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ant to mercuric ions was much greater among 
penicillin-resistant strains than in penicillin- 
sensitive strains. 
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Localization of the Site of Action of Triamterene Diuretic." (28356) 

G. M. BALL AND J. A. GREENE, JR. (Introduced by W. S. Wilde) 
Department of Physiology, University of Michigan Medical School, Ann Arbor 

The pteridine compound triamterene has 
been reported to cause a sodium diuresis in 
rats, dogs( 1) and man( 2,3,4). The drug not 
only antagonizes the sodium retaining effect 
of 9~ fluoro hydrocortisone and dl aldosterone 
(2,3), but also produces a sodium diuresis in 
adrenalectomized rats and dogs ( 1,4), pre- 
sumably exerting its effect directly on the 
renal tubule by interfering with sodium re- 
absorption. The following studies were done 
to localize the site of action in the kidney 
of this agent using the stop flow method(5, 
6 )  - 

Materials and methods. Eleven dogs weigh- 
ing between 11-20 kg, anesthetized with pen- 
tobarbital 30 mg/kg body wt., were infused 
into the jugular vein at  a rate of 10 ml/min 

* This investigation was supported in part by Pub- 
lic Health Service Research grant from Nat. Inst. of 
Arthritis and Metab. Dis., and in part by Life In- 
surance Medical Research Fund. 

with the following: mannitol, 20 g/100 ml; 
NaCl, 0.4 g/100 ml; and creatinine, 0.12 
g/lOO ml, all dissolved in Ringer's solution. 
The left ureter was exposed through a flank 
incision and urine collected from a polyethy- 
lene catheter pushed into the renal pelvis 
and tied securely in place. Eight minute 
ureteral occlusions were used. Mean aortic 
pressure was measured with a mercury ma- 
nometer. Triamterenet dosage consisted of a 
single i.v. injection of 3 mg/kg body wt. fol- 
lowed by a sustaining infusion of 3 mg/kg 
body wt/hr incorporated into the mannitol 
infusion. 

In 4 dogs a control occlusion was done just 
before drug administration and a second oc- 
clusion was done 45 minutes after the tri- 
amterene infusion was initiated. In 7 dogs 
an initial occlusion was done after 30 min- 
utes of drug administration and was followed 

t Supplied by Smith Kline and French Laboratories. 
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FIG. 1. Effect of triamterene on the stop flow 
Na pattern, Note elevation of Na minimum value 
from 6.5 meq/l to 15 meq/l with no corresponding 
change in free flow urine Na concentration or 
proximal tubular urine Na concentration. 

FIG. 2. Distal sodium minimum concentration 
is increased 45 min after triamterene administra- 
tion. 

FIG. 3. Effect of elevation of serum Na concen- 
tration on the stop flow minimum Na concentration 
in dogs treated with triamterene. 

by one to 3 successive occlusions each pre- 
ceded by rapid intravenous administration of 
80 to 120 ml 5% NaCl. Urine for 5 minute 
clearance was collected before each ureteral 
occlusion. Blood was taken a t  the midpoint 
of each clearance and at  the midpoint of each 

stop flow ureteral occlusion. Sodium was de- 
termined by a Beckman direct reading flame 
photometer and creatinine was determined by 
the method of Bonsnes and Taussky (7). 

Results. In 4 dogs in which 8 minute stop 
flow ureteral occlusions were done before and 
45 minutes after triamterene was adminis- 
tered intravenously, there was an increase in 
the distal Na minimum concentration after 
drug. Fig. 1 shows the stop flow Na pattern 
before and 45 minutes after giving triamter- 
ene. Fig. 2 summarizes the sodium minimum 
data from the 4 experiments. Elevation in 
sodium minimum concentration averaged 5.5 
meq/l urine with a range of 3.5 meq/l to 
8.5 meq/l. There was no consistent change 
in the free flow urine Na  concentration in 
these 4 experiments. Creatinine clearance 
also was unchanged. Mean aortic pressure 
remained constant. 

