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Weight, succinic acid dehydrogenase, and SH-group concentration of the thyroid glands after single injection of 15 IU of thyro- 
trophic hormone 

Thyroid gland 

h after Number of Body weight Weight Succinic SH-groups 
injection animals g mg dehydrogenase a 1O -5 moles]g 

Mean S.D. Mean S.D. Mean S.D. pb Mean S.D. pb 

0 8 280 25.4 16.9 2.92 171 48.2 1.58 0.168 
1 8 286 25.5 17.9 1.78 198 62.5 > 0.05 1.56 0.158 > 0.05 
12 8 283 18.9 17.4 2.17 211 65.6 > 0,05 1.74 0.218 ~> 0.05 
4 8 ~280 48.6 15.8 4.83 265 94.3 ~ 0.01 1.90 0.304 ~ 0.05 
6 8 284 30.9 16.6 1.84 262 91.4 <~ 0.05 1.90 0.202 -~ 0.01 
8 8 287 02.7 18.0 1.67 232 58.6 <~ 0.05 1.95 0.~21 ,~ 0.001 

12 8 286 54.0 16.8 3.30 178 54.7 > 0.05 1.80 0.245 -~ 0.05 
16 8 279 45.5 18.3 3.'20 140 20.3 ~> 0.05 1.70 0.283 >- 0.05 

a tLg of reduced tetrazolium salt/100 mg of fresh weight. 
b p value compared with controls. 

SH-groups  is slower, r each ing  its m a x i m u m  in 8 h. The  
drop  is also slower. The difference f rom the  cont ro l  level 
is still s ignif icant  12 h a f t e r  the  inject ion,  b u t  no longer  
af ter  16 h. These resul ts  are also p lo t t ed  in t he  graph.  No 
s ta t is t ica l ly  s ignif icant  differences can be d e m o n s t r a t e d  in 
the  weight  of the  t hy ro id  in t he  d i f fe rent  groups.  

I t  has  been  es tab l i shed  in r ecen t  long- t e rm expe r imen t s  
t h a t  succinic acid dehyd rogenase  ac t iv i ty  is a sensi t ive 
indica tor  of t h y r o i d  ac t iv i ty  ~. Succinic acid dehydrogen-  
ase par t i c ipa tes  in the  ox ida t ive  processes  of the  cell as an  
enzyme associa ted wi th  t he  cycle of Krebs .  On the  o t h e r  
hand ,  i t  has  been  shown t h a t  T S H  increases  the  oxygen  
consumpt ion  of t h y r o id  cells 1~. The succinic acid de- 
hydrogenase  c o n c e n t r a t i on  is t hus  i l lus t ra t ive  of t he  effect  
of T S H  on the  ox ida t ive  me tabo l i sm  of t he  t h y r o i d  cell. 

A correla t ion has  been  s t a t ed  b e t w e e n  SH-groups  and  
the  percentage  of ep i the l ium of t he  t hy ro id  s . This,  in 
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Changes in thyroid succinic acid dehydrogenase and SH-group con- 

centration of the rat after single injection of TSH. 

tu rn ,  gives a reliable p ic ture  of t he  func t ion  of t h y r o i d  
cells is. 

B o t h  the  succinic acid dehyd rogenase  and  the  SH-  
groups  are t hus  good indica tors  of t he  ac t iv i ty  of t hy ro id  
cells. The m e t h o d s  in t roduced  earlier  for the  measur ing  of 
acu te  changes  of t h y r o i d  funct ion2,  6-~ are laborious or 
d e m a n d  special  appa ra tus .  The  resul ts  ob ta ined  in the  
p r e s e n t  work  show t h a t  i t  is possible  to  measure  t he  
T S H - i n d u c e d  change  in the  ac t iv i ty  of t h y r o i d  cells by  
the  re la t ive ly  s imple  m e t h o d s  of de t e rmin ing  succinic acid 
dehydrogenase  and  SH-groups .  I t  is sugges ted  t h a t  these  
m e t h o d s  could be  used  genera l ly  for t h e  d e t e r m i n a t i o n  of 
t hy ro id  func t ion  in acute  e x p e r i m e n t a l  condi t ions .  

Zusammen/assung. Es  wurde  die W i r k u n g  einer  T S H -  
In j ek t i on  auf  den  Gehal t  der  Berns te ins i iu redehydroge-  
nase  und  der  S H - G r u p p e n  in der  Schilddri ise der  R a t t e  
un te r such t .  4 h nach  der  In j ek t ion  yon  T S H  erfolgte ein 
s igni f ikanter  Ans t ieg  der  Berns te ins~uredehydrogenase  
und  SH-Gruppen .  Die Methode  ist  desha lb  zur  Un te r -  
suchung  der  Schilddrfisenaktivi t~. t  im kurzf r i s t igen  Ver-  
such  geeignet .  
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A n  E x t r a r e n a l  Effect  of  H y d r o c h l o r o t h i a z i d e  

