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Natriuretic Potency of Hydrochlorothiazide x 
in Humans  

Due  to m a r k e d  species differences,  t h e  t h e r a p e u t i c  ef- 
fec t iveness  ot new d iu re t i c  a g e n t s  c a n  be  e s t i m a t e d  b y  
cl inical  t r i a l  only.  To  e l i m i n a t e  s u b j e c t i v e  e r ro rs  m e t h o d s  
for  h u m a n  b ioas say  h a v e  been  deve loped  us ing  a d iu re t i c  
of k n o w n  p o t e n c y  as a re fe rence  a n d  b o d y  we igh t  de-  
crease  in  24 h 2 or  increase  in da i l y  s o d i u m  exc re t ion  as 
a n  i ndex  of d iu re t i c  p o t e n c y  ~. I f  t he  dose of ch lo ro th iaz -  
ide ~, a n o n  mercu r i a l  d iu re t i c  5 is p l o t t e d  on  a l oga r i t hmic  
scale, a s t r a i g h t  dose- response  c u r v e  is o b t a i n e d  f rom 500 
to  2000 mga.  R e c e n t l y  a new d iu re t i c  su l fonamide  w i t h  
s imi la r  s t r u c t u r e  6 h y d r o c h l o r o t h i a z i d e ,  ha s  become  avai l -  
able .  Acu te  e x p e r i m e n t s  in  dogs a n d  r a t s  h a v e  s h o w n  i t  
to  be  4 to  16 t imes  as p o t e n t  as ch lo ro th iaz ide% Pre l im in -  
a r y  to cl inical  t r ia l s  i t  was  necessa ry  to  e s t ab l i sh  t h e  
p o t e n c y  of t h i s  new d rug  in h u m a n s .  
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Dose-response curves for hydrochlorothiazide (Her)  and chloro- 
thiazide (CT) in humans (mean and standard deviation) 

Ten  p a t i e n t s  suf fe r ing  f rom mi ld  r i g h t  v e n t r i e u l a r  
fa i lure  due  to  h y p e r t e n s i v e  or  c o r o n a r y  h e a r t  disease,  
who  needed  a t  l eas t  i n t e r m i t t e n t  d iu re t i c  t h e r a p y ,  were  
p u t  on  a d ie t  w i t h  a c o n s t a n t  sod ium i n t a k e  b e t w e e n  80 
a n d  110 m E q / d a y .  S o d i u m  exc re t ion  d u r i n g  t h e  con t ro l  
pe r iod  v a r i e d  b e t w e e n  70 a n d  105 m E q / d a y  a v e r a g e i n g  
97 m E q / 2 4  h. A t  3 to  5 d a y  i n t e rva l s  these  p a t i e n t s  re-  
ce ived  single doses of 25 (9 = n u m b e r  of assays) ,  50 (9), 
75 (9), 100 (5), a n d  150 (5) m g  of h y d r o c h l o r o t h i a z i d e  or  
500 (5), 1000 (5), a n d  2000 (5) m g  of ch lo ro th i az ide  a t  
7 a .m.  24-h u r ines  were col lected a n d  sod ium exc re t i on  
d e t e r m i n e d  b y  f l ame  p h o t o m e t r y .  N a t r i u r e t i c  p o t e n c y  
was e s t i m a t e d  b y  s u b t r a c t i n g  t h e  ave rage  da i ly  s o d i u m  
exc re t ion  (97 m E q / d a y )  f rom t he  i n d i v i d u a l  responses .  

T h e  ave rage  i n c r e m e n t  in  s o d i u m  exc re t i on  (mean  a n d  
s t a n d a r d  dev i a t i on )  a t  d i f f e ren t  dose levels is s h o w n  in  
t h e  Figure.  I f  t h e  doses are p l o t t ed  on  a l oga r i t hmic  scale 
a s t r a i g h t  dose- response  c u r v e  is o b t a i n e d  b e t w e e n  25 a n d  
75 (or 100) m g  of h y d r o c h l o r o t h i a z i d e  a n d  500 a n d  
2000 m g  of ch lo ro th iaz ide .  75 to  100 m g  of h y d r o e h l o r o -  
t h i a z i d e  induce  a m a x i m a l  response  w h i c h  c a n n o t  be  

t Hydroehlorothiazide is the generic name of a new diuretic 
agent manufactured by CIBA under the trade mark  E S I D R E X .  

