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The effect of prednisolone on renal handling of sodium (Na) was 
studied in rats under three experimental conditions: 1) hydro
penia, 2) water diuresis, and 3) distal tubular blockade (DTB). 
Prednisolone, 0.25 mg/IOO g per hr, was infused directly into left 
renal artery and urine was collected separately from each kidney. 
Predominantly unilateral increases in urine flow (V) and Na 
excretion were noticed in all experiments during prednisolone 
infusion. In the hydropenic rats the maximal increments on the 
infused side were, for V (mean ± SD), from 9.3 ± 1.5 to 21.4 ± 
0.8 Ml/min (P < 0.001); for CN./C rn, from 0.28 ± O.ll to 2.97 ± 
0.71 % (P < 0.005); and for TI1: 20/Crn, from 2.93 ± 2.26 to 
5.32 ± 1.92% (P < 0.05). In the rats with water diuresis, the 
maximal increases were, for V /C rn, from 5.87 ± 1.97 to 10.1 ± 
6.0% (P < 0.005); for CH,O/CIn, from 4.09 ± 0.68 to 6.00 ± 
0.44% (P < 0.0005); and for CNa/Crn, from 0.22 ± 0.07 to 
0.70 ± 0.38% (P < 0.01). In DTB-rats the maximal increases 
were for V from 48.6 ± 9.0 to 72.7 ± 14.1 Ml/min (P < 0.0005) 
and for CN./Crn from 9.42 ± 2.97 to 20.23 ± 7.34% (P < 
0.005). In the contralateral kidney these changes were less pro
nounced. These observations suggest that prednisolone depresses 
directly Na reabsorption. The association of natriuresis with 
augmented TIi,o/C rn and CH,O/CIn during hydropenia and water 
diuresis, respectively, and the increases in V and CNa/Grn during 
DTB, all are consistent with inhibition of Na reabsorption in the 
proximal tuhule. 

natriuresis; proximal tubule; hydropenia; water diuresis; distal 
tubular blockade 

THE EFFECT OF GLUCOCORTICOIDS on renal handling of so
dium has not been well defined as yet. Although sodium
retaining action has been well demonstrated in numerous 
studies (! 5, 20, 22, 25, 29), under certain conditions glu
cocorticoids have been shown to increase urinary excretion 
of sodium (3, 6, 14, 34). The natriuretic response was in
terpreted by some workers as the consequence of enhanced 
glomerular filtration rate which was associated with the 
administra tion of glucocorticoids (11, 14, 20, 24). Acute 
increase in the excreted fractions of filtered sodium despite 
concomitant decrease in glomerular filtration rate has been 
recently observed in humans immediately after large in
travenous doses of prednisolone (27). Similar observations 

were reported earlier by other workers, demonstrating an 
increase in sodium excretion after the administration of 
glucocorticoids even without noticeable changes in glo
merular filtration rate (6). 

In the absence of altered glomerular filtration rate, the 
natriuretic response to glucocorticoids could be accounted 
for by two possible tubular mechanisms: 1) direct inter
ference of the hormone with tubular reabsorption of so
dium, and 2) indirect effect mediated by an increase in 
extracellular fluid volume. The regulation of sodium and 
water distribution between the intracellular and the extra
cellular compartments has been attributed to glucocorti
coids (23, 32, 33). A shift of sodium and water into the 
extracellular space following the administration of the 
hormone could lead to extracellular fluid volume expansion 
with a resulting decrease in tubular reabsorption of sodium 
and an increase of sodium excretion in the urine (5). 

The present study was designed to evaluate the acute 
effect of prednisolone on renal handling of sodium in the 
rat. In addition, attempts were made 1) define the site in 
the nephron at which the steroid may exert its action, and 
2) to determine whether such an action is mediated by 
direct or indirect mechanism(s). 

METHODS 

White female Sprague-Dawley rats (200--300 g) and 
Brattleboro rats (Carworth, Inc., ~ew City, N.Y.) with 
hereditary diabetes insipidus (250-300 g) fed Purina pellet 
chow diet with tap water ad libitum were studied. Acute 
clearance studies were performed under three experimental 
conditions: 1) hydropenia with saline infusion, 2) water 
diuresis, and 3) distal tubular blockade. 

Clearance Studies 

The clearance studies were performed in all animals at 
the same part of the day between 8 :00 AM and 4 :00 PM. 

