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Effects of chronic exercise on renal function in 5/6 nephrectomized
spontaneously hypertensive rats (SHR)

Xue-Min WU, Masahiro KOHZUKI, Masahiro KAMIMOTO, Kazunori YOSHIDA,
Takao SAITO*, and Tokutaro SATO

* Department of Blood Purification, Tohoku University School of Medicine, Miyagi, Japan

We assessed the renal effects of chronic treadmill exercise in the remnant kidney model of chronic
renal failure. Eight-week-old spontaneously hypertensive rats (SHR) were subjected to 5/6 nephrectomy
by removal of the left kidney and infarction of two thirds of the right kidney. We performed two series
of experiments. Firstly, we investigated the renal effects of chronic mild treadmill exercise in 5/6
nephrectomized SHR. The SHR were divided into 2 groups . a non-exercising group(Non-Ex) and a
group conducting mild treadmill running at 20 m/min 0° grade for 30 min(Mild-Ex) 5 times/week for 4
weeks. Secondly, we investigated the effects of moderate or severe treadmill exercise in the rats. The SHR
were divided into 3 groups . a non-exercising group(Non-Ex), a group conducting moderate treadmill
running at 20 m/min 0° grade for 60 min (Moderate-Ex) and, a group conducting severe treadmill running
at 35 m/min 0" grade for 60 min (Severe-Ex) 5 times/week for 4 weeks. Chronic treadmill exercise
significantly attenuated the increase in proteinuria and serum total cholesterol levels intensity-dependently.
These results were confirmed by morphological analysis of the kidneys. Moderate-Ex provided significant-
ly effective protection against an increase in focal glomerular sclerosis. These results indicate that exercise
did not worsen renal function and in contrast, suggest a renal-protective action in this rat model.

Jpn J Nephrol 1999 ; 41 : 35-42.
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6 iy O HEME B ME B A FEE 7 v b (SHR) (Charles
Japan)48 [C % Al v 7z, IEE &
(Funabashi Farm, Chiba, Japan) 2#5 L, & - fikk
HICEBEI L, T~10 B0 2> bo—ViflE & o7
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E -« IE LT,

(B 1) SHRETL7 v b RIZTREESGOEN
R

1288, SHR BTr£7 v b 2IEEB) A RS (Non-Ex,
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AR ETo 7,
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River Japan, Atsugi,
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Fig. 1.
systolic blood pressure in spontaneously
hypertensive rats (SHR) with renal fail-
ure

Non-Ex is non-exercising group. Mild-Ex is mild

exercising group. Results are means £ SEM.

Chronic effect of mild exercise on
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(UEDA UR 5000 ; Ueda Industries Co., Tokyo, Japan) iz
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H, 7V»73y, BUN, v 7F =y, BaVvAFTuo—
v, thiEfgltid autoanalizer (Synchron CX-3, Clinical Sys-
tem, USA) iz THIE L 72,

BE#H ik, 7 X T meanktSEM TR L 7z, #5112
StatView 4.5(Abacus Concepts Inc., USA) Z T, EE
1, B2 & bz, MKE/YE T —F 1 unpaired t-test i
T, &7, R, SBP 7= BL TRHEHBOLHOH
EEOEHIIELABSHZTY, ZERORBD ohGE
WKWIEHBOEEEDEE% F-test iIZ TFEAIE L 72, p<
0.05 Z#EFHERNCHEEED D LHE L1,
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Fig.2. Chronic effect of mild exercise on body weight,
water intake and urine volume in spontaneously
hypertensive rats (SHR) with renal failure

Non-Ex is non-exercising group. Mild-Ex is mild exercising

group. Results are means = SEM.
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Fig.3. Chronic effect of mild exercise on urinary pro-
tein excretion, urinary sodium excretion and urinary
potassium excretion in spontaneously hypertensive
rats (SHR) with renal failure

Non-Ex is non-exercising group. Mild-Ex is mild exercising

group. Values are means®SEM.

Fig. 1ic i 4 BOEBIAMPETFL Tz 7 v~ OULEHHE
HIME#R LTz, Fig | TR 28T Y Po—
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Table 1. Chronic effect of mild exercise on plasma albumin, plasma BUN,
plasma creatinine, plasma total cholesterol, plasma triglyceride and
glucose in spontaneously hypertensive rats (SHR) with renal failure

BUN CRE GLU P ALB CHOL
(mg/dl)  (mg/dl  (mg/dl)  (g/dl)  (g/dl)  (mg/dl)
Non-EX 57.2 0.8 137.0 5.6 1.4 56.2
(n=5) £ 6.0 +0.1 +6.4 +0.1 £0.0 £ 35
Mild-EX 53.3 0.7 134.5 5.5 1.5 49.1
(n=8) +10.7 +0.1 +5.38 +03 *0.1 * 14

