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The effect of exercise on renal function has
been the target of numerous research projects,
many of which have recently been reviewed by
Herlitzka (1). It is generally agreed that ex-
ercise exerts an antidiuretic effect, that it de-
presses urea clearance, and that it increases the
specific gravity of the urine. With the introduc-
tion of diodrast and of para-amino hippuric acid
it became possible to estimate renal plasma flow
with considerable accuracy, but these newer meth-
ods have not been applied extensively to the ques-
tion of the effect of exercise.

In order to obtain quantitative information on
the phenomenon a method was devised for fol-
lowing changes in renal plasma flow before, dur-
ing, and after standard exercise of varying de-
grees of severity. The present report is con-
cerned with the application of this test to normal
young men.

METHOD

The subjects were required to omit the meal preceding
the test and were not allowed to smoke for at least an
hour before the experiment began. They were kept at
complete bedrest for 40 minutes or longer before the
beginning of the first basal period. Every effort short
of the use of sedative drugs was made to allay anxiety.

The technique used is based on that originally described
by Chasis et al. (2), but embodies certain important modi-
fications made necessary by the test conditions. A con-
stant injection apparatus similar to that described by
Earle and Berliner (3) was substituted for the usual
gravity type intravenous injection equipment. This de-
vice delivers exactly 0.966 cc. test solution per minute
with great precision, not only during rest but also during
exercise. Samples of urine were collected by voluntary
micturition. In order to facilitate the collection of sam-
ples of urine, moderate water diuresis (urine flow of 10
to 15 cc. per minute) was instituted and the collection
periods were lengthened to 20 minutes.

For the exercise, a motor-driven treadmill was used.
No special training period was imposed but those subjects
not already familiar with the treadmill were given short
trials before experimental observations were begun. Three
levels of activity were used: A. 3 m.p.h. at zero per cent
grade; B. 3 m.p.h. at 5 per cent grade; and C. 3.5 m.p.h.

at 10 per cent grade. The energy outputs at these levels
of work, expressed as oxygen consumption per square
meter body surface per minute, are 419, 612 and 1070 cc.
The first two levels placed no great strain even on a
strictly sedentary individual. The third and highest level
taxed normal, active male students only moderately but
caused considerable discomfort in subjects accustomed to
little or no strenuous exertion. The arm being used for
injection of the clearance substance was kept in a rela-
tively fixed position during exercise by having the subject
rest his hand on the edge of a shelf placed directly in
front of him and adjusted to a point several inches below
the level of the shoulders. With the arm thus partly
immobilized, the energy outputs for a given treadmill
speed and grade are about one to 2 per cent less than if
the arms are allowed to swing free. The results, how-
ever, are comparable from experiment to experiment since
they were obtained under identical conditions; the only
variable was the level of exercise being investigated.

The conditions under which renal plasma flow was
followed during recovery were the same as those used
for determining basal values. The subject walked a few
feet to the bed after completing the work on the tread-
mill, and was required to lie immobile for the rest of the
experiment. The constant injection apparatus was moved
with the patient without interrupting the injection of the
test substance.

The time sequence and complete data for a typical
experiment in this series are given in Table I.

MATERIAL

Nine subjects were employed in the study. All were
healthy male university students or instructors aged from
21 to 32 years. There was no evidence of renal disease
in their histories or in the results of their urinalyses.
Resting blood pressures were within the normal range in
the entire group.

All clearance values were corrected to 1.73 sq. m. of
body surface using the formula of Dubois for total body
surface.

Basal values were determined for two or three con-
secutive clearance periods in each experiment, the usual
number being three. More than one experiment was done
with eight of the nine subjects, and in six subjects, ex-
periments were repeated six or more times. In order to
gain some insight into the reliability of the method, all
available basal data were utilized, regardless of variation
between consecutive clearance periods or between sep-
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TABLE I

Sample experiment (Subject CBC, 24 November 1947; body surface 1.89 sq. m.). P - mgm. PAHin 100 cc.

plasma. U - mgm. PAHin 1 cc. urine. V volume of urine per minute

Plasma flow
Time Procedure P U V UV

Uncorrected Corrected*

-30:00 Subject at complete rest
-08:00 200 cc. water by mouth
-01:00 Plasma sample No. 1 0.10

00:00 Begin constant injection
(PAH 1.88 gms. per cent)

02:00 Begin injection priming dose
(0.8 gms.)