Following the induction of anesthesia with intramuscular 
injection of sodium pentobarbital (40 lng/kg body wt), the 
animals were placed on heated operating boards and a 
tracheostomy tube was inserted. The femoral artery and 
vein were exposed through an inguinal incision and PE-20 
tubings (Clay-Adams, Inc., Parsippany,);. J.) were inserted 
into each vessel. The arterial line was used for the collection 
of blood samples while the venous line was extended to a 
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syringe mounted on a variable-speed continuous infusion 
pump (Harvard Apparatus Co., Inc., Millis, Mass.). Both 
ureters were exposed through a suprapubic incision and 
catheterized individually with PE-lO tubings for divided 
urine collections. The abdominal aorta was exposed retro
peritoneally through a left longitudinal paravertebral 
incision. The origin of the left renal artery was identified 
and a 6-0 stitch was tied into the adventitia of the aorta 
2 mm from the origin of the renal artery leaving two long, 
free ends. The wall of the aorta was punctured medially to 
the 6-0 stitch with a 27 -gauge needle after the blood flow 
in the aorta was arrested by pulling a 0 thread which had 
been earlier passed around it between the origins of both 
renal arteries. The needle was withdrawn and a tapered, 
pear-shaped tip of PE-lO catheter was introduced in a 
quick fashion into the left renal artery through the puncture 
site. The line was extended and connected with an adapter 
to a syringe mounted on a calibrated slovv-speed infusion 
pUlllP (Cobe pump, Cobe Laboratories, Inc., Denver, 
Colo.) delivering 1 Illl of normal saline per hour. The prep
aration of the catheter and the technique of renal artery 
catheterization were previously described in great detail by 
Beuzeville (1). After the catheterization had been com
pleted, the left kidney and its artery remained exposed 
and were carefully observed for another 5 min to ascertain 
that the vessel was patent and pulsatile and that the color 
and the consistency of the kidney remained the same as 
before the manipulation. 

After the closure of all incision sites, a priming dose of 
inulin,S mg/IOO g body wt, was given intravenously. The 
priming injection was followed by a sustaining infusion 
delivering 0.17 mg/min per 100 g body wt of inulin in 
normal saline at the rate of 0.025 ml/min per 100 g body 
wt (lllC volumes and the composition of the intravenous 
solutions differed in each experimental group and are given 
in more detail in the forthcoming sections). Following an 
equilibration period, divided urine collections were started. 
The urine was collected from each ureter individually into a 
graduated tube at 20- 10 30-min intervals. The control clear
ance periods were begun only after the flow rate had sta
bilized and sueeessi\"e urine collections on both sides showed 
comparable volumes. Blood samples of 0.5 ml were obtained 
at the midpoints of all clearance periods. These samples 
were spun immediately and the red cells were suspended 
in freshly prepared plasma from similar rats (in a volume 
equal to that of the removed plasma) and were transfused 
back to the animal, to avoid blood loss. 

Following 2-3 control clearances, prednisolone (Hydel
trasol, :Merck Sharp and Dohme, West Point, Pa.) in a 
dose of 0.25 mg/IOO g body was infused directly into the 
left renal artery over a I-hI' period. Additional 2-3 clear
ances were obtained after the discontinuation of prednis
olone infusion. During the control collections before and 
after prednisolone infusion, the intrarenal arterial infusion 
delivered normal saline at the rate of 1 ml/hr. 

On completion of the experiment, the left kidney was 
exposed again and examined as at the beginning of the 
experiment. In all animals both kidneys were biopsied and 
hematoxylin-eosin stained histological sections were 
e\'aluated. 

All plasma and urine specimens were analyzed for inulin, 
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sodium, and osmolality. Inulin was determined by 
modifying Galli's methodology (12) to handle micro amounts 
of plasma and urine. One hundred microliters of plasma 
were diluted with 0.9 JIll of water. The proteins were pre
cipitated by adding 0.9 ml of cadmium sulphate (1.2 g/IOO 
ml) with 100 J-ll of 1.1 N NaOH. Urine inulin was deter
mined in I: 100 dilutions of the original samples. Sodium 
was determined with an Instrumentation Laboratory flame 
photometer, model 143. Osmolality was measured with an 
Advanced Osmometer. From these determinations, urinary 
excretion rates and clearances werc calculated. So\u1e
free water clearance (C~I20) was determined by subtracting 
osmolal clearance (Co,rn) from minute volume (V), CIl,o = 

V - Cos rn ; and solute-free water reabsorption (Tir.,o) was 
determined by subtracting minute volume from osmolal 
clearance, T 1I2o = eosm - V. The fractional solute-free 
water clearance and solute-free water reabsorption were 
determined by factoring the respective clearances by inulin 
clearance. 

