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ABSTRACT

Lean and obese¢ male spontancously hypcrtcnsivc(SHR/Mcc—cp) rats were fed a ground

rat chow diet with or without 0.001% estrone added from 6 to 18weeks of age. Urine

samples were collected weekly with 24hour fasting. Both control lean and obesc rats showed

significantly higher urinary protein than their estrone treated counterparts. Treatment with

0.001% estrone diet was found to reduce the proteinuria in the maruring lean and obese

SHR/Mcc-cp rats. Peaks in urinary prorein level were noted at 16wecks of age in both

lean and obese control rats. Both control and estrone treated lean rats showed higher proteinu-

ria than the obese rats. Therefore, obesity does not appear to be a contributing factor to

the proteinuria in young male SHR/Mcc-cp rats.
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INTRODUCTION

Sexual dimorphism in the development of dia-
betes and diabetic complications has been reported
in many studies™®. Renal disease is one of the
common problems in diabetes!®1?), Proteinuria re-
flects changes in renal function and morphology®
11)13)14)

Sexuval dimorphism was also shown in renal di-
sease in some genctically hypertensive rat strains’®
15) Abraham and Michaelis?) reported that spon-
tancously hypertensive and obese male(SHR/N-
cp) rats showed more severe renal discase state
than obese female rats. Our preliminary aging study
also revealed that both obese and lean male
SHR/Mcc-cp rats excreted more urinary protein

than both types of female rats at the various ages
15)
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There were several studies with female sex hot-
mone treatment, which resulted in a decrease in
diabetic lesions'®'?). Hoversland et al®. reported
that obese SHR/Mcc-cp females treated with ta-
moxifen, an anti-estrogen, showed a more impaired
glucose tolerance pattern compared to the untrea-
ted rats. Therefore, female sex hormone may play
a role in the suppression of diabetic renal lesions.

Several studies found that genetically obese rars
showed significantly higher proteinuria than their
lean littermates, representing abnormal renal func-
tion!?). Spontaneously hypertensive SHR/Mcc-
cp rats also showed marked proteinuria in both
obese and lean males in the previous studylj). The-
refore, this study has investigated the effect of
estrone treatment and age of animal on proteinuria

in the obese and lean male SHR/Mcc-cp rats.
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MATERIALS AND METHODS

Experimental animals

Six week old lean and obese male SHR/Mcc-
cp{Mcc originated from the name of Dr. McCune
who developed this strain) rats were used. Bach
of 12 lean and 8 obesc male rats were divided
into control and estrone treatment group by syste-
matized block design according to the initial body
weight. The average initial body weights in control
lean and estrone treated lean male rats were 131+ 8
g and 133+ 6g respectively. The average initial
body weights in control obese and estrone treated
obese male rats were 159+ 14g and 162+ 8g respe-
ctively. Lean and obese male rats were from two
families respectively. Animals were caged in 2 tem-
petature-controlled room with a 12 hour light cycle

from 6 am. to 6 p.m.

Diet and experimental period

Animals were fed water and diet ad libitum.
Control rats were fed regular Agway Prolab rat
chow, and estrone treated rats were fed ground
Agway Prolab rat chow containing 0.001% estrornc
from 6 to 18 weeks of age. To make 0.005% est-
rone diet, 50mg of estronc(Sigma, St. Louis, MO)
was solubilized in 200m! acetone, mixed with 1kg
ground rat chow, air dried, and then kept at room
temperaturc. 0.001% estrone diet was made by di-
luting 0.005% estrone diet with ground diet before
feeding to rats.

Urine collection and analysis

a 24hour urine sample was collected in an erlen-
meyer flask while the rats were in metabolic cages
with ad libitum access to water but no food. So-
dium fluoride{0.3ml of 25mg/ml) was added into
the flask to prevent bacterial growth in the urine.
Urine volume was measured with a graduared cyli-

nder. The urine sample was centrifuged at 1900

X G for 10minutes. Urinary protein was determi-
ned by the method of Bradford®. The amount
of urinary protein was expressed as mg protein/to-
tal urine collected for 24h0urs(mg/24h).

Statistical analysis

Statistical differences between treatment and co-
ntrol groups and between lean and obese groups
were assessed by unpaired Student t-test. The level
of significant probability was p<0.0522).