When the serum Na concentration was 
progressively increased during the sustaining 
infusion of triamterene and successive 8 min- 
ute stop flow ureteral occlusions done, the 
distal Na minimum increased directly with 
serum Na concentration (Fig. 3). This was 
a significant increase and a consistent find- 
ing in all 7 dogs. The free flow urine sodium 
concentration also increased directly with se- 
rum Na concentration. Creatinine clearances 
showed small and inconsistent variations. 
Mean aortic pressure remained unchanged 
for any one experiment. The finding of in- 
creased Na minimum with increase in serum 
Na concentration during triamterene infu- 
sion is in contrast to the stability of the Na 
minimum concentration in untreated dogs 
when the serum Na is increased( 8). 

Discussion. These studies agree with those 
showing that the pteridine compound triam- 
terene is capable of producing natriuresis ( 1, 
2,3). It has been suggested that this com- 
pound has a direct effect on the distal tu- 
bule(3) where it antagonizes the action of 
aldosterone. The results presented here indi- 
cate that triamterene acted to increase Na 
minimum concentration. Elevation of Na 
minimum concentration during stop flow is 
evidence of a decreased ability of the distal 
tubule to reabsorb sodium. These studies 
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provide evidence to support the hypothesis 
that triamterene acts in the distal tubule to 
reduce Na reabsorption. While this drug acts 
in the same area of the tubule as aldosterone 
and causes effects on sodium reabsorption op- 
posite to those attributed to aldosterone( 9 ) ,  
competitive inhibition cannot be inferred. 
The fact that triamterene causes a natriure- 
sis in adrenalectomized rats and dogs indi- 
cates that the drug acts by other mecha- 
nisms than aldosterone antagonism. 

There were no consistent changes in urine 
flow rate, free flow urine Na concentration, 
and proximal urine Na concentration in 4 
experiments where stop flow studies were 
done before and after triamterene. While 
proximal tubular events are not as easily as- 
sessed by the stop flow method(6), there is 
no evidence to support the idea of a proxi- 
mal tubular action of the drug. 

Summary. The pteridine compound tri- 
amterene was studied in l l  dogs using the 
stop flow method. These data support the 
hypothesis that the site of action of triamter- 
ene is the distal tubule of the kidney and 
that triamterene produces its natriuretic ef- 
fect by reducing Na reabsorption in this area. 

No evidence was obtained for a proximal 
renal tubular effect. 

The authors wish to thank bt. W. S. Wilde for 
helpful criticism on stop flow and for the use of 
laboratory facilities and grant support in his ab- 
sence. 
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Bradykinin and to Kallidin. (28357) 
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The physiological and pharmacological ac- 
tions in experimental animals of synthetic or 
of naturally occurring bradykinin have been 
reviewed recently ( 1,2,3,4). Among the ac- 
tions of bradykinin are transient vasodilata- 
tion of peripheral and coronary arteries, 
transient hypotension, increased capillary 
permeability, induction of edema, migration 
of leukocytes, production of pain after topi- 
cal application to the base of a blister or 
after intra-arterial injection, bronchocon- 
striction in certain animal species, and stimu- 
lation or relaxation of excised gastrointesti- 
nal or uterine muscles. 

Four of these actions (transient hypoten- 
sion, coronary dilatation, increased capillary 
permeability, stimulation of excised uteri) 
provided the basis for comparing the actions 
of 9 synthetic analogues of bradykinin and 
one of kallidin. 

Materials. Bradykinin and the 10 ana- 
logues were synthesized by members of our 
Organic Chemistry Section. Preliminary re- 
ports on the syntheses of these peptides as 
well as on their stimulant activities on ex- 
cised rat uteri have appeared recently (5-9). 
The 10 peptides related to bradykinin or to 
kallidin were 1-citrulline bradykinin (5,6,8), 