Experimental Groups 

Group 1: animals with hydropenia and saline infusion. Water 
was withheld for 18 hr prior to the experiment. The animals 
received initially aqueous vasopressin (Pitressin: Parke, Davis 
& Company, Detroit) intravenously, 2.2 mU/lOO g body wt, 
followed with a continuous infusion of 2.4 mU /100 g per hr. 
The sustaining infusion throughout the experiment delivered 
normal saline at the rate of 1.5 ml/IOO g per hr. The same 
protocol was used for an additional control group of ani
mals which did not receive prednisolone infusion. 

Group 2: animals with waier diuresis. Brattleboro rats with 
hereditary diabetes insipidus were studied. Prior to the ex
periment the animals received a water load, 7.5 ml of tap 
water per 100 g body wt with an orogastric tube. The sus
taining infusion consisted of 0.4 % NaCI solution given at 
a rate of 6 ml/lOO g per hr. 

Group 3: animals with distal tubular blockage. These animals 
received throughout the whole experiment continuous in
fusion of ethacrynic acid (Edecrin, :Merck Sharp and Dohme, 
West Point, Pa.) 3.5 mg/lOO g per hr combined with 
chlorothiazide (Diuril) 2 mg/IOO g per hr. These doses 
were established after a series of preliminary experiments 
in which the combined diuretic effect was tested with vary
ing proportions of both agents. The sustaining infusion 
delivered normal saline (with KCI 5 mEq/liter) at a rate of 
3 ml/IOO g per hr, which provided an adequate replace
ment for the urine output. The same protocol was applied 
for an additional control group of animals to which pred
nisolone was not given. 

The analysis of variations associated with prednisolone 
infusion is based on the comparison of the observations 
during prednisolone infusion with those during the pre
ceding control periods. The determination of significant 
difference between the control and the experimental ob
servations was made with the use of the paired Student t 
test. 

RESULTS 

Only animals with kidneys that appeared normal on 
histological examination were included in the results. 



RENAL RESPONSE TO PREDNISOLONE 

Group 1 

Figure I illustrates a predominantly unilateral diuretic 
response to prednisolone in six hydropenic animals. The 
urine flow (V) showed a significant increase on both sides 
(P < 0.001) within the first 30 min of infusion. The maximal 
increment in V on the left side amounted to 12.0 Ill/min 
and on the right side to 2.7 Ill/min. V decreased after the 
discontinuation of prednisolone; however, it still remained 
significantly greater than its control rates (Fig. IA). Sodium 
excretion rate (U".V) rose significantly (P < 0.005) on 
thc left side within the first 30 min, with a maximal incre
ment of 2.2 IlEg/min. UNaV on the right side did not show 
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FIG. I. Effect of prednisolone on urine flow (V) (A) and on urinary 
excretion of sodium (U!>iuV) (B) from left (L) and right (R) kidneys 
during hydropcnia. Results are presented as means ± SD for whole 
group of animals. Open circles are control collections before and 
after prednisolone infusion, whereas closed circles arc collections 
during infusion. Duration of each collection period was 30 min. 
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significant changes (Fig. lB). The percent of filtered so
dium excreted (CNu/Crn X 100) increased significantly 
(P < 0.005) on the left side within the first 30 min of pred
nisolone infusion with a maximal increment of 2.6 % (Fig. 
2A). No significant changes in CN,/Crll X 100 were noticed 
on the right side. The fractional solute-free water reab
sorption (TH20/Crn X 100) increased significantly (P < 
0.005) on the left side in the first 30 min of prednisolone 
infusion (Fig. 2B). On the right side a significant (P < 
0.01) rise in TH2o/Crn X 100 was noticed after 60 min. 
The maximal mean increase in TH,o/CIll X 100 on the 
left side was 2.3 % and on the contralateral side 1.8 %. Dur
ing two clearance periods following the discontinuation of 
prednisolone infusion, TH2o/Crn X 100 was still signif
icantly elevated above the control values. No significant 

4 

2 

a 
8 

4 

CNo/CIN 

x 100 

T 
: L.K 
I " 

A 

B 

T 
1 
1 
1 

I T 1 

: 7-11 

1 lRt. K .L 

T 
1 
1 
I 
1 
1 

1 T 
Til 

1 I 1 1 
1-0--1--0 
I 1 1 I 

... 1 1 ~ 

T 

I 
1 
1 _ 

i Til 
I I/(: 
I~I--o 
1 I I: 
I 1 1 1 
I ~ 
J. 