Chlorothiazide and  i ts  analogues,  well known  for the i r  
saluret ic  effect, have  been  repor ted  to  decrease the  u r ina ry  
vo lume in pa t i en t s  wi th  Diabetes insipidus z-a. This effect  
has  also been  demons t r a t ed  in exper imenta l  animals4, 5. 
No sa t i s fac tory  explana t ion  of the  an t id iure t ic  ac t ion has  
been given, a l though some authors  have  po in ted  to  a renal  

m e c h a n i s m  2, 6. R e c e n t l y  an ind i rec t  effect  of chlorothia-  
zide has  been  suggested,  viz. a t t e n u a t i o n  of t h i r s t  t h rough  
sod ium dep le t ionL  A l t h o u g h  the  m e c h a n i s m  of t h i r s t  is 
no t  ye t  f inal ly es tabl ished,  some evidence  is avai lable  for 
an osmot ic -sens i t ive  region in t he  h y p o t h a l a m u s  s, 3. Acti-  
va t ion  of th is  area  p r e s u m a b l y  depends  on sod ium move-  
m e n t  across t h e  cell m e m b r a n e  and  the re fore  m a y  be 
modif ied  b y  drugs  which  impede  sod ium t r anspor t .  To 
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t e s t  t h i s  poss ibi l i ty ,  i t  s eemed  p ro f i t ab le  to  s t u d y  t h e  
effect  of h y d r o c h l o r o t h i a z i d e  on  w a t e r - i n t a k e  in neph rec -  
t omized  an imals ,  as here  r e n a l  effects  of t h e  d rug  are 
e l imina ted .  F u r t h e r m o r e ,  ERBE a n d  WELLER h a v e  re-  
c e n t l y  r e p o r t e d  t h a t  no  c h a n g e  occurs  in  p l a s m a  electro-  
ly tes  fol lowing a d m i n i s t r a t i o n  of ch lo ro th i az ide  to 
n e p h r e c t o m i z e d  r a t s  a n d  dogs ~°, a l t h o u g h  BEAVERS has  
p rev ious ly  s h o w n  a n  a l t e r a t i o n  in  p l a s m a  p o t a s s i u m  a n d  
s o d i u m  in  n e p h r e c t o m i z e d  dogs xx. 

Materials and Methods. Male r a t s  (180-250 g) of H U  
s t r a i n  were  b i l a t e r a l l y  n e p h r e c t o m i z e d  u n d e r  e t h e r  anaes -  
thes ia ,  accord ing  to  t h e  m e t h o d  descr ibed  b y  MARKOWlTZ 
e t  al.  ~*. H y d r o c h l o r o t h i a z i d e  was in j ec t ed  s.c. ; t h e  con t ro l  
g r o u p  was g iven  a n  e q u a l  v o l u m e  of t h e  s o l ven t  a lone  
(NaHCO~ 1 ~/).  E a c h  e x p e r i m e n t a l  g roup  cons is ted  of 4 - 6  
ra t s .  W a t e r  i n t a k e  f r o m  a g r a d u a t e d  b o t t l e  was  de te r -  
m i n e d  e v e r y  8 h.  To a v o i d  w a t e r  loss a glass t u b e  was  
f i t t ed  to  t h e  b o t t l e  a n d  t h e  w a t e r  was  sucked  b y  t h e  ra ts .  
P r e l i m i n a r y  e x p e r i m e n t s  h a v e  s h o w n  t h a t  on  t h e  usua l  
d i e t  t h e  r a t s  s u r v i v e d  n e p h r e c t o m y  for  4 - 6  days .  R es u l t s  
were  e v a l u a t e d  o n l y  for  t h e  f i r s t  2 days ,  exc lud ing  t h e  
in i t i a l  8 h fol lowing ope ra t ion ,  in  o rde r  to  avo id  possible  
effects  of a n a e s t h e s i a  a n d  of t he  s t ress  of ope ra t ion .  

Results and Discussion. T h e  a d m i n i s t r a t i o n  of h y d r o -  
ch lo ro th i az ide  (10 mg/kg)  c o n s i s t e n t l y  dec reased  w a t e r  
i n t a k e  in  t h e  n e p h r e c t o m i z e d  fed ra ts .  I n  t h e  c o m b i n e d  
resu l t s  of 4 expe r imen t s ,  h y d r o c h l o r o t h i a z i d e  lowered 
w a t e r  i n t a k e  to  6 7 %  ± 13 of cont ro l .  S h a m  o p e r a t e d  
r a t s  d id  n o t  d i f fer  f rom t h e  cont ro l .  S u b c u t a n e o u s  ad -  
m i n i s t r a t i o n  of  h y p e r t o n i c  s o d i u m  chlor ide  so lu t ion  
(5 m l / k g  of a 3% solut ion)  cons i de r ab l y  inc reased  w a t e r  
in t ake ,  to  160% of con t ro l s  (F igure  1). T h e  su rp lus  in  
w a t e r  i n t a k e  was  abo l i shed  a f t e r  i n j ec t i on  of h y d r o c h l o r o -  
th iaz ide  (Figure  1). 