Non-Ex is nen-exercising group. Mild-Ex is mild exercising group. Results are

means = SEM.
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Fig.4. Chronic effect of moderate and severe
exercise on systolic blood pressure in sponta-
neously hypertensive rats (SHR) with renal
failure

Non-Ex is non-exercising group. Moderate-Ex is

moderate exercising group. severe-Ex is .severe

exercising group. Results are means = SEM.
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T 2 BT 20%U O BWIEA EZD S5 LFIER
FRE A0, FREHIRETO SBP 23 310mmHg bH-o72 2
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& BB £ 1 CEE 3B b & UUEERAME A8 TR % T
L7298, Mttt BB I a7,

FEEZ-IHEEEHETSSHRELRL2Z v b OF
B, fUkE RECKkFTEEE FigSwwrll, EEH
B ThEE & AR ESAR IIKE, JUkE, R
BCIHERIC L 2BEEE(LEREFEE oMz, —H, F
S EEENARSRESFIME, R Na, Kl
fic g% Fig 6 2R L7z, Non-Ex IZbb~T,
S ¥ L EEER A IR Na, K PEittE i i3EEc &
ZEELRELEPRIZE B oML, REATENME
&, Non-Ex bt LhEE B L UEEEB AT THS »
i ISR BBREZ s h (ZhEh ANOVA p<0.01),
DEE»SEETH 1, PEES L EEER AR T
WERERD Do, Table 217, EERK TS TR
L 7z Non-Ex, Moderate-Ex ¥ 7z |% Severe-Ex D 7 )L 7" &
v, BUN, 2V 7F =y, BavAso—)l, gl
RL7z, BUN, M7 v7F = i3BEhEE, i Moder-
ate-Ex TRMETH o708, BEEEWCZEL kol —
%, MR vAFo— VI EEMEECTETL,
Severe-Ex T iZ Non-Ex 2 flbk R TEBE R4 L 72(p<
0.001), IMHE, rhiEkBERS, M7 A7 2 B L TiES
L A2EBELZERZIRD B 72,

Table 3 iR L7z & 51, B REREERICITERICL 2
FELSERERD S Loz b D0, BREBAEFECEEKIT
Moderate-Ex T3 Non-Ex iZ tb_ T ZE B iR A U 72 (p<
0.05)
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Fig.5. Chronic effect of moderate and severe exercise

on body weight, water intake and urine volume in
spontaneously hypertensive rats (SHR) with renal
failure
Non-Ex is non-exercising group. Moderate-Ex is moderate
exercising group. Severe-Ex is severe exercising group.
Results are means = SEM.
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Fig. 6. Chronic effect of moderate and severe exercise
on urinary protein excretion, urinary sodium excre-
tion and urinary potassium excretion in spontaneous-
ly hypertensive rats (SHR) with renal failure

Non-Ex is non-exercising group. Moderate-Ex is moderate

exercising group. Severe-Ex is severe exercising group.

Results are means+SEM. *p<0.05 compared to values in

Non-Ex. T p<0.005 compared to values in Non-Ex.
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Table 2.

Chronic effect of moderate and severe exercise training on

plasma albumin, plasma BUN, plasma creatinine, plasma total choles-
terol, plasma triglyceride and glucose in spontaneously hypertensive rats

(SHR) with renal failure

BUN CRE GLU
(mg/d!) (mg/dl) (mg/dl) (g/dl)

TP ALB TG CHOL
(g/d!) (mg/dl) (mg/di}

Non-EX 64.6 Il 163.3
(h=11) + 6.7 +0.1 +5.0
Moderate-EX 46.4 0.8 145.9
(n=8) + 3.8 £0.1 4.7
Severe-EX 57.5 0.9 156.9
(n=9) + 74 +0.1 +6.7

6.2 |.6 104.4 63.6
+0.1 £00 142 x27

6.4 1.7 98.6 61.3
*0.1 00 * 84 25

6.4 1.5 124.7 48.1
+0.1 00 =111 *1.77

Non-Ex is non-exercising group. Moderate-Ex is moderate exercising group.
Severe-Ex is severe exercising group. Results are meansxSEM. 'Tp<0.001

compared to values in Non-Ex.

Table 3.
exercise training on glomerular volume (GV)
and focal glomerular sclerosis (FGS) in spon-
taneously hypertensive rats (SHR) with renal

Chronic effect of moderate and severe

failure
GV (10%xm?) FGS(%)
Non-EX{(n=11) 0.92+0.03 50.1 +5.9
Moderate-EX (n=8) 0.94+0.03 31.2£5.1*
Severe-EX{(n=9) 0.84+0.04 493+5.2

Non-Ex is non-exercising group. Moderate-Ex is mod-
erate exercising group. Severe-Ex is severe exercising
group. Results are means £ SEM. *p < 0.05 compared to
values in Non-Ex.
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