01L------==---~~--~==----==----~~--~~ 
o 30 60 90 120 150 

TIME (min) 

FIG. 2. Effect of prednisolone on fractional excretion of sodium 
(CK,/CIn X 100) (A) and on fractional solute-free water reabsorption 
(T~,o/Cln X 100) (B) during hydropenia. 

TABLE 1. Representative study of effect of prednisolone on renal handling of sodium in a hydropenic rat 
with divided urine collections from left (L) and right (R) kidneys 
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changes in all above parameters were recorded in six rats 
which served as a control group without prednisolone in
fusion. 

The variations in glomerular filtration rate (Crn) during 
all clearance periods were not significant. Table 1 illustrates 
a representative experiment with a hydropenic animal. 
In this, as in other experiments, the equilibration period 
before the urine flow reached stable levels was 5 hr. This 
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FIG. 3. A: effect of prednisolone on urine flow (V) during water 
diuresis. Each collection period lasted 20 min. B: effect of prednisolone 
on fractional urine flow (V /Crn X 100) during water diuresis. 
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long waiting time before control collections could be started 
was due to large variations in successive urine volumes. 
These variations could be due to the extensive surgery 
with marked operative trauma, which could affect the 
extracellular fluid volume and other unknown factors 
regulating urine flow. 

Group 2 

In six Brattleboro rats undergoing water diuresis, V 
increased significantly (P < 0.005) on the left side within 
the first 20 min of prednisolone infusion (Fig. 3A). On the 
right side a significant (P < 0.01) increase in V was noticed 
after 40 min. V returned to control level immediately after 
the discontinuation of prednisolone infusion. The maximal 
increase in V on the left side was 24.6 J.ll/rnin and on the 
contralateral side 8.8 J.ll/rnin. The variations in fractional 
urine flow (V jCrn X 100) followed a trend similar to that 
of V (as one would expect in the absence of significant 
changes in GFR). The maximal increase in V jCrn X 100 
on the left side was 4.1 % and on the contralateral side 1.2 % 
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FIG. 4. Effect of prednisolone on fractional solute-free water ex
cretion (CH2o/Crn X 100) (A) and on fractional sodium excretion 
(CNa/Crn X 100) (B) during water diuresis. 

TABLE 2. Representative study of effect of prednisolone on renal handling of sodium in a Brattleboro rat undergoing 
water diuresis with individual urine collections from left (L) and right (R) kidney 

Bodywt 250 g 

Time, min V,l'l/min Crn,l'l/min UNaV, ,.Eq/min CNa/Crn X 100 Uosm , mOsm/kg H,o Cosm , ,.I/min 

L I R L I R L I R L I R L I R L I R L I R 

o Prime with inulin 5 mg/loo g and continue sustaining infusion delivering inulin 10 mg/loo g per hr iu 0.4% NaCI at rate 
of 3 ml/100 g per hr 
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Begin infusion of prednisolone 0.25 mg/100 g per hr into left renal artery 

55 I 55 I 660 I 715 I 0.44 I 0.22 I 0.48 I 0.17 I 74 63 57 661 730 0.66 0.28 0.73 0.26 93 
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(Fig. 3B). Fractional solute-free water clearance (Cu2o/Crn 
X 100) increased significantly (P < 0.0005) on the left 
side within the first 20 min of prednisolone infusion and 
on the right side a significant (P < 0.025) increase was 
noticed after 20 min (Fig. 4A). The maximal increment 
in CU20/Crn X 100 on the left side was 1.9 % and on the 
right side 1.1 %. CNs/Crn X 100 increased significantly 
(P < 0.01) on the left side within the first 20 min, no sig
nificant change was noticed on the contralateral side (Fig. 
4B). The maximal increment in CNa/Crn X 100 on the 
left side was 0.48 %. Glomerular filtration did not alter 
significantly throughout the experiment. Table 2 presents 
results of a typical experiment with an animal undergoing 
water diuresis. 