04:00 End injection priming dose
30:00 Urine sample No. 1 (discarded)
31:00 Plasma sample No. 2 3.30
32:00 200 cc. water by mouth
42:00 200 cc. water by mouth
50:00 Urine sample No. 2 3.97 5.6 22.2
51:10 Plasma sample No. 3 3.01 700 641
57:00 200 cc. water by mouth
70:00 Urine sample N-o. 3 2.03 9.1 18.5
71:15 Plasma sample No. 4 2.97 620 567
73:00 200 cc. water by mouth
87:00 200 cc. water by mouth
90:00 Urine sample No. 4 1.51 11.5 17.4
91:15 Plasma sample No. 5 2.94 592 542
93:00 Begin exercise:

3 m.p.h. at 5 per cent grade
109:00 End exercise
109:40 Urine sample No. 5 1.38 11.5 15.9
110:45 Plasma sample No. 6 3.36 506 463
112:00 200 cc. water by mouth
113:00 Begin exercise
129:00 End exercise
130:00 Urine sample No. 6 1.90 8.6 16.4
131:00 Plasma sample No. 7 3.54 479 439
132:00 Subject at complete rest
150:00 Urine sample No. 7 3.06 5.7 17.5
151:00 Plasma sample No. 8 3.06 528 484
170:00 Urine sample No. 8 2.36 7.2 17.0
171:10 Plasma sample No. 9 3.09 555 507

* Corrected to 1.73 sq. m. body surface.

arate experiments. This provided 59 experiments and a
total of 140 clearance periods.

In order to evaluate the effect of exercise on basal
plasma flow, no experiment was considered valid unless it
included two or more basal values which were within 10
per cent of each other. This requirement resulted in the
loss of several experiments in which only two basal values
were determined. When three consecutive basal values
were determined at least two figures were invariably
obtained which did not exceed the variation allowed. For
the studies on the light work load we obtained 12 valid
tests on six subjects; for the intermediate load there were
13 valid tests on eight subjects, and for the heavy stress
there were 10 valid tests on five subjects.

RESULTS

The method as described yielded an average
basal renal plasma flow of- 603.7 + 114 cc. for con-
secutive duplicate determinations and 613 += 107

cc. for triplicates. Statistical treatment of the
basal data (4) disclosed that repeatability for in-
dividual subjects was not high. The error (ran-
dom variance) represents 57.1 per cent and 48.9
per cent of the interindividual variance in the case
of duplicate and triplicate control data, respec-
tively, the corresponding coefficients of consistency
(rc) being 0.429 and 0.511. The intraindividual
standard deviations (V VwI) are -+ 89 and + 78.
For comparison, the corresponding interindividual
standard deviations (-VVwD) are -+ 175 and
+ 107, respectively. A trend in both the dupli-
cate and triplicate data was apparent. The suc-
cessive means for the duplicate determinations
were 621.5 cc. and 585.9 cc.- and those for the
triplicate data were 646.0 cc., 606.0 cc., and 587.7
cc. The differences between these means ap-
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FIG. 1. MEANCHANGES

TIME IN MINUTES
(HEAVY LINE) IN RENAL PLASMAFLOWDURING

GRADEOF WORK
The shaded area represents standard deviation.

AND AFTER THE INTERMEDIATE

proach significance for triplicate data and are
significant for duplicate data.

The effects of exercise on renal plasma flow as
revealed by our technique are set out in Figures
1 and 2, and in Tables I and II. Figures 1 and 2

show that there was a progressive decline in
plasma flow as work proceeded. In no instance
did the pattern of progressive decline in plasma
flow fail to occur. The direct relationship be-
tween the amount of decline and the severity of

TIME IN MINUTES
FIG. 2. MEAN CHANGES(HEAVY LINE) IN RENAL PLASMAFLOWDURING AND AFTER THE LIGHTEST AND

HEAVIEST GRADESOF WORK
The shaded areas represent standard deviations.
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TABLE II

Mean renal plasma flow in work and in recovery from work at three levels of activity
All values in cc. per minute for 1.73 sq. m. of body surface

Basal Work I Work 2 Rest 1 Rest 2

Stress A 593.3 i 72.2 551.3 i 74.5 502.7 464.4 528.8 484.3 572.44-76.9
Stress B 595.74-65.2 491.74-48.3 438.1 :-27.1 442.2 :S52.7 516.2 442.3
Stress C 576.44d68.1 435.4d42.8 375.5 149.5 459.74-72.1 540.8 160.1

the exercise is clearly apparent, although there is
considerable overlapping when the standard devia-
tions are plotted along with the means.

Recovery of the decline in renal plasma flow
due to exercise is less predictable. With the light-
est work load recovery was still incomplete 40
minutes after cessation of work, the residual dec-
rement at that point showing a statistically sig-
nificant difference from the basal value. The same
was true for the heavier loads, but the amount of
residual decrement bore no relation to the severity
of the work.

In evaluating statistically the significance of
changes under experimental conditions an F-test
for paired variates was employed. Both the mag-
nitude of the changes and individual variation in
response were taken into account. For each level
of work, the differences between the basal renal
plasma flow on one hand and those during work
and recovery from work on the other proved to
be significant or highly significant (< 5 per cent,
and < 1 per cent, respectively). In evaluating the
effect of increasing the severity of the work the
differences observed at the lightest and the heav-
iest work loads (3 m.p.h. at zero grade, and 3.5
m.p.h. at 10 per cent grade, respectively) were
tested by means of the same F-test. The dif-
ferences were significant or highly significant
throughout.