I f  t h e  n e p h r e c t o m i z e d  r a t s  were  s t a rved ,  i n j ec t ion  of 
h y d r o c h l o r o t h i a z i d e  caused  a n  increase  of w a t e r  i n t a k e  
(Figure  2). I t  is well  k n o w n  t h a t  in  s t a r v e d  an i m a l s  w a t e r  
i n t a k e  is depressed  O, xa. If,  however ,  s t a rved ,  n e p h r e e t o -  
mized  r a t s  were i n j ec t ed  s.c. w i t h  h y p e r t o n i c  so lu t ions  of 
s o d i u m  chlor ide  to  s t i m u l a t e  t h e i r  s ensa t i on  of t h i r s t ,  
a d m i n i s t r a t i o n  of h y d r o c h l o r o t h i a z i d e  d i m i n i s h e d  w a t e r  
c o n s u m p t i o n  c o n s i d e r a b l y  (Figure  2). 

T h e  p r e s e n t  resu l t s  d e m o n s t r a t e  t h a t  h y d r o c h l o r o t h i a -  
zide can  decrease  w a t e r  i n t a k e  in t he  n e p h r e c t o m i z e d  ra t ,  
a n  u n e x p l a i n e d  excep t ion  b e i n g  u n d e r  s t a r v a t i o n  of t he  
o p e r a t e d  an imals .  The  rise in  w a t e r  c o n s u m p t i o n  i n d u c e d  
b y  h y d r o c h l o r o t h i a z i d e  u n d e r  s t a r v a t i o n  m a y  be  due  to  
inc reased  w a t e r  loss f rom t he  in tes t ine ,  a l t h o u g h  t h i s  fac- 
t o r  ha s  n o t  b e e n  q u a n t i t a t i v e l y  d e t e r m i n e d .  W h e n  t h e  
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Fig. 1. Effect of hydrochlorothiazide on polydipsia induced by 
hypertonic NaCL Control = nephrectomized rats; NaC1 3% = ne- 
phrectomized rats injected s.c. with 5 ml/kg of 3% NaC1. NaC1 
3% + HC = as before with addition of hydrochlorothiazide 10mg/kg 
s.c. Results expressed as ratio of water intake of treated animals to 

that of control animals. 

u rge  to  d r i n k  is increased ,  e i t h e r  b y  food i n t a k e  or  b y  
h y p e r t o n i c  NaCI i n j ec t ed  s.c., t h e  d rug  i nh ib i t s  w a t e r  
c o n s u m p t i o n  s ign i f i can t ly  (Figure  1 a n d  2). 
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Fig, 2. Modification of hydrochlorothiazide effect on water intake 
by starvation and hypertonie NaCL Control = nephrectomized rats 
treated as denoted below columns of each experiment, NaC1 3%, 
NaC1 25%--injection of 5 ml/kg s.c. of the respective solutions. 
HC ~ nephrectomized rats treated in each experiment as the control 
and in addition hydrochlorothiazide 10 mg]kg s.c, Results expressed 

as in Figure 1. 

Since t he  effect  of h y d r o c h l o r o t h i a z i d e  on  d r i n k i n g  h a s  
been  p r e s e n t l y  s h o w n  in  t he  absence  of k idneys ,  i t  is p r o b -  
a b l y  no t  due  to  s a l t  dep le t ion ,  w h i c h  is t he  m e c h a n i s m  
sugges ted  b y  GOODMAN a n d  CARTER in p a t i e n t s  w i t h  
Diabetes insipidus% As m e n t i o n e d  above ,  ERBE a n d  
WELLER h a v e  n o t  found  a n y  c h a n g e  in t he  c o n c e n t r a t i o n  
of e lec t ro ly tes  in  p l a s m a  fol lowing ch lo ro th iaz ide  in 
n e p h r e c t o m i z e d  r a t s  ~0. The re fo re  i t  is sugges ted  t h a t  
h y d r o c h l o r o t h i a z i d e  decreases  w a t e r  i n t a k e  t h r o u g h  a 
change  in p e r m e a b i l i t y  of t h e  cells i nvo lved  in the  regula-  
t i on  of th i r s t .  T h e  u n e x p l a i n e d  rise in  w a t e r  c o n s u m p t i o n  
induced  b y  h y d r o c h l o r o t h i a z i d e  u n d e r  s t a r v a t i o n  is now 
be ing  f u r t h e r  s tudiedl~ .  

Rdsumd, L ' h y d r o c h l o r o t h i a z i d e  d i m i n u e  la  consom-  
m a r i o n  d ' eau  chez  des  r a t s  n6phrec tomis6s  n o r m a l e m e n t  
a l imen t6s  ou b i en  a y a n t  requ p a r  i n j ec t i on  du  sel h y p e r -  
ton ique .  
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