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The increase in diuresis after administration of theophylline and its preparations is usually explained by an in- 
crease in the glomerular filtration and a decrease in the tubular reabsorption of water and salts [1, 3, 6, 8, etc.].  
According to some investigators, the tubular effect  is also attributable to the fact that xanthine derivatives depress 

Dynamics of Changes in Kidney Function Following Administration of Diaphyllin 

Diuresis (in ml /min)  

Concentration of sodium (in meq/ l i te r )  

Excretion of sodium (in geq/min)  

Concentration of potassium (meq/l i ter)  

Excretion of potassium (in !peq/min ) 

Osmolar concentration (in mosm/l i te r )  
Ratio between osmolar concentrations 

of ur ine/plasma 
Osmolar clearance (in ml /min )  

Intravenous injection of 
I0 ml of 2.4% solution of 
diaphyllin 

before in- I at maximum 

jection I of effect 

0.15 • 0.035 0.30 • 0.023 
P = 0.009 

50 i 1 8  I 140 • 

P = 0.016 

6.45 • I 36.7 • 

P < O.OO1 

80 • 

0.I 

I 23.6 ~:2.9 
0.002 

715 • I06 

57.3 • 

P> 

7.35 • 1.8 
p: 

715 • 123 

2.38 ~ 0.44 
0.27 • 

Hyperosmotie reabsorbtion of water 
(in m l /min )  

Olomerular fil tration (creatinine 
clearance, in ml /min )  

2.36 • 0.16 
0.73 • 

P = 0.003 
I 

0.15 • ] 0.42 • 

Intramuscular injection of 
I mt of 2490 solution of 
diaphyllin 

before in-  /a t  max imum 
! 

jection [o .f e__ffect 

0.13 • • 
P = 0.05 

42 • I 121 • 
P = 0.04 

4 , 4 •  ] 25 • 
P = 0.004 

39.4 • 7.2 60.5 • 7 

P = 0.07 

5.15 I0.9 I 12.5~i2.02 

P : 0.01 

726 • 88 755 ~ 91 

2.3 + 0.28 2.44 • 0.33 
0.27 t0 .026  0.45 • 

P = 0.03 
I 

0.14 • I 0.24 • 

P : 0.09 
1 

33 • ]30 • 29 +1.8 

P = 0.007 

I 4 2 •  
P>O.1  
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Effect of d iaphyl l in  on the diuresis, f i l tration,  e l imina t ion  

of sodium and potassium, and reabsorption of osmot ica l ly  
free water in a dog. A r r o w - m o m e n t  of inject ion of d ia -  

phyll in  ( intramuscularly).  Along the axis of ordinates, 

from top to bottom, on the left: diuresis in m l / m i n  (V), 

sodium concentrat ion in m e q / l i t e r  (UNa), potassium con-  
centrat ion in m e q / l i t e r  (UK), hyperosmotic reabsorption 
of water (in ml/min)(T~,  O~); on the right:  f i l t rat ion as 

creat inine( in  m l / m i n ) ( d ~ ,  excret ion of  sodium (in ~eq /  
min)(UVNa), excret ion of potassium (in # /meq/min)(UVK);  
along the axis of absc i s s a s - t ime  (in min); the continuous 
lines and the dark circles correspond to the indices on the 
ordinate on the left; the broken lines and the unshaded 

circles to the ordinate on the right. 

the act ion of ant idiuret ic  factors on the kidney [5]. 

However, the suggestion that the reabsorption of 
water by the kidney is reduced under the influence 
of the xanthines was made,  not as a result of direct  

de terminat ion  of the concentrat ion of osmot ical ly  
ac t ive  substances in the urine, but purely as a logi-  

ca l  assumption based on an increase in the volume 
of urine excreted.  The diuresis is known to be in -  

creased not only as a result of a decrease in the tubu- 
lar reabsorption of water, as in water diuresis, but a l -  
so as a result of an increase in the excret ion of os-  
mot i ca l ly  act ive substances when the excret ion of 

osmotical ly  free water, on the other hand, is decreased. 