RESULTS

No significant difference was found in the ave-
rage initial concentration of urinary protein bet-
ween control and estrone treated lean male rars
(Fig. 1). After one week of estrone treatment,
lean rars showed 2 significantly lower urinary pro-
tein than the conerol leans for the entire experi-
ment. Control lean rats exhibited a very high peak
(47.0+ 9.9mg/24h) in urinary protein at 2weceks
of treatment(8weeks of age) 3 the urinary protein
levelled off and around 30mg/24h throughout the
remainder of the experiment cxcept for another
peak at the 10th week (16weeks of age). Estrone
treated lean male rats did not show the high peak
at 2weeks and showed 2 peak in protein excretion
at 10wecks of treatmenr. Estrone treated lean rats,
from 9th weck to the end of experiment, seemed
to be less responsive to the treatment although
their urinary protein was significantly lower than
that of control lean rats at all times.

The urinary protein content of control obese
male rats was much higher than that of estrone
treated rats(Fig. 2). After Sweeks of treatment,
estrone treatcd obese rats exhibited significantly
lower urinaty protein than the controls. The uri-
nary protein in obese controls increased at 10wecks
like lean rats. Although the urinary protein in con-
trol obese males declined at 11 and 12weeks, it
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Fig. 1. Estrone effect on urinary protein in lean male rais Each value is mean+ SE of 6 rats.

“The level of significant probability is p<(0.03.
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Fig. 2. Estrone elfect on urinary protein in obese male rats Each value is mean® SE of 4 rars.
“The level of significant probability is p<(0.05.

was significantly higher compared to that of cst-
rone treated obese males.
In control groups, lean rats showed significantly

higher urinary protein excretion than obese rats

from 7 to 13weeks, and no significant difference
was found from 14 to 18weeks of age(Table 1).
Frm the beginming to the end of the experiment,

in estrone treated rats, the urinary protein of obese
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Table 1. Urinary protein of lean and obese control

rats

Estrone Effect on Proteinuria

Weeks of treatment Lean(n=6)

Obese(n=4)

mg/24h
o 4.9+19 2.6+ 0.5
1 14.6+ 2.7 51+ 1.9°
P) 47.04 9.9 9.7+ 4.6°
3 29.7+ 2.1  10.6+ 4.5
4 297425 107+ 4.3
5 274419 181+ 2.5
6 28.9+2.8 1.7+ 3.17
7 98.4+ 1.7  21.9%& 2.1%
8 28.6+8.9 287+ 5.2
9 810+%.6 2954102
10 49.9+ 6.5  53.9% 6.3
11 308+5.2 208+ 4.6
12 308+ 2.9  28.84 4.3

All values are meanz SE

1) 6weeks of age at the beginning of experiment

“The level of significant probability is p<(0.05.

Table 2. Urinary protein of lean and obese estrone

treated rats

Weeks of treatment Lean(n=6) Obese(n=4)
mg/24h

oV 3.1£0.9 2.0+ 0.6
1 7.5+14 2.6+ 1.2%
2 8.7+ 2.1 2.0+ 0.2*
3 9.0£2.0 1.0+ 0.5
4 9.9+ 54 1.8+ 0.4
5 9.1+£2.8 42413
6 10.9£ 3.6 2.5+0.6
7 125+ 2.1 4.0+ 1.0"
8§ 7.6+1.9 6.1%2.7
9 12.6+ 0.7 8.4% 3.7

10 245+ 1.6 6.7+ 2.3%

1] 19.3+7.4 9.2+ 4.8

12 17.4+ 2.9 10.2+£ 3.4

All values are meant SE

1) bweeks of age ar the beginning of experiment

*The level of significant probability is p<(0.05.

males tended to be lower than that of lean males
(Table 2). Significant differences were found at
1~3, 7, and 10weeks of treatment. The difference
in urinary protein berween lean and obese rats
was greater in the control rats compared to that
of the estrone treated rats during the earlier stage
of experiment. Estrone scemed to be more cffec-
tive in decreasing urinary protein in the obese rats
in the last few wecks of the experiment.