Group 3 

In six animals with distal tubular blockade, V on the 
left side showed a significant (P < 0.0005) increment within 
the first 20 min of prednisolone infusion, whereas the re
sponse on the right side was delayed by 20 min (Fig. 5A). 
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FIG. 5. Effect of prednisolone on urine flow (1) (A) and on sodium 
excretion (UNaV) (B) during distal tubular blockade. Each collection 
period lasted 20 min. 
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The maximal mean increment in V on the left side was 
24.0 .uI/min and on the right side 15.3 .uI/min. V remained 
significantly elevated above the control rate during two 
clearance periods following the discontinuation of pred
nisolone. UNaV increased significantly on the infused side 
within the first 20 min (P < 0.005), the response on the 
contralateral side was delayed by 20 min (Fig. 5B). The 
maximal mean increment in UNaV on the left side was 3.1 
.uEq/min and on the right side was 1.8 .uEq/min. CNs/CIn 
X 100 on the left side increased (Fig. 6) significantly 
(P < 0.05) during the first 20 min of prednisolone infusion 
and on the right side after a delay of 20 min. CNa/C rn X 100 
remained elevated significantly during the clearance periods 
following the discontinuation of prednisolone infusion. The 
maximal mean increment of CNa/C rn X 100 on the left 
side was 10.8 % and on the right side 9.5 %. Serum sodium 

TABLE 3. Representative study effect of prednisolone on 
renal handling of sodium in a rat undergoing distal 
tubular blockade with individual urine collection from 
left (L) and right (R) kidneys 

Time, min 

o 

0-300 
300-320 
320-340 

340-360 
360-380 
380-400 

40D-420 
420-440 

Bodywt 200 g 

V, ,.I/min 

L R 

Prime with inulin 5 mg/IOO g and continue sustaining 
infusion of inulin 10 mg/IOO g/hr with chlorothiazide 
4 mg/hr and ethacrynic acid 7 mg/hr with normal 
saline at rate of 3 mi/IOO g per hr 

Equilibration 

50 1 40 1 338 1 420 1 6.81 6.8 1 13 .6 1 11.0 
50 40 292 350 6.6 6.5 15.4 12.5 

Begin infusion of prednisolone 0.25 mg/loo g per hr 
into left renal artery 

70 I 43 \ 287 1 370 I 8.81 6.2 75 60 286 343 9.8 7.8 
83 70 303 370 10.4 8.8 

Discontinue prednisolone infusion 

70 I 63 1 233 1 305 1 10 .0 1 8.4 
70 63 317 380 9.1 8.3 

1

21.3\1l.5 
23.4 16.0 
24.1 16.8 

1
29.91 19 .5 
20.2 15.3 

TABLE 4. Variations in clearances of inulin (GIn) in all 
experimental groups during control (G) and 
prednisolone-infusion (P) periods 

eIn, ,.I/min 
Group Kidney 

e e p p p e e 
--- -- ------ ------

I L 575 587 600 582 574 583 
± 210 ± 172 ± 179 ± 158 ± 164 ± 182 

R 669 642 638 574 620 590 
± 129 ± 92 ± 148 ±200 ± 193 ± 187 

2 L 869 900 944 905 929 884 957 
± 396 ± 381 ± 354 ± 357 ± 222 ± 207 ±500 

R 957 924 934 902 889 889 955 
± 448 ± 191 ± 355 ± 343 ± 382 ± 394 ± 462 

3 L 526 500 594 546 511 501 603 
± 209 ± 243 ± 197 ± 170 ± 143 ± 108 ± 112 

R 564 609 604 582 542 500 562 
± 253 ± 289 ± 236 ± 182 ± 197 ± 129 ± 81 

Values are means ± SD. L = left kidney. R = right kidney. 
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TABLE 5. Averages of serum (S) and urine values for control and prednisolone periods in six hydropenic rats (R) 
and six rats with diabetes insipidus (RD) 

SN., mEq/li lcr 

V, }Ll/min 
UNaV, }LEq/min 
Uo,m, mOsm/kg H 20 
eosm , ,ul/min 
C 1n, }Ll/min 

SNa, mEq/liter 
V, }LI/min 
UNaV, }LEq/min 
Lo,m, mOsm/kg H20 
Co,m, }LI/min 
C 1n, }Ll/min 