To e luc ida te  the mechanism of the diuretic a c -  
tion of the xanthines, it  is important  to determine 
their effect  on the e l imina t ion  of water by the kidney. 
If the increase in diuresis under the influence of theo-  
phyl l ine and its preparations were at tr ibutable,  even 
partly,  to a decrease in the permeabi l i ty  of the tubule 
wal l  to water and to depression of the act ion of an t i -  
diuret ic substances, the mechanism of xanthine d i -  

uresis would differ in pr inciple  from the mechanism 
of act ion of the other diuretics. The existing diuretics 
are natriuretics and not hydruretics; the diuresis is 
increased as a result of depression of the reabsorption 
of salts and an osmotic, and not a water, diuresis 

develops. 

The object  of the present invest igat ion was to 
analyze the mechanism of the xanthine diuresis. 

E X P E R I M E N T A L  M E T H O D  

The invest igat ion was carried out on four dogs 
with ureters exter ior ized separately by Orbeli 's  me th -  
od. Altogether 28 experiments were performed. The 

dogs were given an ordinary intake of water and salt. 
On the day of the exper iment  the animals  received 
neither water nor food. Diaphyllin (Oedeon Richter) 
was in jec ted  intravenously in a dose of ~0 .5  ml /kg  
body weight (8-10 ml  of a 2.4% solution) or in t ra-  
muscularly in a dose of 1 ml  of a 24% solution. 

The content of sodium and potassium in the 
ur ine  and blood serum was determined by means of a 
Zeiss f lame photometer,  and the osmolar concentra-  

tion of these fluids was measured by a cryoscopic 

method [2]. The glomerular  f i l t rat ion was ca lcu la ted  from the c learance  of endogenous creat in ine .  The chemica l  
es t imat ion o f thec rea t in ine  wascarr ied out by the method of Bonsnes and Tosca. For the analysis of the various as-  

pects of kidney function, formulas based on the pr inciple  of c learance  were used. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The intravenous or intramuscular in ject ion of d iaphyl l in  in a l l  the experiments caused an increase in diuresis 
and an increase in the concentrat ion of sodium and potassium in the urine (see table).  The natriuresis developing 
under the influence of d iaphyl l in  was due, in a l l  probabil i ty ,  to depression of the reabsorption of sodium in the tubules 
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and not to an increase in f i l t rat ion.  This hypothesis is supported by the results of experiments in which the prepara-  

tion was injected by different methods. After intramuscuIar in jec t ion  no significant change in f i l t rat ion took place,  

whereas the sodium concentrat ion in the urine and its excret ion in the urine increased almost  to the same extent  

as after intravenous in jec t ion  of diaphyll in.  

The impor tance  of the ac t ion of th.e preparat ion direct ly  on the cei ls  of the tubules became clear  after ana ly -  
sis of the potassium excretion.  Under the influence of the preparat ion not only the concentrat ion of potassium in the 
urine, but also its excretion,  increased. The increase in the excret ion of potassium in the urine following intra-  
muscular in jec t ion  was about 250%, whereas the g lomemlar  f i l t rat ion was unchanged, but after intravenous inject ion,  
when the increase in f ihra t ion  was 50% the potassium excret ion increased to 329% of the level  observed in the con-  

trol  period. It may be concluded from these results that d iaphyl l in  has a direct  tubular a c t i o n - i t  depresses the re-  

absorption of potassium from the f i l t rate  or st imulates the secret ion of potassium into the urine. Hence, under the 
influence of d iaphyl l in  the excret ion of the main  ca t i ons - sod ium and p o t a s s i u m - b y  the kidney is increased.  

The to ta l  concentrat ion of osmot ica l ly  ac t ive  substances in the urine was changed in xanthine diuresis and 

remained  higher than in the blood serum, although the volume of urine excreted was almost doubled. Consequently, 

the dominant  factor in the mechanism of the diuresis developing after in ject ion of d iaphyl l in  was an increase in the 
excret ion of salts by the kidneys and not a decrease in the pe rmeab i i i ty  of the tubule wal l  to water. Under the in-  
f luence of diaphyll in,  the diuresis was of the osmotic and not of the water type. 

