e x u a l  cycle,  w h i c h  w o u l d  a f fec t  t h e  d e t e r m i n a t i o n s .  In  
o rde r  to  a v o i d  a n y  sources  of e r ro r  poss ib ly  c a u s e d  b y  
t he  d i u r n a l  r h y t h m ,  t h e  e x p e r i m e n t s  were  a l w a y s  per-  
f o r m e d  a t  t h e  s a m e  t i m e  of day .  I f  t h e  i n j e c t i o n  c o n t a i n e d  
t h e r m o t h y r i n s ,  m e t a b o l i c  a c t i v i t y  was  g r e a t l y  r e d u c e d  
a n d  g r a d u a l l y  r e s t o r e d  a g a i n  d u r i n g  t h e  ser ies  of 
e x p e r i m e n t s .  

S ince  t he  b lood  s a m p l e s  were  t a k e n  in t h e  ea r ly  
win te r ,  t h e r m o t h y r i n  B was  no  longer  p r e s e n t  in  t h e  
samples .  H o w e v e r ,  a s t r o n g  t h e r m o t h y r i n  A r e a c t i o n  
was o b t a i n e d  f rom t h e  b lood  of all t h e  s u b j e c t s  w h o  h a d  
been  in t h e  s t e a m - b a t h .  T h e  re su l t s  of t h e  e x p e r i m e n t s  
will  in  due  course  be  p u b l i s h e d  e l sewhere ,  w h e n  exper i -  
m e n t s  on  t h e  f u r t h e r  f a t e  of t h e  t h e r m o t h y r i n  s ec r e t ed  
i n t o  t h e  b lood  h a v e  b e e n  c o m p l e t e d .  T h u s  t h e  F i n n i s h  
s t e a m - b a t h  a n d  a p p a r e n t l y  also o t h e r  h o t  b a t h s  cause  
t he  sec re t ion  of t h e r m o t h y r i n  A i n t o  t he  b lood  of t h e  
b a t h e r .  T h e  h o r m o n e  a p p a r e n t l y  ha s  a t e m p o r a r i l y  
dec reas ing  ef fec t  on  m e t a b o l i s m  in m a n  also. I t  is t h u s  
a c o n t r i b u t i n g  f a c t o r  in  t h e  c o n t r o l  of o v e r - h e a t i n g .  

PAAVO SUOMALAINEN a n d  F, EvA-LIISA M.~KIPAJA 

Zoologica l  L a b o r a t o r y ,  He l s ink i  U n i v e r s i t y ,  He l s ink i ,  
F i n l a n d ,  Apr i l  14, 1951. 

Z u s a m m e n [ a s s u n g  

Das  f i nn i s che  H i t z e b a d ,  die s o g e n a n n t e  S a u n a ,  ver-  
u r s a c h t  e ine  S e k r e t i o n  y o n  T h e r m o t h y r i n  A in das  B l u t  
des  B a d e n d e n .  D a s  H o r m o n  w i r k t  o f f e n b a r  a u c h  b e i m  
M e n s c h e n  v o r i i b e r g e h e n d  h e r a b s e t z e n d  au f  d e n  Stoff -  
wechse l  e in  u n d  tr~igt d a d u r c h  se ine r se i t s  zu r  V e r h i i t u n g  
e iner  0 b e r h i t z u n g  bei.  

Effect  of  M e t h y l -  and  P r o p y l t h i o u r a c i l  
on  O v a r i a n  F u n c t i o n  

