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Abstract.The effects of dietary soy protein compared to caselass P = 0.0001) kidney water. Analysis of interactions be-
were examined in male and female CPdypcy (pcy) mice tween main effects revealed that the effects of soy protein on
with polycystic kidney disease. Animals 10 wk of age were fekidney size were significant only in females, and that effects of
purified diets containing either soy protein isolate or casesoy protein on cyst score were significant only in animals on
given at a level of 17.4 or 6% protein. After 13 wk on the dietdhe low protein diets. In addition, differences in kidney weights
body weights and serum concentrations of albumin and proteind cyst score due to protein reduction were significant in
indicated that protein nutrition was adequate on all dietanimals fed soy protein, but not in those fed casein as the
Overall, animals fed soy protewersuscasein had 28% lower protein source. These results show that both dietary protein
(P = 0.0037) relative kidney weights (g/100 g body wt), 37%ource and level significantly affect polycystic kidney disease
lower (P = 0.0089) cyst scores (% cyst argarelative kidney in pcy animals, with the effects of dietary soy protein being
weight), and 25% lesd(= 0.0144) kidney water (g). Dietary most pronounced in female animals fed the low protein diets
protein reduction resulted in 30% lowd? & 0.0010) relative and the effects of protein reduction being most pronounced in
kidney weights, 25% loweR = 0.0327) cyst scores, and 35%animals fed soy protein-based diets.

Autosomal dominant polycystic kidney disease (ADPKD) oailation that can reduce the development of renal cysts and
cursin 1in 400 to 1 in 1000 people in North America, makingrolong survival without negatively affecting body growth

it one of the most common genetic diseases and the m(). Studies in animal models of PKD indicate that reduced
frequently inherited nephropathy. The genetic locus respongietary protein intake early in the disease process significantly
ble for approximately 85% of cases is found on chromosometards the progression of disease (7-10), suggesting that re-
16 (PKD1) and for most other cases on chromosome 4 (PKD@iction of protein intake in patients with nonazotemic PKD
A third locus also has been reported (reviewed in referenaggy be a very important mode of treatment for this disorder.
(1-3) ). The considerable variation in the development of thigith the advent of the potential for genetic screening for PKD,
disorder, however, even in related individuals with the samgsitive diagnosis can be made long before any apparent de-
genetic lesion, suggests that modifier genes and/or envirqgrioration in renal function occurs; this would allow time for
mental factors also influence the progression of this diseasgppropriate diet therapy to have an impact on disease progres-

The progression of cystic renal disease in many animghn.

models of PKD can be altered by adding specific non-nutritive another potential therapeutic approach to PKD involves
compounds to the diet or by manipulating the constituéNigering the type of dietary protein. Two recent reports indicate
already present in the diet. Compounds added to the diet thad; gietary soy protein reduces renal cyst growth in animal
ameliorate P_KD in animal models include enalapril, losartapg,qqdels of PKD (11,12). Plant protein derived from soybean
methylprednisolone, and HGO(4-6), whereas NECI and 5y have unique effects on this renal disease, as soy-based
NaCl (4,6,7) worsen the disease. Dietary restriction df Kgiets have been shown to have beneficial effects on the kidney

accelerates PKD, while restriction of NaCl or protein delays i humans (13-15) and in some animal models of renal dis-

progres;ion (4’7_1.0)‘ O f _these dietary qu?ficati(_)ns, reducﬁ%’&ses (16,17). Soy protein contains phytoestrogens; these may
in protein content is significant because it is a dietary manigia ence the steroid hormone balance, which appears to play a
role in some models of PKD (18-20).
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Disease progression in the Han:SPBPrat model of PKD of the feeding period, serum was collected, and kidneys and livers
also is influenced by gender and steroid hormones (19,20/gre removed, weighed, and immediately frozen in liquid nitrogen.
suggesting that hormonal influences play a role in the progres-
sion of this disease. Laboratory Analyses