T. GnEI.~ER and H. GOLD, J. Amer. reed. Ass. 152, 1130 (1953). 
8 R.V. FORD, J. H. MOVER, and C. L. Seven, Arch. int. Med. Ion, 

582 (1957). 
4 Chlorothiazide is the generic namc of a diuretic agent manufac- 

tured by Merck, Sharp & Dohme under the trade marks CHLO- 
TRIDE, DIURIL and CLOTRIDE. 

R. RICHTERICH, Schweiz. reed. Wschr. 88, 906, 931 (1958). 
s G. DE STEVENS, L . H .  %VERNER, A. HALAMANDARIS and S. 

RICCA, Jm, Exper. 14, 463 (1958). 
To be published. 

f u r t h e r  increased  b y  a d d i t i o n a l  a m o u n t s  of t h e  drug.  For  
ch lo ro th i az ide  t h e  m a x i m a l  r e sponse  ha s  been  s h o w n  to 
occur  w i t h  2000 m g  and,  s imi la r  to  hyd roch lo ro th i az ide ,  
no  f u r t h e r  increase  in na t r iu res i s  was  n o t e d  w i t h  larger  
doses 3. T h e  p o t e n c y  ra t io  of h y d r o c h l o r o t h i a z i d e  to  chloro-  
t h i az ide  as  e v a l u a t e d  g raph ica l ly  (---)  in  t h e  F igu re  is 21. 
Us ing  t he  m e t h o d  of LITCHFIELD a n d  WILCOXON 8 and  
163 m E q  increase  in s o d i u m  exc re t i on  as a 100% re- 
sponse,  i t  c a n  be  s h o w n  t h a t  t h e  p o t e n c y  r a t i o  for  a 
19/20 p r o b a b i l i t y  is 16 w i t h  conf idence  l imi t s  f rom 8 to 
31. A de ta i l ed  r e p o r t  of these  e x p e r i m e n t s  will be pre-  
s e n t e d  elsewhere% 

F r o m  a phys io log ica l  v i e w p o i n t  i t  is i n t e r e s t i ng  t h a t  
t h e  m a x i m a l  response  o b t a i n e d  w i t h  a n y  dose of chloro-  
t h i az ide  a n d  h y d r o c h t o r o t h i a z i d e  is q u a n t i t a t i v e l y  and  
q u a l i t a t i v e l y  (e lec t ro ly te  p a t t e r n  in acu te  e x p e r i m e n t s  in 
h u m a n s  9) iden t i ca l  t h o u g h  h y d r o c h l o r o t h i a z i d e  is a b o u t  
20 t imes  as ac t ive  as ch lo ro th iaz ide .  This  p r o b a b l y  m e a n s  
t h a t  b o t h  d rugs  i n h i b i t  s o d i u m  r e a b s o r p t i o n  a t  t he  same  
s i te  a n d  b y  t he  same  m e c h a n i s m  of ac t ion .  E n z y m a t i c  
conve r s ion  of eh lo ro th i az ide  to h y d r o c h l o r o t h i a z i d e  in 
vivo, s imi la r  to  t h e  h y d r o g e n a t i o n  of some  s te ro id  hor-  
m o n e s  m i g h t  exp la in  t h e  d i s c r e p a n c y  in d iu re t i c  effec- 
t iveness .  

R.  I~ICHTERtCH 

Medizinische Universith'tskIinik, Basel, 7. November 195,% 

Zusammen/assung 
H y d r o c h l o r o t h i a z i d e  x, ein ora l  v e r a b r e i c h b a r e s  Diu-  

r e t i kum,  f i ih r t  be im M e n s c h e n  in Dosen  v o n  25 bis  75 mg  
zu e iner  exponen t l e t l en  Z u n a h m e  de r  N a t r i u m a u s s c h e i -  
dung .  E i n e  m a x i m a l e  Diurese  wird  m i t  75-100  mg 
er re ich t .  Das  neue  P h a r m a k o n  is t  20mal  a k t i v e r  als 
Ch lo ro th i az ide  4 

s j .  T. LITEI-WIELD and F. WILCOXON, J. Pharmacol. exp. Ther. 
96, 99 (1949). 

9 R. RIEHTERICn, b:lin. Wsehr., in preparation. 

Depolarizing Action of K-Strophantine  
and K-Strophantos ide  on Isolated Frog Skin 

I n  p a s t  yea r s  m a n y  a u t h o r s  h a v e  w o r k e d  o n  t he  po ten -  
t ia l  in  i so la ted  frog skin  us ing  va r ious  drugs.  