SNa, mEq/liter 
V, }LI/min 
UNaV, }LEq/min 
Uosm , mOsm/kg H 20 
Co,m, }Ll/min 
C 1n, }Ll/min 

SN., mEq/li ter 
V, }Ll/min 
UNaV, }LEq/min 
Uosm , mOsm/kg H 20 
Co,m, }LI/min 
C 1n, }LI/min 

- -

Control Prednisolone Control Control I}rednisolone Control Control Prednisolone I Control 

-- ---

I 
L I R L 

I 
R L 

I 
R L 

I 
R L I R L I R L R L 

I 
R L I R 

--,-

11) Six hydropenic rats 

Rl R3 R.-, 

143 I 144 144 Wi 140 145 144 144 145 
10.0 10.0 18.3 10.8 20.0" 11.7 6.7 8.3 1~).7 10.8 14.2 10.0 1l.7 18.3 19.2 10.2_ 16.7 10.0 
0.29 0.24 3.36 0 . 81 4. l:J 1. 21 O. 19 0 . 23 3. 17 2. 15 1. 34 0 . 77 O. 17 O. 11 1.48 O. 1::> O. 13 O. 15 

1,3409101,1059721,1251,0021,1881,1009071,1801,1571,440 430 415 450 380465380 
46.0 28.2 ,63.0 33.2 70.0 37.7 26.5 30.5 47.5 38.2 51.4 46.0 16.1 11.0 25.8 12.4 24.5 12.0 

650 6321 633, 632 578 581 656 770 800 800 797 856 403 535 390 426 354 388 

Rs 

140 141 140 135 136 136 140 142 143 
9.2 8.3 19.2 1110.8 14.2 9.1 10.0 8.3 18.3 10.8 15.0 10.8 7.5 6.5 28.2 7.4 16.5 8.1' 
0.30 0.15 0.53 0.14 0.55 0.28 0.23 0.17 1.01 0.26 0.63 0.13 0.26 0.17 1.91 0.72 1.36 0.51 

903 765 726, 780 730 968 507 572 500 524 500 5991,345 1,299 881 1,8501,1901,820 
26.1 20.5 44.5126.8 31.3 28.3 17.0 17.2 30.2 19.0 24.1 21.6 32.4 26.0 75.4 43.2 55.0 42.7 

568 603 503 466 430 455 511 :)SI 497 494 514 580 749 810 744 800 736 823 

B) Six rats with diabetes insipidus 

RDI RD3 RDD 

140 I 141 140 139 139 140 130 I:B' 133 
43.0 53.3 62.3 58.2 73.5 fiL'i 47.5 43.0 93.5 45.0 47.5 47.0 60.0 55.0 77.:> lii4.0 :i2.5 47.5 
0.23 0.15

1

0.67 0.36 0.50 0'(,,3 0.59 1,.19 1.03 0.82 0.22 0.37 0.60 0.96 1.17

1

.0.% 0.67 0.71 
62 76 89 77 100 90 81 1)1) 91 79 61 105 45 63 S9 53 43 62 

11.1 16.9 26.6 18.5 32.S 2S.1 14.0 10.5 21.0 13.0 11.0 18.5 9.5 12.2 17.0 13.0 8.5 11.0 
725 723 710 735 705 725 533 581 541 547 532 541 1,3651,4551,440 1,403 1,36')1,490 

RD2 RD, RD6 

126 '123 123 128 126 126 130 128 127 
70.0 60.0 ,98.3 11)9.0 73.5 52.5 4752.5 66.0 S7.3 55.5 50.0 42.5 52.5 58.3 56.6 50.0 55.0 
0.41 0.67 0.8S

I
· 0.59 0.47 0.50 0.48 0.79 1.09 0.69 0.47 0.71 0.16 0.26 0.30 0.28 0.25 0.28 

62 88 85 90 50 71 65 118 95 130 76 51 95 118 114 130 86 127 
17.0 20.S 32.0 123.3 13.2 14.0 11.0 23.0 24.5 29.0 15.5 9.5 14.5 23.0 25.0 27.0 16.2 26.S 
1,2301,3201,231 1,1721,4581,265 882 940 924 908 920 922 583 625 608 594 537 S84 

and potassium concentrations remained stable throughout 
the study. Glomerular filtration rate showed no significant 
variation during all clearance periods. Table 3 presents 
the results of a representative experiment with distal tu
bular blockade. :'\0 significant changes in any of the ex
cretory functions could be noticed in six rats which sen'ed 
as control group. 