The studies described herein tested the hypothesis that alfhe left kidney was lyophilized to determine water content. The
tering dietary protein level and protein source has differefight kidney was fixed in alcoholic Bouin’s reagent and embedded in
effects on disease progression in male and female animals. RgEaffin blocks. Sections (4m) were mounted on slides and stained

examined the effect of dietary soy protein in conjunction WitWith periodic acid-Schiff for visualization. Morphometric analyses of
the effect of protein restriction (to a low, yet growth-maintainr-andomly selected sections were performed using an Olympus BX60
’ icroscope equipped with a Dage MTI CCD72 camera with a com-

ing level) early in the dlsease' process in male and fem fiter interface. A trained, blinded observer performed the image
CDl'-pr'pC)./ (pcy) mice, an animal _mOdel of P_KD' Theseanalysis using Microcomputer Imaging Device software (Imaging
studies indicate that gender and dietary protein source &&search, Inc., St. Catharine’s, Ontario, Canada). At an object-to-
important factors in the ability of reduced dietary protein intakécreen magnification 0k470, cyst area was determined from non-

to retard the progression of PKD. overlapping fields until the entire kidney section was covered. To give

an estimate of cyst volume, cyst area was multiplied by right kidney
Materials and Methods weight divided by body weight; this was referred to as cyst score.
Animals Total serum protein was determined by the method of Bradford (30),

. . . . and serum albumin was measured using Sigma kit 631 reagents
The animal experimental protocol was in accordance with tl-ggi ma, St. Louis, MO). Serum urea nitrogen (SUN) and creatinine
National Institutes of Health Guide for the Care and Use of Labora= 92 =% ' ) 9

tory Animals and was approved by the University Animal Care an%oncentrations were determined using reagents from Sigma kits 640
Use Committee. Breeding pairs of tipey mouse model of PKD and 555, respectively.

(27,28) were obtained from V. H. Gattone Il, University of Kansas . .

Medical Center. Male and femafgey mice were weaned at 4 wk of Statistical Analyses

age and housed in temperature- (22 to 24°C), humidity- (50 to 60%Data were analyzed by ANOVA of a2 2 X 2 design. Normality

relative humidity), and light- (12-h light/dark cycle) controlled conof the data was tested using the Shapiro—Wilk's W test. If necessary,
ditions. data were normalized by logarithmic transformation. Data are re-

ported as untransformed meahsSEM. Differences and interactions
were considered significant & < 0.05. Where interactions were

Diets and Experimental Protocol >~ . ,
. ; . . ignificant, contrasts were used to determine differences between
At weaning, all experimental animals were provided the (contro%mple effects

AIN-93G rodent diet (29) and were maintained on this diet until 1
wk of age. Food and water were consumead libitum All diet
ingredients were purchased from Dyets, Inc. (Bethlehem, PA). At BESU_HS

wk of age, a time point well before any clinical symptoms of rendr 'otein Source Effects

cystic disease appear in this model of PKD (26), a total of 48 animals The dietary source of protein had a significant effect on the
were placed on one of four isocaloric diets. These diets containg@e and fluid content of the total kidney and the proportion of
either 17.4 g protein per 100 g diet (normal protein, NP§ g protein the kidney that was occupied by cysts. Overall means for
per 100 g diet (low protein, LP); protein was derived from eitheprotein level, protein source, and gender effects are shown in
casein or soy protein isolate. Six male and six female animals wergples 1 and 2, and individual group means are shown in
placed on each diet, resulting ia 2 (protein levels)<2 (protein  graphs of relative kidney weight (Figure 1), cyst score (Figure
sources)X2 (genders) study design. The diet with the NP level i@ , kidney water content (Figure 3), and SUN (Figure 4). In all

which casein was the protein source is the (control) AIN-93G rodegt. . : - - .
. : o : _ “animals f | ntainin rotein isol he protein
diet; details of this diet have been published by the American Socnegt& als fed diets containing soy protein isolate as the prote