T h e  ac t ion  on  t h e  skin  p o t e n t i a l  a n d  w a t e r  t r a n s p o r t  
was  s t u d i e d  w i t h  p i t r e s s in  (CAPRARO a n d  BERNINI 1, 
SAWYERZ, CAPRARO and TIENGO~, BRAUN4, KOEFOED- 

JOHNSEN a n d  USSlNGS), e p i n e p h r i n e  (UsSlNG 6, CAPRARO 
and  TIENGO 3, CAPRARO a n d  FRANCESCHINIT), a n d  some 
e n z y m a t i c  i n h i b i t o r s  (i.e. a ce t azo l amide :  FUHRMAN s HUF 
et al.S), a n d  more  r ecen t l y  w i t h  se ro ton in  (PICKLES10), 
Mersalyl ,  a n d  t h e o p h y l t i n e  (HuF et al. s). 

1 V. CAPRARO and G. BERNINI, R. C. Aecad. Lincei C1. Sei. fis. 
mat.  e nat. [8] 11, 385 (1951). 

W. H. SAWYER, Amer. J. Physiol. 164, 44 (1951). 
3 V. CAPRARO and M. TIENGO, Arch. Sci. biol. 36, 308 (1952). 
4 R. BRAUN, Naturwissenschaftcn 39, ~73 (195~). 

V. KOEVOED-JOHNSE~ and H. H. USSlN¢, Acta physiol, scand. 
2s, 60 (1953). 

H. H. USSING, Acta physiol, scand. 19, 1, 194 (1949a); 19, 43 
(1949b). 

7 V. CAPRARO and J. FnANCESCHINI, Exper. S, 142 (1952). 
8 F. A. FUHRMANN, Amer. J. Physiol. 171, 266 (1952). 
9 E. G. HuF, N. S. Doss, and J. P. WILLS, J. gen. Physiol. ~1, 

397 (1957). - E. G. HUF, J. P. WILLS, and F. M. ARRIGtII, J. gen. 
Physiol. 38,867 (I955). - E. G. HuF and J. P. WILLS, J. gen. Physiol. 
36, 473 (1953). 

l0 V. R. PICKLES, J. Physiol. 138, 495 (1957). 
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According  to these authors,  the action of pitressin on 
the  skin po ten t ia l  was not  clear, while the active water 
t r anspor t  seems increased;  epinephrine depolarizes, and 
the  ac t ive  wate r  t ranspor t  is decreased or inverted. 

Fur the rmore ,  the carbonic anhydrase inhibitors and 
serotonin respect ive ly  increase and decrease the poten- 
tial. Mersalyl  and theophyll ine,  in low concentrations, 
s t imula ted  ac t ive  ion t ranspor t  without  leading to chan- 
ges in the  main tenance  of electrolyte  equilibrium. 

F r o m  the  l i terature ,  i t  is well known tha t  the action 
of digital is  drugs is based main ly  on the exchange of K + 
and Na  + th rough  the  cellular membranes  of muscular 
tissue (especial ly of myocardia l  tissue) (RorrtLIH and 
TAESCHLER xl). 

The  present  s t udy  was under taken to determine the 
possible mechan i sm of digitalis drugs in other tissues than 
the  muscular ,  by  tes t ing  first ly the behaviour of frog skin 
potent ia l s  af ter  t r e a t m e n t  wi th  K-Strophant ine  and K- 
St rophantos ide .  
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Fig. t .--In this graph, the values of the potential of frog skin litlder 
normal conditions are reported. On the abscissae the time is shown 
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Method.  All exper iments  were carried out  on R a n t  
esculenta. A por t ion  of dorsal skin was employed for our 
purpose.  The  skin was moun ted  across a perspex chamber, 
which was d iv ided into two sections. The edges were 
c lamped  be tween  the  two sections, separating the fluids 
outs ide and the  inside the  skin from each other. 

Solut ions.  The outs ide ba th ing  solution was represented 
by  a NaC1 solut ion of 6% ; the inside was a normal Ringer 
solut ion for amphib ians  buffered to pH 7-38 with 10°/00 
of S6rensen buffer. The  sections of the chamber was con- 
nec ted  to  electrodes by  agar  bridges. The potentials were 
measured  by  a Met rohm potent iometer  at  different times 
and a t  28°C (the t imes  and the potentials  are reported in 
the  graphs).  

K - S t r o p h a n t i n e  and K-St rophantos ide  were added to 
the inside ba th ing  solution af ter  20 min. 

I n  our  exper iments ,  we used different doses of K-Stro- 
phan t ine  and K-St rophantos ide .  The initial high doses 
(500-100 7/ml) were gradual ly  decreased in order to de- 
t e rmine  the  m i n i m u m  act ive  doses (10 7/ml of K-Stro- 
phan t ine  and 5 7 /ml  of K-Strophantoside) .  