The  ef fec t  of t h i o u r a c i l  d e r i v a t i v e s  on  t h e  o v a r y  has  
been  i n v e s t i g a t e d  b y  seve ra l  a u t h o r s .  I n  t h e  e x p e r i m e n t s  
of MACKENZIE a n d  MACKENZIE 1 s u l f a p y r i d i n  h a d  no  
ef fec t  on  t h e  o e s t r u s  of ra t s .  WILLIAMS a n d  h i s  co-wor-  
kers  ~ found ,  t h a t  t h e  w e i g h t  of t h e  ova r i e s  dec rea sed  
a f t e r  t h i o u r a c i l  a d m i n i s t r a t i o n ,  b u t  n o  h i s to log ica l  
c h a n g e s  were  o b s e r v e d .  THYSSEN 3 s t a t e d  t h a t  t h i o u r e a  
ha s  no  e f fec t  o n  w e i g h t  or  h i s to log ica l  s t r u c t u r e  of t h e  
o v a r y  a n d  u t e ru s .  O n  t h e  o t h e r  h a n d ,  PAWIK 4 o b s e r v e d  
t h e  ce s sa t i on  of oe s t ru s  in  mice  t r e a t e d  w i t h  th iou rac i l .  
KOPF, MEYER a n d  LOESER 6 r e p o r t e d  t h a t  t h i o u r a c i l  
a d m i n i s t r a t i o n  is fo l lowed in  r a t s  b y  a dec rease  of t h e  
n u m b e r  of t h e  foll icles a n d  m a r k e d  t u t e i n i z a t i o n .  

R e g a r d i n g  t h e  d i v e r g i n g  d a t a  a n d  t h e  f ac t  t h a t  t h e  
m e c h a n i s m  of t h e  a c t i o n  of t he se  d r u g s  h a s  n o t  y e t  been  
e x a m i n e d ,  t h e  p r o b l e m  s e e m e d  w o r t h  f u r t h e r  i nves t i -  
ga t ions .  F i r s t  of al l  t h e  e f fec t  of t h i o u r a c i l  on  t h e  normal  
oestrus cycle of r a t s  was  e x a m i n e d .  T h e  v a g i n a l  s m e a r s  
of two  g r o u p s  of r a t s  e a c h  c o n s i s t i n g  of 15 a n i m a l s  were  
o b s e r v e d  for  one  m o n t h .  ( Y o u n g  r a t s  w e i g h i n g  a b o u t  
200 g were  selected.)  F r o m  b o t h  g r o u p s  10 r a t s  w i t h  a 
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r egu la r  cycle  were  s e p a r a t e d .  I n  t h e  f i r s t  g r o u p  e a c h  
a n i m a l  was  g i v e n  0.10 g m e t h y l t h i o u r a c i l  pe r  1000 g 
b o d y  w e i g h t  da i l y  pe r  os. I n  t h e  o t h e r  g r o u p  t h e  s a m e  dose 
of p r o p y l t h i o u r a c i l  was  a d m i n i s t e r e d .  T r e a t m e n t  was  
c o n t i n u e d  for  two  m o n t h s  a n d  v a g i n a l  s m e a r s  were  ob-  
s e r v e d  dai ly .  

Table I 
(Methylthiouracil) 

l Number of oestrus-days 

Aninml No. During thiouracil 
Preceding treatment administration 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Average: 

8 
8 
8 

I0 
7 

10 
7 
8 
7 
7 

10 

8-2 2"2 

Table I i l  

Number of oestrus-days 

Animal No. Preceding After thyroid- After operation 
treatment ectomy alone during thiouracil 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Average: 

7 
8 
9 
8 

10 
8 
7 
7 
8 
9 

8"0 

7 
2 
6 
6 
6 

I 9 
8 
7 
7 
9 

6-7 0.1 

The average oestrus-days of thyroidectomized untreated controls 
was during the same period 7.2. 

be  seen  f r o m  t a b l e  I I I  p r a c t i c a l l y  no  o e s t ru s  was  o b s e rv -  
ed a f t e r  t h e  a d m i n i s t r a t i o n  of t h i o u r a c i l  in  t h e  t h y r o i d -  
e c t o m i z e d  ra t s ,  whi le  t h a t  of t h e  con t ro l s  r e m a i n e d  
u n c h a n g e d .  

T h e  r e su l t s  are  s h o w n  in t a b l e  I a n d  I I .  As m a y  be  
seen,  t h e  n u m b e r  of o e s t r u s - d a y s  h a s  been  m a r k e d l y  
r e d u c e d  in b o t h  g roups ,  T h e  d i f fe rences  are  s t a t i s t i c a l l y  
s ign i f i can t .  I t  m u s t  be  n o t e d  t h a t  e v e n  a f t e r  e i g h t  weeks  
t r e a t m e n t  o e s t r u s  was n o t  i n h i b i t e d  c o m p l e t e l y .  