. . N . .
of Nutritional Sciences Committee on Rodent Diet Composition (Z%rce, 'kldrégy Welght§ yvere 284) IOWﬁr than !n all an'mzl,z
The other diets were identical except that casein was replaced with suming diets containing casein as the protein source. Kid-

equivalent amount of protein from heat-treated soy protein isolate R¢Y Weights expressed relative to body weights also were 28%
the soy-based diets, and protein was replaced by an equivalent amé@Wer in animals fed diets containing soy protein compared
of carbohydrate in the LP diets to maintain equal energy density of tWéth casein. The main effect of protein source for both absolute
diets. Notably, phosphorus levels were similar in both protein sources)d relative kidney weight was highly significant. However,
resulting in similar levels of phosphorus in casein- and soy-based dibtscause there was a significant interaction between protein
(calculated to be 3504 and 3492 mg/kg in the casein- and soy-bagefirce and gender effects, simple effects were analyzed. Figure

NP diets, respectively). Animals were fed the experimental diets for shows that the effect of soy protein on kidney size was
13 wk and weighed biweekly. Food and water intake were determin?fbnificant only in female animals.

during weeks 6 and 10 of this feeding period. During each of these . . .
weeks, food intake was determined for three successive 48-h periqd In addition to having less enlarged kidneys, the area of the

. . 0 . .
Food cups containing fresh food each time were weighed at ik'eaney occupied by cysts was 19% lower in animals fed soy

beginning and end of each 48-h period. Food intake was calculatedi:ﬂryg)teln compared with Case'r_" E)famples of kidney sections for
determining the difference in food cup weights, adjusting for ar§@ch treatment are shown in Figure 5. Cyst score also was
spillage that occurred. Water intake was calculated during these wegRéculated by multiplying cyst area by the right kidney weight
by measuring the difference in water bottle weights at the beginnifiglative to body weight to give an estimate of cyst volume.
and end of the weekly change of water. Animals were killed at the e@Verall, cyst score was 37% lower in animals fed diets con-
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Table 1. Overall effects of dietary protein level, dietary protein source, and gendazyimice

Protein Level Protein Source Gender
Parameter SEM
Normal Low P Value Casein Soy PValue Male Female P Value
Body weight (g) 37.0 35.5 0.2898 36.9 35.6 0.2907 38.5 34.0 0.0009 0.88
Kidney weight (g) 1.44 0.98 0.0002 141 1.01 0.0009 1.41 1.01<0.0001 0.10

Kidney weight/body weiglit 3.94 2.75 0.0010 3.89 2.81 0.0037 3.68 3.02 0.0019 0.20
(9/100 g)

Cyst area (% of section) 283 260 0.3380 300 243  0.0239 279 26.3 0.5107 1.7
Cyst scor&® 059 044 0.0327 0.63 040 0.0089 0.60 044  0.0154 0.07
Kidney water (left only) (g)  0.543 0.351 0.0001 0.510 0.384 0.0144 0.523 0.372.0001 0.041

Food intaké (g/d) 345 390 0.009 357 378 0.1383 3.81 355  0.0831 0.09
Water intaké (g/d) 441 320 0.0046 3.65 396 03529 371 3.90 05611 0.22

& Interaction between gender and protein source; 0.05.

P Cyst score is calculated as % cyst aveaight kidney weight/body weight.
¢ Interaction between protein level and protein souRe; 0.05.

d Average of weeks 6 and 10 of study.

Table 2. Overall effects of dietary protein level, dietary protein source, and gender on serum meaqogmioe

Protein Level Protein Source Gender
Parameter SEM
Normal Low P Value Casein Soy P Value Male Female P Value
Serum creatinine (mg/dl) 0.38 0.40 0.3170 0.41 0.37 0.2028 0.41 0.37 0.0859 0.02
Serum urea nitrogen (mg/dl)  30.7 22.9 <0.0001 295 24.1 0.0002 27.1 26.5 0.3855 1.0
Serum protein gg/ul) 51.1 49.4 0.3699 49.5 51.0 0.4586 49.5 51.0 04313 14
Serum albumin (g/dI) 3.17 3.16 0.8175  3.07 3.26 0.2884 3.01 3.32 0.1484 0.13