Analysis of the osmoregulatory function of the kidney after in jec t ion  of the preparat ion showed that the amount 

of reabsorbed osmot ical ly  free water not only was not reduced, as might  be expected if d iaphyl l in  had neutral ized 
the act ion of the ant idiuret ic  factors, but was considerably increased (see table) .  The mean  data from eight  exper i -  

mentsa re  given in the table.  The dynamics of the effect  of d iaphyl l in  in a typ ica l  exper iment  is shown in the f ig-  
ure. The hyperosmotic reabsorption was determined from the amount of osmot ica l ly  free water absorbed in the ter-  
mina l  portions of the tubules from the primary urine, isoosmotic with the blood plasma.  Evidently this amount was 

the greater  the more permeabIe  the tubule wal l  to water and the higher the osmotic gradient  in the interst i t iaI  t is-  
sue of the renal  medulIa .  The results obtained demonstrate an increase in the hyperosmotic  reabsorption of water 
in d iaphyl l in  diuresis. 

The results obtained in dogs do not agree with those reported by Buehborn and co-workers [7], who described 
a decrease in the hyperosmotic  reabsorption of water after intravenous inject ion of euphyIlin (aminophyl l ine)  in 

man. They explained this effect  by a decrease in the gradient  in the inters t i t ia l  tissue of the renaI medul la  as a 
result of an increase in the blood flow through this part of the kidney. The reason for the disagreement  between the 
results may lie ei ther in the difference in the effect  of d iaphyl l in  on the blood flow of the renal  medul la  in man 
and the dog, or in some unexplained techn ica l  variat ion in the conduct of the experiments  in the two cases. It is 
also very probable that the diuret ic  effect  of d iaphyl l in  depends on the re la t ive  degree of its effect  on the h e m o -  
dynamics and on the renal  tubules. This comes to light c lear ly  when the experiments with intravenous and intra-  

muscular in ject ion of the drug are compared.  The intravenous injectiQn of d iaphyl l in  ted to a sharp change in the 

hemodynamics ,  which was accompanied  by an increase in the glomerular  f i l tration,  an increase in the volume of 
tubular fluid, and a sharper increase in the diuresis and the excret ion of osmot ica l ly  act ive substances. 

The results described suggest that d iaphyl l in  increases the pe rmeabi l i ty  of the tubule wal l  to water, for the 

hyperosmotic  reabsorption of water increases. Indirect  conf i rmat ion of this hypothesis is g iven by the observations 
of Schmitz [11] and of Mudge and Weiner [9]. Schmitz found that in dogs, when the diuresis was at  a certain level,  
adminis trat ion of theophyll ine led to a decrease in its value, despite an increase in glomerular  fil tration; he ex-  
p la ined this effect  by an increase in the reabsorption of water in the tubules. Mudge and Weiner also concluded 
from indirect  evidence that the xanthines can increase the pe rmeabi l i ty  of the renal  tubules to water. The avai lab le  

data show that theophyll ine potent iates  the act ion of the hormones of the neurohypophysis, by influencing one of 

the enzymes of the system responsible for the effect  of these hormones [4,10]. Very probabty the increase in the 
hyperosmotic  reabsorption of water after inject ion of d iaphyl l in  was due in part to potent ia t ion  of the act ion of the 
peptides of the pi tui tary on the kidney. 

The results of the present invest igat ion thus show that the increase in tile diuresis in dogs after inject ion of 
d iaphyl l in  is due not only to an increase in f i l t ra t ion but also to the act ion of the drug on the tubules, increasing 
the excret ion of osmotica1Iy act ive substances (mainIy salts of sodium and potassium) and of water, bound osmot i -  
ca l ly  with them,from the kidney. In the conditions of diaphyl l in  diuresis the hyperosmotic  reabsorption of water is 
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increased, indicating the high permeabili ty of the wall of the tubule to water. Consequently, the hypothesis sug- 
gested by certain investigators that the permeability of the tubules to water is diminished and the action of anti- 
diuretic factors on the kidney is depressed by diaphyllin did not find experimental confirmation. 
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