contralateral side was more variable; the natriuresis when 
present was usually delayed and less striking. These observa
tions are consistent with a direct renal action of prednisolone, 
howe\'er they do not exclude an additional systemic effect 
which could also affect sodium excretion. The relatively 
slllall response of the noninfuscd side could represent either 
the dilution of prednisolone during its circulation before 
reaching the right kidney and/or an indirect action medi
ated by a systemic natriuretic mechanism. The observed 
renal response to large doses of prednisolone does not nec
essarily represent the physiologic effect of glucocorticoids in 
normal rats. 

The variations in inulin clearances in all experimental 
groups during all periods are shown in Table 4. No sig
nificant differences could be noticed between successive 
collections and no significant disparity was seen between the 
left and right kidneys. 

The average values for serum Na (Sx.), V, DNaV, Dosm, 
Cosnl> and C In for each kidney, each animal, for control, 
prednisolone, and control periods in the hydropenic and 
in the water diuresis groups are shown in Table 5 A and 
B, respectively. 

DISCUSSION 

The present study demonstrated a natriuretic response to 
prednisolone under varying experimental conditions which 
was not associated with significant changes in glomerular 
filtration rate. The observed response was characterized by 
an immediate onset and predominantly unilateral effect 
manifested by the left infused kidney. The response on the 

The present data do not provide evidence as to whether 
the natriuresis resulted from a direct depression of tubular 
transport of sodium, or was secondary to altered renal 
hemodynamics. 

The objective of the experimental design using three 
different groups of animals was to define, vvith clearance 
techniques, the site in the nephron at which depression of 
sodium reabsorption occurred. 

Reduced reabsorption of sodium in the proximal tubule 
by causing the delivery of increased amounts of filtrate to 
the loop of Henle and the distal convolution would augment 
CHzO during water diuresis and T~2o during water restric
tion (26). During hydropenia with maximal ADH stimula-
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tion, depression of sodium reabsorption in the proximal 
tubule vmuld increase T~20 because of the availability of 
more osmotically active solute for transport into medulla 
(26). Since T~{2o is directly related to the tonicity of medulla, 
increase in medullary tonicity and in T~2o could result from 
a primary increase in sodium reabsorption in the loop of 
Henle without appreciable decrease in proximal tubular 
reabsorption. However, under such circumstances any in
crease in TiT,o would be expected to be accompanied by a 
fall in urine flow and in sodium excretion. The association 
of an increasing T~20 with an increased urine flow and 
sodium excretion (without significant change in its filtered 
load) as noticed in the present study in the hydropenic group 
suggest that the main action of prednisolone was depression 
of sodium reabsorption in the proximal tubule. 

In the absence of antidiuretic hormone it is assumed that 
the distal nephron is maximally impermeable to water, and 
therefore that the urine volume is a close approximation of 
the quantity of tubular fluid escaping reabsorption by the 
proximal tubule. Thus V/GFR represents the fraction of 
glomerular filtrate which is delivered to the distal tubule 
and an increase in V/GFR is representative of a decreased 
proximal tu bular reabsorption of glomerular filtrate (9, 28, 
31). The amount of solute-free water (CH20) generated is 
an estimate of the quantity of sodium removed by the di
luting segment. Changes in C H20 reflect the alterations in 
sodium reabsorption at the distal water clearing sites and 
changes in C H20 + CNa provide an estimate of changes in 
the rate of delivery of sodium to distal sites (9, 30). De
creased sodium reabsorption in the proximal nephron would 
be expected to enhance C H20 during water diuresis because 
more sodium would be presented to the diluting sites for 
reabsorption and also there would be relatively less ADH 
independent backdiffusion of water from the collecting duct 
at high rates of urine flow (I7). Inhibition of sodium re
absorption in the water impermeable distal tubule would 
be expected to decrease C U20 and would have little if any 
effect on urine flow (23, 28, 31). In the present study, the 
infusion of prednisolone to animals with hereditary diabetes 
insipidus undergoing water diuresis induced an increase in 
V /GFR which was associated with an enhanced C.'!a/GFR 
and C H20 /GFR. These observations support further the 
notion that the major acute effect of prednisolone is sup
pression of sodium reabsorption in the proximal tubule. 