taining soy protein compared with casein. However, there ween, indicating that the level of protein intake was similar in
a significant interaction between protein level and proteitasein- and soy-fed animals.
source. Simple effect analysis of this parameter revealed that
the effect of soy protein was significant only in animals on thErotein Level Effects
LP diets (Figure 2). Kidney water content was 25% lower in Dietary protein reduction significantly affected renal size,
animals on the soy protein diets, suggesting less accumulatéyst score, and fluid content pryanimals (Table 1). After 13
of cyst fluid. When expressed relative to total body weightk on the diets, kidneys were 32% smaller in animals on the
(mg/100 @), the kidney water content also was significantlyP diets compared to those on the NP diets. Kidney weights
lower (by 24%) in soy protein-fed animals (data not showngxpressed relative to body weight were 30% lower in animals
Although there were no significant interactions among any oh the LP diets. With respect to cyst score estimates, kidneys
the main effects for kidney water, data on the individual grodpom animals on the LP diets had a 25% lower cyst score than
means (Figure 3) had similar patterns to individual grougddneys from animals on the NP diets. Simple effect analysis,
means for relative kidney weight (Figure 1) and cyst scodkle to interactions between main effects (see above), revealed
(Figure 2), indicating that soy protein effects were greatest that protein level effects on kidney size and cyst score were
females and in animals on the LP diets. significant in the soy-fed animals, but not in those fed casein
Serum creatinine values were not different in animals fg&igures 1 and 2). The amount of kidney water also was lower
these two protein sources, indicative of the fact that this mda-animals on the LP diets, indicating less accumulation of cyst
sure of renal function is not altered pty animals at this age fluid.
(our unpublished observations). SUN values were 18% lowerSUN concentrations were 25% lower in animals on the LP
in all animals fed the soy protein compared with animals fediets compared to those on the NP diets. Although food intake
the casein-based diets. At the end of the dietary treatment, beeys higher in the animals on the LP compared with NP diets,
weights, and serum protein and albumin concentrations wehe total amount of protein consumed was still 61% lower than
similar in animals fed casein or soy protein diets, demonstraite quantity consumed by the animals on the NP diet (23.4 g/d
ing that the quality of the soy protein was adequate to maintaiompared with 60.0 g/d). Despite the lower protein intake, at
growth and provide adequate protein nutriture. Food and watee end of the dietary treatment, body weights and serum
intakes also were similar in animals fed both sources of prprotein and albumin concentrations were similar in animals on



J Am Soc Nephrol 10: 300-308, 1999 Gender Effects of Dietary Soy Protein in PKD 303

6 0.8-
B CASEN Il CASEIN
A [ sov = [ [] sov
£ 2 064
11 4] 1
L= L
= > il * :_
[a) 3
>0 2 04-
25 &
ag2 2]
— 8 =2
¥9 a
3 4 ¥ 0.2
0_
MALE FEMALE MALE FEMALE 0
MALE FEMALE MALE FEMALE
Normal Protein Low Protein ]
Normal! Protein Low Protein

Figure 1. Effects of protein source, protein level, and gender on
kidney size (g/100 g body wt) ipcy mice. There was a significant Figure 3. Effects of protein source, protein level, and gender on
interaction between gender and protein source effééts< 0.05, kidney water content (g) ipcy mice. Main effects of protein source,
protein source effect: significantly different from casein-fed femalgyotein level, and gender are significant. For significance levels, see
given the same level of protein.P*< 0.05, protein level effect: Table 1.

significantly different from soy protein-fed animals of the same gen-

der. "P < 0.05, gender effect: significantly different from soy-fed
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Figure 2. Effects of protein source, protein level, and gender on cyst

score (% cyst arex right kidney weight/body weight) ipcy mice.

There was a significant interaction between gender and protein source

effects."P < 0.05, protein source effect: significantly different fromGender Effects

casein-fed animals of the same gender given the same level of proteirkjdney size, cyst score, and water content also were affected

*P < 0.05 fO_I’ malesP = 0.07 for_females,_ protein level effect: by gender in thepcy mice in this study (Table 1) However,

significantly different from soy protein-fed animals of the same gelirq o \were interactions in kidney size and cyst score analyses

der. "P < 0.05, gender effect: significantly different from soy-fed - .

males given the same level of protein. (as indicated gbove), anq smple effgct analyses revealed that
the gender differences in kidney size and cyst score were
present only in soy protein-fed animals (Figures 1 and 2).

the NP and LP diets, indicating that the animals on all diekgdney water content was 35% lower in female compared with

obtained adequate dietary protein. Serum creatinine valuggle animals. At the end of the dietary treatment, SUN, serum

were also similar in animals on the NP compared with the L&eatinine, serum protein, and serum albumin concentrations

diets. Water intake was 27% lower in the animals on the LRere similar in male and female animals. Food and water

diets. intakes also were similar.