DISCUSSION

The two values for mean basal renal plasma
flow in normal males as determined in this study
(603.7 -+ 114 cc. for duplicate and 613 + 107 cc.
for triplicate determination) are comparable to
that reported by Merrill (5) who obtained a value
of 626 -+ 165 cc. in 39 experiments on 35 normal
individuals (males and females), and to that ob-
tained by Heller and Jacobson (6) which was
603 + 84.4 cc. in eight normal males. Para-
aminohippuric acid was used as the clearance sub-

stance in all three studies but in the latter two,
urethral catheterization was used for collection of
samples of urine. Although the collection of urine
samples by voluntary micturition instead of cathe-
terization does not appear to have introduced
serious error, it obviously limits the use of the
method to subjects who have reasonable control
over the initiation of micturition. It also imposes
the necessity for working at relatively high rates
of urine flow.

The possibility that water diuresis, itself a
stress of a sort, may exert an independent action
on renal plasma flow has never been adequately
studied in the human subject, but Dicker and
Heller (7) found that inulin and diodone clear-
ances remained reasonably constant in rats at
widely varying rates of urine flow. They state
that "in the dog, as in man, diodone and inulin
clearances do not rise with increase in urine flow."
In our work no evidence of a trend was found
when the corrected basal clearance values were
plotted against the rates of urine flow. The mean
rate of urine flow during basal determinations was
13.0 + 4.4 cc. per minute.

The slight trend in consecutive basal values
finds no ready explanation and is currently under
further experimental investigation. It does not
appear to be related to rates of urine flow. The
same phenomenon is apparent in Benzinger's data
(8) for three consecutive urea clearance values
under basal conditions. In our own work there
was a definite tendency for the clearance values
to level off in the second and third basal periods
and the basal value used for comparison with the
values obtained during application of the stress
was a mean, usually of the second and third basal
figures. The use of such a mean value largely,
if not entirely, compensated for the effect of the
trend.
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Barclay and co-workers (9) measured inulin
and diodrast clearances in eight normal subjects
immediately after cessation of exercise (440 yard
dash) and found that the renal plasma flow fell
from 18 to 54 per cent of the resting values; ten
to 40 minutes were required for the renal plasma
flow to return to resting levels. The effect of
sustained exercise was studied by means of a
bicycle ergometer in two subjects and the renal
plasma flow was found to decline steadily during
the work, the duration and severity of which were
not specified. White and Rolf (10) noted little
change in renal plasma flow during light exercise
but found it to fall markedly during heavy exer-
cise. Merrill and Cargill (11) obtained a similar
result in normal individuals performing work in
both the upright and recumbent positions. Our
results are generally in accord with those obtained
by these workers but demonstrate more clearly
that the extent of the decline in renal plasma flow
is directly related to the severity of the exercise
within certain, as yet incompletely defined, limits.

Recovery of renal plasma flow from the effects
of exercise is considerably slower than is recovery
as judged by pulse rate and blood pressure. It
appears from our results that the rate and ex-
tent of recovery are not directly related to the
severity of the work and that plasma flow is usu-
ally still somewhat depressed even after 40 min-
utes of rest following all three grades of exercise.

The mechanism by means of which exercise
depresses renal plasma flow is uncertain and our
work throws no new light on it. Barclay et al.
(12) found that in exercise there is depression of
the glomerular filtration rate and filtration frac-
tion as well as of plasma flow. Since adrenalin,
like pain and apprehension, produces an increase
in filtration fraction while depressing plasma flow,
they reason that the exercise effect is not me-
diated by adrenalin.

The chief significance of the diversion of blood
from the kidney during exercise may be that more
blood is made available for working muscles, a
view suggested by Edwards et al. (13), among
others. From our experience with two consecu-
tive periods of exercise at the lightest work load,
about 150 cc. of whole blood per minute are di-
verted from the kidney for circulation elsewhere.
For the heaviest work load, the corresponding

figure is about 330 cc., a not inconsiderable
amount.

SUMMARY

1. Renal plasma flow was estimated from para-
aminohippurate clearance in nine healthy men
aged 21 to 32 years. In 59 experiments, pro-
viding 140 clearance periods, the basal mean for
consecutive determinations in triplicate was 613
+ 107 cc. per minute, corrected to 1.73 sq. m.
body surface. Variability was analysed into in-
terindividual, intraindividual, and random com-
ponents.

2. During the first 16 minutes of walking on
the motor-driven treadmill the renal plasma flow
was decreased by an average of 6, 17 and 25 per
cent (of the resting control) at work levels, re-
spectively, of 3.0 m.p.h. at zero grade, 3 m.p.h.
at 5 per cent grade, and 3.5 m.p.h. at 10 per cent
grade.

3. Continued walking for another 16 minutes
yielded corresponding average reductions of 15,
27 and 35 per cent of the resting control values.

4. Return of the renal plasma flow to basal
levels was incomplete after 40 minutes of recov-
ery following this exercise.
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