In the presence of complete or nearly complete inhibition 
of sodium reabsorption in the distal nephron by diuretic 
agents which have minimal or no effect on the reabsorption 
of sodium in the proximal tubule, the residual reabsorption 
of water and sodium represents predominantly proximal 
tubular reabsorption (7, 8, 10). Additional marked changes 
in urine flow and sodium excretion without significant 
changes in GFR during distal tubular blockade as observed 
in the present study in grouj! .3 could be due to direct in
hibition of sodium reabsorption in the proximal tubule by 
prednisolone. The rdatiyely low percent of filtered sodium 
excreted during the control collections (CNa/C In 9.45 ± 
2.97 ILl/min) deserves special consideration. 

Micropuncture data in rats indicate that 65 % of glomcr
ular filtrate are reabsorbed in the first 66 % of the proximal 
tubule (16, 21). These results apply only to the two-thirds 
of the proximal tubule which are accessible to micropunc
ture, whereas the fraction of filtrate reabsorbed along the 
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entire length of the proximal tubule remains to be deter
mined. Moreover, the results obtained by micropuncture 
may represent only the subcapsular but not the deeper 
nephrons (13). The reabsorption of sodium in the proximal 
tubule is affected by changes in salt and water balance. In 
recently reported micropuncture study, thc fraction of 
glomerular filtrate reabsorbed in the accessible portion of 
the proximal tubule reached 85 (X, (TF /P 6.5) in salt
depleted rats (4). It is therefore likely that the percent of 
filtrate reabsorbed along the wholc length of the proximal 
tubule in salt-depleted rats may be dose to 90 %. Under 
such circumstances only 10 % of glomerular filtrate are 
available for excretion in the urine during distal tubular 
blockade. It appears therefore that the validity (or inva
lidity) of distal tubular blockade may be ascertained only 
when the fractional reabsorption of sodium in the proximal 
tubule is known. The relatively low percent of filtered so
dium which was excreted in our rats during distal tubular 
blockade could be accounted for by two possible alterna
tives: 1) the fractional reabsorption of sodium in the proxi
mal tubule was high possibly due to a state of :-:odium de
pletion induced by urinary losses during the long equilibra
tion period. An additional amount of sodium was exchanged 
for potassium in the distal tubule and was not mcasured in 
the final urine in the present study. 2) The distal tubular 
blockade was incomplete and significant amounts of sodium 
were reabsorbed in the loop of Henle and in the distal 
tubule. Another important question pertinent to the ex
perimental use of distal tubular blockade is the reported 
inhibitory effect of ethacrynic acid on the proximal reab
sorption of sodium (8). Earley and Martino (7) expressed 
the notion that even though ethacrynic acid has a certain 
effect on sodium reabsorption in the proximal tubule, this 
part of nephron may still respond to other factors which 
alter sodium reabsorption at this site. 

Although early observations questioned the effectiveness 
of ethacrynic acid as a diuretic in rats, in which case the 
natriuresis seen in the animals of grouj) .3 might represent 
soley the effect of chlorothiazide, recently Deetjen et al. (4) 
dearly demonstrated that ethacrynic is a highly potent 
diuretic in rats when given at a dose comparable to that 
which we used in our study. 

Our present findings are in agreement with previously 
reported observations in which glucocorticoids have been 
shown to increase acutely free water reabsorption in hydro
penic subjects (19, 35) and in hydropenic dogs (18). The 
absence of an increase in urine flow and sodium excretion 
in these studies could be due to an avid reabsorption of 
sodium in the distal nephron resulting from a delayed so
dium-retaining effect of the steroid. The fact that our 
studies were conducted over a shorter time and the clear
ance periods were of shorter duration as compared with 
those in the cited studies may explain the differences in the 
rcsults :\Ioreover, the relatively highcr dose of glucocorti
coids (per body wt) employed in the present study could 
decrease the proximal reabsorption to the extent that the 
distal mechanism was not capable of coping with the ex
cessive amounts of the delivered filtrate leading to an in
creased urine flow and an increased urinary excretion of 
sodium. 

As demonstrated by the results of the experiments with 
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animals subjected to distal tubular blockade, large doses of 
glucocorticoids may potentiate strikingly the preexisting 
effect of distally acting diuretics. This action, if also proved 
in human subjects, may be of certain value in treating clini
cal conditions of salt and water retention. 
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