~1 E. ROTaLi~ and M. TAESCHLER, Fortschritte der Kardiologie, 
vol. 1 (S. Karger, Basel-New York 1956), p. 289. 

Results. From the graphs, it can be seen tha t  K-Stro-  
phantinc, in 10 ?/ml concentrat ion,  and K-St rophanto-  
side, in 5 7/ml concentration, lead to an decrease of the 
skin potentials. 
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t"ig. 2.--ln this graph the vahw.~ of imtential after treatnwnt at 
'211 nlin with 5 ~}/llll of K.Slrtlphanto~ide :ire rep,rted. 

I t  is well known that  tile chief catio.n of epithelial cells 
of frog skin is potassium, Outside the epithelial ceils, the 
main cation is sodium, 
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Fig.:L--hl thi.~ graph the values of lmtential after treatment with 
10 ~'[nil (if I{-Strophantine at '2~t rain art, reported. 

I t  is also known that,  when the skin potential  is low 
(e.g. mV 40), approximately  one equivalent  of K+ appears  
at  the epithelial side for each 85 equivalents  of Na+ tha t  
move towards the cotton; in other  words, there is no ap- 
preciable K+--+'-Na+ exchange across tim skin (low K+ 
leakage). When the skin potent ial  is high (e.g, mV 80) 
one equivalent  of K+ apl)ears a t  the epitheli;d side for 
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each  six equ iva len t  of Na  + t h a t  move  t owards  the  corion 
(high K+ leakage) (HuE and  WILLS12).  

Such skin approaches  t he  s i tua t ion  which  prevai ls  in 
nerve,  muscle,  and  red cells in which metabo l ica l ly  cou- 
pled ion m o v e m e n t s  are  d o m i n a t e d  by  a K+ ~ Na+ ex-  
change  across the  cell m e m b r a n e  (HARRIS 13, HODGKIN 
a n d  KEYNES 14, KEYNES and  ADRIAN 15, MAIZELS Ie, SOLO- 
MON 17, STEINBACH 18). 

The  frog skin depolar iza t ion ,  which  can be ob ta ined  
unde r  d i f fe ren ts  condi t ions ,  resul ts  froth an ac t ive  t r ans -  
po r t  of Na  + t h r o u g h  the  skin. We  m u s t  argue,  therefore ,  
t h a t  K - S t r o p h a n t i n e  and  K - S t r o p h a n t o s i d e  ac t  w i th  t he  
same m e c h a n i s m  as o the r  drugs.  Of course,  to  m a i n t a i n  
the  ionic equi l ibr ium,  t he  Na  + e n t r y  m u s t  be c o m p e n s a t e d  
by  an  exi t  of t he  K+ t h r o u g h  cellular m e m b r a n e ,  as oc- 
curs  in the  myocard ia l  cells. Consequen t ly  t he  digitalis  
d rugs  ac t  on the  frog skin po ten t i a l s  by t h e  same mechan -  
ism which  works  a t  the  level of myocard ia l  t issue. I t  
suggests  t h a t  th is  ac t ion  of digital is  d rugs  m u s t  be funda-  
men t a l l y  the  same in all pa r t s  of the  organism.  

H y p o t h e t i c a l l y  one m i g h t  also t h i n k  tha t ,  since the  frog 
skin f rom the  func t iona l  po in t  of v iew is p rac t ica l ly  like 
the  renal  tubulus ,  the  digitalis  drugs  ac t  d i rec t ly  on the  
t ubu l a r  ep i the l ium.  The  hypo thes i s  t h a t  digital is  d rugs  
can ac t  on the  diuresis  m e c h a n i s m  has  a lways  been  re- 
j ec ted  ; on the  basis  of some recen t  results ,  howewer ,  th is  
hypo thes i s  can  be re -accep ted  (FARBER et al. xg). 

I t  is ve ry  difficult ,  on the  basis of our  expe r imen t s ,  to  
conf i rm such  a hypo thes i s ;  b u t  we can ce r ta in ly  say  t h a t  
the  s t r ik ing  depola r iza t ing  ac t ions  of the  K - S t r o p h a n -  
t ine  and  K - S t r o p h a n t o s i d e  can be cor re la ted  to an exi t  
of t he  K + ions and  an  ac t ive  t r a n s p o r t  of Na  + ions t h r o u g h  
the  m e m b r a n e  of the  epi thel ial  cells of frog skin. 