Normal Protein Low Protein
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Figure 5.Four-micrometer kidney sections (periodic acid-Schi5) from male (A through D) and female (E through H) Cpdypcymice.
(A and E) Casein-fed animals on the normal protein diets. (B and F) Casein-fed animals on the low protein diets. (C and G) Soy-fed anime
on the normal protein diets. (D and H) Soy-fed animals on the low protein diets.

Discussion rat and lengthen survival in thgey mouse (7-10). The present
Reducing dietary protein intake has been shown to retard #tedy suggests not only that protein reduction is beneficial in
progression of PKD in thpcymouse and in the Han:SPRE- femalepcymice, but also that the effects of dietary soy protein
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on kidney and cyst size may be greater in fenmdganimals. age (28+ 2.5) and markedly higher at 30 wk of age (122
Other dietary manipulations that influence the progression 88.4) in DBA/2pcy/pcy mice compared with normal DBA
PKD differently in male and female animal models have beenice at these ages (22451.5), all given laboratory chow diets
reported. Substituting dietary fish oil for sunflower seed o{27). Thepcyanimals given purified diets in the present study
reduced the life span of malecy mice, but had no effect on were 23 wk of age at sacrifice, and SUN values in the groups
their female counterparts (21). In Han:SPRP+ats, NH,Cl  of mice ranged from 19 to 34 mg/dIl. The lower SUN values in
loading had a greater impact on relative kidney weights amndgice on the soy protein diets indicate a delay in the progression
SUN concentrations in female compared with male animad$ the disease at this relatively early time point in the disease
(7). process. Although the lower SUN values in animals on the LP
For humans, adherence to a low protein dietary regimeiets may be explained by lower N intakes, this does not
while maintaining sufficient energy intake can be difficult, buéxplain the lower SUN values in the animals fed soy protein
is achievable with only modest changes in the level of dietacpmpared with casein. Differences in SUN levels between
satisfaction (31). Many individuals choose to follow vegetariagroups were consistent with changes in cyst score, renal size,
eating patterns or use specialty low protein products to maigAd water content in all groups, except the males fed the NP
tain a reduced level of dietary protein. Potentially beneficialiets. This suggests that other factors (which remain to be
effects of dietary soy protein have been shown in normal aetucidated) in addition to renal function also may influence
diseased kidneys in humans (13-15), as well as in anin&UN levels. Lower SUN values in soy- compared with casein-
studies (16,17). In addition, long-term feeding of dietary sdgd animals are consistent with recent studies ity mice
protein compared with casein increases life span and decregd43 and Han:SPRRy rats (12). In contrast to the study with
renal pathology in the rat (32). The beneficial effect of soldan:SPRDey rats, however, serum creatinine levels were not
protein on renal enlargement and cyst changes observed in thifferent inpcy mice fed soy compared with casein in both the
study therefore is of interest. These findings are consistent wjgrevious study (11) and in the present study. This is likely due
recent studies with male animal models of PKD (11,12). £ the fact that serum creatinine levels are altered in Han:
study using thepcy mouse showed that dietary soy proteirtSPRD<¢y rats at the age studied (12), but are not altergotcin
compared with casein reduced relative kidney size in maileice compared with healthy animals at the ages examined in
mice when given soy protein at a level of 12% of the diet (11his study and in the previously published study (11).
In the present study, dietary soy effects on kidney size in malesThe estrogen-like compounds present in soy may be in-
were significant in the animals fed 6% protein (LP diets), bwlved in the mechanisms by which soy exerts its effects on
not in the animals fed 17.4% protein (NP diets), indicating thdisease in this model of PKD and may help explain why effects
dietary soy effects may be greater when the level of proteim females are more prominent. Soy products contain isofla-
consumed is closer to the dietary requirement. In a study uswgnoids, including genistein and daidzein, which have estro-
the male Han:SPRRy rat, in which a protective effect of soy genic activity (34,35). Steroid hormone effects on PKD are
protein was demonstrated, animals were younger and the leweplicated, as renal failure occurs approximately 5 yr later in
of protein also was closer to the dietary protein requirement faomen than in men (22-25), although not all investigators
the growing rat. Taken together, these studies indicate that tteve detected gender differences (26). In addition, having three
beneficial effects of the soy protein diet are diminished whear more pregnancies appears to accelerate cyst development
the level of dietary protein exceeds the dietary protein requirg5). In the Han:SPRR@y rat model, cyst development is much
ment by a significant amount. slower in females compared with male animals (36). Castration
The mechanism(s) by which soy protein retards kidneyf the males results in a slower progression of the disease, as
enlargement and cyst growth are unclear. The true digestibg8een in the female animals. Conversely, administration of
ties of casein and soy protein are both high (97 to 98%), sotBktosterone to females causes the disease to progress more
intake on these two diets is similar (33). In addition, the sawpidly (19,20). As models for PKD, glucocorticoids have been
protein was heat-treated to inactivate soybean trypsin inhibitased to induce cysts in rodents, although the steroids must be
activity. The AIN-93G diet that was used in this study alsadministered within the first neonatal week (37). In contrast,
includes supplementation with sulfur amino acids (29), sintke glucocorticoid methylprednisolone has been shown to re-
both casein and soy protein are relatively deficient in thesard cyst progression in several models of PKD when admin-
amino acids. In dietary studies, it is often desirable to includgtered later in life (5). A recent study demonstrated that
a pair-fed group. However, in agreement with a study usidgvastatin given at a dose that reduces serum cholesterol con-
male pcy mice fed soy protein (11), food (and caloric) intakeentrations in obese Zucker rats can delay the development of
was not different in casein-fed compared with soy-fed animalsysts in male Han:SPRDy rats (38). Lovastatin is a 3-hy-
A pair-fed group given the same amount of food as wakoxy-3-methyl-glutaryl CoA reductase inhibitor and, in addi-
consumed by the soy-fed animals, therefore, would be identitian to other effects, may influence the cellular level of cho-
to the casein-fed (control) group. lesterol and its steroid metabolites. Finally, the Ke6 gene is
SUN levels inpcy mice do not increase above normal leveldownregulated in several models of PKD, includimgy, cpk
until later in the progression of cystic disease in these mice. And jck mice (18). Although the precise function of the Ke6
earlier study that characterized they mouse model reported protein is not known, sequence homology and expression pat-
that SUN values (mg/dl) were marginally higher at 18 wk dfern similarities suggest that it is a member of the steroid
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dehydrogenase family, which is involved in hormone inactivamouse was used, whereas in this study the CD1 strajpcyf
tion. Whether the phytoestrogens in soy influence diseasentuse was used. Results from breeding experimentpcgn
pcy mice by altering the hormonal balance remains to bwice demonstrate that disease progression is strongly influ-
elucidated. enced by modifier genes (48). Whether a higher level of