DISCUSSION

Proteinuria is one of the common indications
of renal injury. Quantitative and qualitative analysis
of the urinary protein reflects the severity and
type of glomerular injury'®. Urinary proteins are
mainly derived from the blood plasma by glomeru-
lar filtration followed by an escape from reabsorp-
tion?. Estrone treatment may protect kidneys
from the morphologic or functional deterioration
in male SHR/Mcc-cp rats since estrone treated rats
showed significantly lower urinary protein than
the conrrol animals in both lean and obese groups.
The exact mechanism of estrone treatment that
lowered urinary protcin in the male rats can not
be elucidated from rthe present study. However,
one of the possible reasons why there seemed to
be more effect in the obese male may be related
to change in glycosylation of protein. Estrone trea-
ted obese rats showed lower glycosylated hemoglo-
bin than the control rats in our previous study®®).
Glycosylation of proteins including albumin, im-
munoglobulin, or hemoglobin is enhanced in dia-
betic subjects?*2). Microalbuminuric diabetic pa-
tients excreted more glycosylated albumin compa-
red to nonglycosylated albumin in the urine, reflec-
ting increased permeability and urinary clearance
of protcin by glycosylation®. Kennedy et a2,
implied thar nonenzymatically glycosylated plasma
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protein may develop glomerular basement memb-
rane thickening, resulting in diabetic nephropathy.

Another alternative hypothesis may be related
to levels of atrial natrinretic factor({ ANF). The
ANF level was lower in estrone treated lean male
rats than control rats in our preliminary studies(S.
McCune . unpublished data). Suenaga ct a2’ de-
monstrated that ANF plays an important role in
the regulation of urinary protein excretion in the
essential hypertensive patients. They suggested that
ANF seems to change the permeability of glome-
rular capillary wall to plasma protein, to reduce
renal vascular resistance, or to inhibit reabsorption
of protein filtered through the glomernlus. ANF
is an important peptide in vasodilation and may
increase protein filtration in the kidney?®.

When considering the fact that protein excre-
tion was greater in the lean rats than in the obese
rats, it scems that obesity per se does not affect
proteinuria in the male SHR/Mcc-cp rats aged 6~
18weeks. In contrast to our findings, male obese
SHR/N-cp rats at 19weeks of age excrered more
protein than their lean countcrparts”) . however,
these rats were on refined high starch diet and
our rats were only on regular chow. Lean SHR/N-
cp male rats also showed lower urinary protein
than our SHR/Mcc-cp lean male ratsi®. Velasquez
et al'®. found that their obese rats showed signifi-
cantly lower glomerular filtration rate than lean
rats as measured by creatinine clearance, represen-
ting lowered kidney function. However, our non-
diabetic lean male rats were more prone to severc
proteinutia at an early age compared to the obese
male rats.

Another possible reason that estrone treated
males excreted less protein than non-treated males
in the urine may be due to zalpha-2-globulin which
is a male specific, low molecular weight, and major
urinaty protein in the marure male rat? 31 He-

patic synthesis of alpha-2-globulin is regulated by

androgen, glucocorticoids, thyroxine, growth hor-
mone, and insulin®®?V. In some preliminary stu-
dies, male obese rats had lower testosterone levels
compared to the lean males(R. Hoversland © un-
published data). Therefore, since the testosterone
level can regulate alpha-2-globulin synthesis and
excretion, this might be an explanation of why
young obese male rats excreted less urinary protein
than young lean male rats. Estronc may decrease
the proteinuria by affecting the synthesis of alpha-
2-globulin by opposing testosterone action 3 the-
refore, it may be part of the reason that estrone
treated rats cxhibited less proteinuria. Female
SHR/Mcc-cp rats did not show proteinuria when
they were under 18weeks of age, and older female
rats showed much lower proteinuria than males
at the same agclj). Abraham and Michaelis*? also
found cthat proteinuria was milder in the female .
SHR/N-cp rats with same renal alterations compa-
red to the male rats.

In conclusion, estrone treatment decreased pro-
teinuria in both lean and obese rats, and obesity
per se is not a factor to increase proteinuria in
growing male SHR/Mcc-cp rats. In both lean and
obese control rats, peaks in urinary protein level
were obscrved at 8 and 16weeks of age. To unders-
tand the exact mechanisms of cstrone action on
urinary protein excretion in trelation to glycosylated
protein, ANF, alpha-2-globulin, and plasma lipid

level, further studies are in progress.
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ooz ZvHp<0.05). Y% HE esrone A 0)F 1FHE cswone Mol FE =T
Wl ako] ol Hls) A A FelX ] AlFAA A sFREE FAF Aol Bt
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