Table II  
(Propylthiouracil) 

Number of oestrus-days 

During thiouracit 
AnimalNo. Preceding treatment administration 

1 
2 
3 
4 
5 
6 
7 
8 
9 

lO 
11 

Average: 

10 
7 
7 
7 
7 
7 
9 
9 
8 
8 

10 

8.1 2.2 

T h e  h i s to log ica l  p i c t u r e  of t h e  o v a r i e s  was  c h a r a c t e r -  
ist ic.  T h e y  r e v e a l e d  an  i n c r e a s e d  l u t e i n i z a t i o n  a n d  a 
g r e a t  dec rea se  in t h e  n u m b e r  a n d  size of t h e  foll icles;  
ova r i e s  of some  a n i m a l s  were  m a d e  u p  of  c o r p o r a  l u t e a  
o n l y  (fig.). T h e  t h y r o i d  of t h e  a n i m a l s  shows  t h e  well- 
k n o w n  p i c t u r e  r e s u l t i n g  f r o m  t h i o u r a c i l  t r e a t m e n t  1. 

T h e  s a m e  e x p e r i m e n t  was  c a r r i e d  o u t  on  thyroid- 
ectomized animals.  T h e  a v e r a g e  o e s t r u s - d a y s  d u r i n g  
one  m o n t h  in  13 n o r m a l  r a t s  was  8-0. A f t e r  r e m o v a l  of 
t he  t h y r o i d  g l a n d  t he  o e s t r u s - d a y s  a v e r a g e d  6"7. As m a y  

t [. DONIACtt and E, P, SHARPEY-SCnAFER, J. Endocrin. 5, 131 
(1'047). 

T h e  ova r i e s  e x h i b i t e d  t h e  s a m e  h i s to log i ca l  c h a n g e s  
as f o u n d  in t h i o u r a c i l - t r e a t e d  n o r m a l  ra ts .  

A p p a r e n t l y ,  t h i o u r a c i l  i n h i b i t s  o e s t r u s  a n d  s t i m u l a t e s  
l u t e i n i z a t i o n .  T h e s e  e f fec ts  are  e v e n  more  c o n s p i c u o u s  
in t h y r o i d e c t o m i z e d  an ima l s .  V a r i a t i o n  in t h y r o i d  
f u n c t i o n  m a y  a c c o u n t  for t h e  d i v e r g i n g  d a t a  of v a r i o u s  

a u t h o r s .  F.F.. SZONT.~GH a n d  G. LICHNER 

D e p a r t m e n t s  of O b s t e t r i c s  a n d  G y n a e c o l o g y  a n d  of 
P h a r m a c o l o g y ,  U n i v e r s i t y  of P6cs,  H u n g a r y ,  M a r c h  10, 
1951. 

Zusammen]assung  

D u r c h  M e t h y l - u n d  P r o p y l t h i o u r a z i l b e h a n d l u n g  wi rd  
d e r  O s t r u s  y o n  n o r m a l e n  j u n g e n  R a t t e n w e i b c h e n  r edu -  
zier t ,  d e r  y o n  sch i ldd r / J sen losen  T i e r e n  a b e r  a u f g e h o b e n .  
Das  h i s to log i sche  Bi ld  d e r  O v a r i e n  ze ig te  in b e i d e n  
G r u p p e n  e ine  s t a r k e  L u t e i n i s i e r u n g  u n d  V e r m i n d e r u n g  
d e r  Fo l l ike lzah l .  

D e r  E i n f l u B  v o n  S e r u m f a k t o r  u n d  H e r z m u s k e l -  
e x t r a k t  ( R e c o s e n )  a u f  d i e  T ~ i t i g k e i t  d e s  ~, V e n e n -  

h e r z e n s  ~> (Chiroph'ra) 

I m  Z u s a m m e n h a n g  m i t  U n t e r s u c h u n g e n  t iber  die 
W i r k u n g  de r  n a t i i r l i c h e n  Reize  au f  die i so l ie r te  F lug-  
h a u t v e n e  d e r  F l e d e r m / i u s e  u n d  F l e d e r h u n d e  (Chiroptera) 
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