Abnormalities in extracellular matrix metabolism and basgrotein in the NP diet or examining protein reduction effects at
ment membrane components may alter epithelial cell growtham earlier stage of the disease would result in cyst growth
PKD, and appear to cause interstitial inflammation and fibrosthanges similar to previous studies, or whether the gender
(1-3). In this regard, an anti-inflammatory effect of soy proteieffects of soy protein would be present in the DBA strain of the
was recently demonstrated in the Han:SP&Dat model of pcy mouse or the Han:SPREy rat remains to be elucidated.
PKD (19). Inhibition of inflammation appears to reduce cyst Human studies indicate that restriction of dietary protein
growth, as has been shown with methylprednisolone in theay provide a protective effect in established, late renal dis-
Han:SPRDey rat and thepcy mouse (5). Soy isoflavones mayease (49,50). With respect to PKD specifically, a study of
have anti-inflammatory effects since some, such as genistpatients in the advanced stages of renal disease showed that
(39), can inhibit tyrosine kinase activity associated with cyt@ver an average of 3.5 yr, the increase in serum creatinine was
kine and growth factor activation, and can inhibit the prolifersignificantly lower for patients on low protein diets compared
ation of inflammatory cells (40). Tyrosine phosphorylatioo those consuming normal protein diets (51). Likewise, in a
events are important regulators of renal phosphoinositide n#udy of a small number of PKD patients examined for up to
tabolism events (41,42); this intracellular signaling system &3 yr, serum creatinine concentration increased more slowly in
altered in thepcy mouse (43—45). On the other hand, a recepatients on low protein diets supplemented with keto acids
study indicated that addition of genistein to the diets of mat®mmpared with control subjects (52). On the other hand, in
pcyanimals given a high level of dietary protein does not affeshorter term studies, no evidence for a protective effect of
disease progression (11). Therefore, it is unclear whether drotein restriction during late chronic renal insufficiency (in-
etary genistein or other isoflavones play a role in the reportetliding patients with PKD) was found in renal patients on low
anti-inflammatory effects of dietary soy protein. protein diets followed for up to 2 yr (53), or for an average of

