MECHANISM OF ACTION OF AMINOPHYLLINE
ON RENAL EXCRETION OF SODIUM, POTASSIUM,
AND WATER IN PATIENTS WITH NEPHRITIS
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Intramuscular injection of 1 ml of 24% aminophylline into patients with nephritis and undisturbed
kidney function increases the minute diuresis and excretion of osmotically active substances (sodium,
potassium). Under conditions of antidiuresis endogenous creatinine clearance was unchanged, while in
hydration it was lowered. Clearance of osmotically free water in the first case was lowered and in the
second increased. The effect of aminophylline in increasing sodium excretion is due to a decrease in the
proximal sodium reabsorption. Increased sodium loading of the distal nephron stimulated its distal re-
absorption, which in turn increased the potassium excretion.

* * *

Some investigators claim that aminophylline increases glomerular filtration and that the increase
in sodium excretion is due to an increase in its filtration change [2, 8]. Others consider that the sodium-~
excreting effect of aminophylline depends on an increase in glomerular filtration and a decrease in the
tubular reabsorption of sodium [4~7, 9, 11, 13, 15]; a third group [6, 7, 15] ascribe the leading role to a
decrease in tubular reabsorption of sodium. Another extremely important problem is the degree to which
the response to theophylline is modified in a pathologically changed kidney.

Because of absence of agreement in the litera-
ture on the nature of the sodium-excreting and diure-
tic action of aminophylline, the present investigation

ml was carried outf to study the mechanism of its action

16 F o on the kidney.
136 F o 0 :
L2 r EXPERIMENTAL METHOD
0? 55 | 5 ° The investigation was carried out on 21 patients
076k e ¢ . (14 men and 7 women aged from 17 to 55 years) with
Hi s L ° . chronic glomerulonephritis or pyelonephritis with no
045 | (I signs of disturbance of kidney function (glomerula
0o L r =067 filtration over 60 ml/min, ratio between osmolarity
A ’ of urine and osmolarity of plasma more than 1.5).
e L i posmol The patients were kept on a diet with consi~
/a0 300 50 600 730 900 1057 derable restriction of sodium chloride intake (re-
Fig. 1. Relationship between minute diuresis and duced to 1.5 g/day). The investigations on 12 pa-
excretion of osmotically active substances before tients were carried out against a background of water
and after injection of aminophylline. Black cir- diuresis, and on 9 patients during antidiuresis. Wa-
cles denote control period, unshaded circles 2 h ter diuresis was produced by taking water by mouth
after injection of aminophylline. Abscissa, ex- (20 ml/kg). Hyperhydration was maintained through-
cretion of osmotically active substances (in out the period of investigation. At the height of water

posmol/min; ordinate, diuresis (in ml/min).
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TABLE 1. Effect of Aminophylline on Excretion of Water and
Salts by the Kidney during Antidiuresis

Investigated indices Control period | 2D 2fter in-
of kidney function (60 min) ](?ctmn of
aminophylline
Diuresis (in ml/min) 0.57 £ 0,12 1,17+ 0,19
P < 0.01
Excretion of osmotically 287 £ 43.7 660 £ 82,2
active substances (in P < 0.01
posmol /min)
Sodium excretion (in 45,8+ 14 136.4 + 35.6
peq/min) P < 0,05
Potassium excretion (in 40+ 6.5 67.56+11.9
peq/min) P < 0.02
Reabsorption of osmot- 0.39+ 0,09 0.92+0.14
ically free water (in P < 0.01
ml/min)
Endogenous creatinine 71.7+10.3 76.2+6.1
clearance (in ml/min) P > 0.7

TABLE 2. Effect of Aminophylline on Kidney Function during

Hyperhydration
Investigated indices Control period 2‘h a'fter m-
of kidney function (60 min) J gctlon Of_
aminophylline
Diuresis (in ml/min) 7.24 0,97 8.5+1
P < 0.01

Sodium excretion (in 67.4 11 107.3 £19.8
peq/min) P < 0,01

Potassium excretion (in 95.56+ 14.6 98.1%14
peq/min) P> 0.7

Sodium entering distal 944 £ 128 1133 £ 126
portions of nephron (in P < 0.01
peq/min)

Sodium reabsorption in 8764 117.5 1031+ 116.6
distal portions of nephron P <0,01
(in peq/min)

Clearance of osmotically 5.574£0.9 6.61+0.91
free water (in ml/min) P < 0.05

Endogenous creatinine 86.6 + 9.2 69.7 % 8.6
clearance (in ml/min) P < 0,01

diuresis aminophylline was given. The conditions of antidiuresis were produced by food and wa-
ter deprivation for 12 h.

Samples of urine were collected over periods of 2 h before and after intramuscular injection of 1 ml
249, aminophylline solution. The concentration of sodium and potassium in the urine and blood plasma was
measured by flame photometry, the osmolarity of the urine and plasma by a cryoscopic method using a
semiconducting thermistor [1], and glomerular filtration by estimation of the endogenous creatinine clear-
ance. Creatinine was determined by the method of Bonsnes and Toski [3]. The intensity of the color re-
action was measured by a photoelectric colorimeter. Sodium reabsorption in the distal and proximal divi-
sions of the nephron was ealculated [14].
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Fig. 2. Direct correlation between amount of so-
dium entering distal segments of nephron and dis-
tal reabsorption of sodium before and after injec-
tion of aminophylline. Legend as in Fig. 1. Ab-
scissa, sodium entering distal segment of nephron
(in peq/min), ordinate, distal reabsorption of so-
dium (in peq/min).
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Fig. 3. Relationship between potassium excretion
and distal sodium reabsorption before and after
administration of aminophylline. Legend as in
Fig. 1. Abscissa, distal reabsorption of sodium
per 100 ml glomerular filtrate (in peq/min);
ordinate, potassium excretion per 100 ml glomer-
ular filtrate (in peq/min).