G. AGUGGINI and  V. NOSEDA 

T h e  S p a s m o l y t i c  E f f e c t  o f  P a t u l i n  

Pa tu l in  was  first  i so la ted  f rom f i l t ra tes  of a s t r a in  of 
Penicillium patulum Bainier  and  charac te r ized  b y  BIRKIN- 
SHAW et al. ~. The  subs t ance  has  been  s tud ied  mo s t l y  on 
accoun t  of i ts  bac te r ios ta t i c  effects  b u t  pharmacolog ica l  
d a t a  are ve ry  scanty .  The  LDs0 for mice is a b o u t  25 mgJkg 
b o d y w e i g h t  a f t e r  i n t r a v e n o u s  admin i s t r a t ion .  AMBACHE 
has  s tud ied  the  effect  of d i f fe rent  lac tones  on the  cont rac-  
t ion  of isolated h a m s t e r  colon induced  b y  irin ~. H e  found  
t h a t  pa tu l in  b locked the  effect  of irin on th is  p repara t ion .  
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Fig. 1.--Isolated guinea-pig ileum. Bath volume 3 ml. 
A Before patulin. B With 6-5 ptg patulin per ml bath fluid. 

Acetylcholine: 1 = 0-075 ptg, 2 = 0.15 ~g, and 3 = 0.20 ~tg. 
5-HT: 4 = 5 ~tg, 5 = 10 ~tg, and 6 = 30 ~tg. 
Prostaglandin: 7 = 0"04 units and 8 = 0-2 units 

Institute o/General and Special Physiology o[ Domestic 
Animals and Biological Chemistry, University o] Milan, 
Italy, Ju ly  29, 1958. 

Rdsumd 

Aprgs une  rap ide  revue de la l i t t6ra ture ,  les au teur s  
r e n d e n t  com p te  des r~sul ta ts  de leur  6tude sur  Fac t ion  
d6polar i san te  de la s t r o p h a n t i n e  K e t  du s t r o p h a n t o s i d e  
K sur  la peau  isol6e de la grenouille.  

Les r6sul ta ts  d6mon t ren t ,  selon les auteurs ,  que  la s t ro-  
p h a n t i n e  K et  le s t r o p h a n t o s i d e  K on t  la m~me ac t ion  
sur  les po ten t ie l s  de la peau  de la grenouille que  sur  le 
myocarde .  L ' ac t ion  d6pola r i san te  peu t  ~tre mise en corr6- 
la t ion  avec la sort ie  des K+ions e t  le t r a n s p o r t  ac t i f  des 
Na  + ions duns  la m e m b r a n e  des cellules 6pith6Iiales de la 
peau  de la grenouitle.  

The modi fy ing  effect  of pa tu l in  on the  con t rac t ions  of 
isolated guinea-pig  i leum induced  b y  d i f fe ren t  agen ts  was 
t e s t ed  in a 3 ml  organ  ba th .  The  Tyrode  solut ion was  kep t  
a t  38°C and  ae ra ted  wi th  oxygen.  

A B 

12 E. G. HoE and J. P. WILLS, J. gem Physiol. 36, 473 (1953). 
13 E. J. HARRIS, Syrup. Soc. exp. Biol. 8, 228 (1954). 
14 A. L. HODGKIN and R. D. KEYNES, J. Physiol. 120, 46P (1953). 
is R. D. KEY~ES and R. H. ADRIAN, Disc. Faraday Soc. 21,265 

(1956). 
le M. LAIZELS, Syrup. Soc. exp. Biol. 8, 202 (1954). 
17 A. K. SOLOMON, J. gen. Physiol. 36, 57 (1952). 
is H. B. STEINBACH, Amer. J. Physiol. 167, 284 (1951); Proc. nat. 

Acad. Sci., Wash. 38, 451 (1952). 
19 S. J .  FARBER, J. D. ALEXANDER, E. O. PELLEGRINO, and D. 

P. EARLE, Circulation 4, 378 (1951). 
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Fig. 2.--Isolated guinea-pig ileum. Bath volume 3 ml. 
A Betore patulin. B With 5 ~xg patulin per ml bath fluid. 
Prostaglandin: 1 = 0.04 units; Substance P: 2 = 2 units 

Pa tu l in  a d d e d  to  the  b a t h  fluid in concen t r a t ions  of 
3-10 [xg/ml inh ib i t ed  the  con t rac t ions  induced  b y  nico- 

1 j .  H. BIRKENSHAW, S. E. MICHAEL, A. BRACKEN, and H. RAI- 
STRICK, Lancet e45, 625 (1943). 

2 N. AMBACHE, J. Physiol. 140, 24 P (1958). 