It has been suggested that the amino aca@tginine may 2.2 yr (Modification of Diet in Renal Disease [MDRD] study)
mediate the protective effect of dietary protein restriction i(64). When the MDRD data were reanalyzed to examine the
renal disease (46), and that the higher level-afginine in soy effect of actual (as opposed to prescribed) protein intake,
protein may confer its protective effect on renal function (16however, dietary protein restriction appeared to slow the pro-
L-Arginine is a precursor for several products involved in tissugression of moderate renal disease (55). This reanalysis
injury and repair,i.e., nitric oxide, polyamines, and proline.showed that although GFR decline was initially more rapid in
However, not all studies have demonstrated a protective effetients consuming lower protein levels, the subsequent rate of
of L-arginine in renal disease (reviewed in reference (47)), addcline slowed significantly compared to that of control sub-
we have found that addingarginine to a low protein diet for jects. This supports the notion that potential beneficial effects
3 mo does not affect kidney size in adult male or fenmadg of reducing dietary protein intake may not be detected unless
mice (our unpublished observations). observations are made over a longer period of time.

Previous studies using casein-based diets and male animalShe mechanism by which soy protein exerts beneficial ef-
demonstrated significant effects of protein reduction on kidndgcts in pcy mice, especially in females, and whether this
size and water content and PKD progressiopdgmice (8,9), translates into improved survival remains to be determined.
and in Han:SPRDy rats (7,10). The effects of protein reduc-The current study, however, confirms that reduction of renal
tion in male casein-fed animals in the present study, althoughd cyst size in PKD can be achieved in animal models of the
showing similar trends, were not consistent. This may be ddesease, using dietary strategies that preserve normal growth. It
to the fact that the difference in dietary protein level was 11.4%8so indicates that effects of diet therapy on disease may be
(6 versusl17.4 g/100 g diet) in the present study, whereas Bignificantly different in males and females. Although these
previous studies wittpcy animals (8,9) the difference waseffects must be confirmed in human studies before any recom-
15.5% (6versus21.5 g/100 g diet). A smaller difference inmendations can be made, evidence that protein source has a
protein levels may result in smaller differences in cyst growtignificant impact on disease in this model raises the possibility
The level of protein in the present study for the NP level wasf an additional mode of diet therapy.
used because it is the level present in the standard AIN-93G-
purified diet for laboratory rodents (29). In addition, the Ha
SPRDey rat studies (7,10) and one of tipey mouse studies
(8) were carried out earlier in the disease process. Reducir‘]g
protein. intake in the earlier stages of the disease may increaae Grantham JJ: The etiology, pathogenesis, and treatment of auto-
the efflce.lcy of this treatment, alt.hough a drawpack of this somal dominant polycystic kidney disease: Recent advances.
strategy is that the protein reduction also negatively affected Ay j kidney Di8: 788—803, 1996
body growth in these studies. Another factor that may explaiB. Gabow PA, Grantham JJ: Polycystic kidney diseasdiseases
the differences between the current study and previous studies of the Kidney edited by Schrier RW, Gottschalk CW, Boston,
with pcy mice is that previously, the DBA strain of thgy Little Brown, 1997, pp 521-560
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