EXPERIMENTAL RESULTS

After injecting aminophylline into patients during
antidiuresis, the diuresis, the excretion of sodium and
potagsium, and the reabsorption of osmotically free
water were all increased (Table 1). On the average
the diuresis was doubled, sodium excretion trebled,
and potassium excretion doubled.

Injection of aminophylline against a background
of water diuresis also increased the sodium excre-
tion (Table 2) but had no appreciable effect on potas-
sium excretion. The clearance of osmotically free
water was definitely increased. The increase in so~-
dium excretion produced by aminophylline was prac-
tically the same under the conditions of antidiuresis
and hyperhydration.

Against the background of antidiuresis aminophyl-
line caused no change in the endogenous creatinine
clearance (Table 1), whereas during water diuresis
the endogenous creatinine clearance was lowered
(Table 2). This difference can be explained either by
a true decrease in filtration or by a change in the
ratio between creatinine secretion and reabsorption.
The sodium excretion per 100 ml glomerular filtrate
was definitely increased after injection of aminophyl-
line during antidiuresis. Consequently, the effect of
aminophylline in increasing sodium excretion is inde-
pendent of changes in glomerular filtrate and is due
to decreased tubular reabsorption of sodium.

After injection of aminophylline the amount of
sodium entering the distal segment was increased
(Table 2). Against the background of water diuresis
aminophylline increased the clearance of osmotically
free water, which can only have been due to an in-
crease in the distal reabsorption of osmotically ac-
tive substances and, in particular, of sodium. Con-
sequently, the increase in sodium excretion caused
by aminophylline depends on lowering of the proximal
sodium reabsorption.

The increase in potassium excretion produced by
aminophylline (per 100 ml glomerular filtrate) was

the same during both antidiuresis and water diuresis. The increase caused by aminophylline in the volume
of urine excreted during antidiuresis correlates directly (Fig. 1) with the increase in excretion of osmoti-
cally active substances (r = 0.67), and consequently it takes place by a mechanism of osmotic diuresis.

This is in agreement with the fact that the increase in diuresis was accompanied by an increase in the
reabsorption of osmotically free water. Against the background of hyperhydration the action of amino-
phylline on diuresis was particularly marked because as well as increasing the excretion of osmotically
active substances, it also increased the clearance of osmotically free water.

The work of Gottschalk [12] has shown that increased sodium loading of the distal nephron leads to an
increase in its distal reabsorption. In the experiments in which aminophylline was injected a direct cor-
relation was in fact found between the amount of sodium entering the distal nephron and the distal sodium

reabsorption (r = 0.91; Fig, 2).

Berliner [10] found that the potassium secretion in the distal nephron

takes place as a result of exchange for sodium. The increased excretion of potassium caused by amino-
phylline could thereforebe explained by an increase in the distal reabsorption of sodium. A directcorrelation
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was in fact found between the effect of aminophylline in increasing potassium excretion and the increase
in distal sodium reabsorption (r = 0.74; Fig. 3).

LITERATURE CITED

1. A. G. Ginetskinskii, V. F. Vasil'eva, M. G. Zaks, et al., in: Textbook of Methods of Investigation of
the Physiology of Fish [in Russian], Moscow (1962), p. 204.

2. M. D. Kogut, Proceedings of the Ukrainian Institute of Clinical Medicine [in Russian], Vol. 7, Kiev
(1961), p. 103.

3. B. D. Kravchinskii, Fundamentals in Current Physiology of the Kidneys {in Russian], Leningrad
(1958).

4. A.K. Merzon, Ter, Arkh., No. 1, 88 (1964).
5. A.K. Merzon and T, N, Kas'yanova, Vrach. Delo, No, 10, 38 (1964).
6. Yu. V. Natochin, Fiziol. Zh, SSSR, No. 3, 357 (1965).
7.  Yu. V. Natochin, G. M. Golod, and T. M, Natochina, Ter. Arkh., No. 2, 57 (1965).
8. N. A. Ratner, Changes in Kidney Function in Hypertension [in Russian], Moscow (1953).
9. G. S. Chudnovskii, Klin. Med., No. 5, 98 (1961).
10. R.W. Berliner, Harvey Lect., 55, 141 (1961).
11, J. 0. Davis and W. E. Shockter, International Congress of Nephrology, Abstracis of General Sessions
and Symposia, Washington (1966).
12. C.W. Gottschalk and W, E, Lassiter, International Congress of Nephrology, Abstracts of General

Sessions and Symposia, Washington (1966).
13. C. R. Kleeman, R. Cutler, M. H. Maxwell, et al., J. Lab. Clin. Med., 60, 224 (1962).
14. Q. Schiick, J. St¥ibrn4, K. Smahelova, et al., Z. Ges. Inn. Med., 17, 957 (1962).
15. O. Schiick, K. Cholinsky, Z. Markova, et al., Cas. Lék. Ces., 104, 805 (1965).

1244



