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A Basic Study of the Efficacy of the Dietary L-Arginine and
Soy Isoflavone-Extracted on the Bone Metabolism in
Ovariectomized Chronic Kidney Disease (CKD) Model Rats

Hidemichi EBISAWA, Misaki IWATANI, Mai ONIKUBO,
Kaho TAKIYAMA, Ayumi TAKEMOTO,
Mizuho MATSUMOTO and Fumiko SHIMIZU

The present study was carried out to elucidate the protective effects of dietary L-arginine
and soy isoflavone-extracted on the bone metabolism in the ovariectomized chronic kidney
disease model rats.

Nine-week-old female rats received 360mg/kg BW of adenine intragastrally for four
consecutive days so that they would develop chronic kidney disease (CKD). After six days of
recovery, rats received ovariectomies (OVX) under anesthesia. A sham operation was carried
out on another group of rats (group Intact).

Seven days after the OVX, the rats were given either a control diet (20% casein protein
diet (group CA); 0.5% L-arginine supplemented diet (group Arg); or 0.20% soy isoflavone-
extracted supplemented diet (group IF), 13g per day for 12 weeks. Rats in group Intact were,
like group CA, given the control diet.

The results were as follows:

1) Group CA developed moderate chronic kidney disease which was manifested as elevated
kidney weight, increased serum creatinine, relatively lower creatinine clearance and reduced
femoral-BMD than that of group Intact.

2) The L-Arginine supplemented diet did not improve renal function and femoral BMD-loss.
But, increased mRNA expression levels of IGF-1, BMP-2 and Osterix were observed in the femurs.
3) Soy isoflavone-extracted supplemented diet had no preventative effects on BMD loss, although
estrogen receptor-beta mRNA expression levels in the femurs were elevated.

From these results, bone-protective functions of L-arginine via activation of osteoblast
differentiation and bone formation process were suggested. Further investigation to clarify the
efficacy of L-arginine-IGF-1 signal transduction on the bone metabolism is required to determine
whether a therapy based on this approach can help people suffering from osteoporosis in CKD
patients.
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Table 1. Compositions of experimental diet

Groups

Ingredients CA/Intact Arg IF
Isoflavone extracted 0 0 2
L-Arginine 0 10 0
Casein 220 220 220
a-Corn starch 406.7 400 405.3
Sucrose 203.3 200 202.7
Cellulose powder 50 50 o0
Mineral mixture 50 50 50
Vitamin mixture 20 20 20
Corn oil o0 50 o0
Total amounts (g) 1000 1000 1000

Isoflavone extracted: Soyaflavone-E (isoflavone
contents: 50%), gifted from Fujioil Co. LTD.
L-Arginine: Wako pure chemical Co. LTD.
Casein, a-Corn starch, Cellulose powder, Mineral

mixture, Vitamin mixture: Oriental Yeast Co.

LTD.
Corn oil: Ajinomoto Co. LTD.
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Table 2. PCR conditions
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F: 5-CCATCACCATCTTCCAGGAG-3
R: 5-CCTGCTTCACCACCTTCTTG-3
95°C X 1 min, 58.0°C X 30sec, 72.0°C X1
min, 30 cycles

F: 5-AATTCTGACAATCGACGCCAG-3’

R: 5-GTGCTTCAACATTCTCCCTCCTC-
3

94°C X 1 min, 56°C X1 min, 72.0°C X1 min,

42 cycles

F: 5-GTCCTGCTGTGATGAACTAC-3
R: 5’-CCCTCTTTGCGTTTGGACTA-3
94°C X1 min, 52°C X2 min, 72.0°C X3 min,
42 cycles

F: 5-CACCATCAGCTGAAGATAGT-3
R: 5-CCAAGATCTCTAACATGACG-3’
94°C X 1 min, 55.0°C X 2min, 72.0°C X 1
min, 42 cycles

F: 5-TGGCACACGAGTGATGAATGCG-
3

R: 5-GCTGGAAAGTTTGCTCTTGCG-3’

94°C X 1 min, 58.2°C X 1min, 72.0°C X 1

min, 42 cycles

F: 5-TGGACGCTCTTCAGTTCGTG-3’
R: 5’-GTTTCCTGCACTTCCTCTAC-3’
94°C X 1 min, 55.0°C X 1 min, 72.0°C X 1
min, 42 cycles

F: 5-CACGAAGAAGCCATCGAGGAA-3’
R: 5-GAGACCAGCTGTGTTCATCT-3’
94°C X 1 min, 57.8°C X 1min, 72.0°C X1
min, 42 cycles

F: 5-GTGAATTCACCTTTCAGCCCCCA
AAACC-3

R: 5-TGGGATCCCAGCTGTGAATGGG
CTTCTT-3&

94°C X 1min, 62.0°C X 1min, 72.0C X1

min, 42 cycles

F: 5-CTTGCATATCTGACCTATTCTAG
C-3

R: 5-TATAATCAGACTCACTTGTACG
C-3

94°C X 1 min, 55.0°C X 1min, 72.0°C X1

min, 42 cycles
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GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
ER: Estrogen receptor.
RANKL: Receptor activator of nuclear factor kappa-

B ligand.

OPG: Osteoprotegerin.
IGF-1: Insulin-like growth factor-1.
BMP-2: Bone morphogenetic protein-2.

Sema-3A:

Semaphorin-3A



Table 3. Body weights

n Initial Final Body weight gain
g
CA 5 191+£12a 262 5ab 71+12a
Arg 7 184+ 17ab 26518 81115
IF 7 191+102 259+ 11ab 68+9a
Intact 6 21250 249+ 5b 37+8b

Numbers with different superscripts indicate significant differences
among the groups CA, Arg, IF and Intact at p<0.05.

Table 4. Organ weights

n Kidney! Uterus Liver
g/kg BW g/kg BW g/kg BW
CA 5 0.95+0.07a 0.56+0.062 26.111.10a
Arg 7 1.03%0.102 0.49+0.152 24.0+1.62
in 7 0.9940.072 0.68+0.372 24.11+1.82
Intact 6 0.8610.042 2.53£1.15P 31.441.5>

1. Left kidney.

Numbers with different superscripts indicate significant differences
among the groups CA, Arg, IF and Intact at p<0.05.
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Table 5. Blood analyses

n AST ALT Calcium Creatinine BUN
Karmen Karmen mg/100 ml mg/100 ml mg/100 ml
CA d 64.8£6.42 16.6£3.02 9.2£0.42 0.77%0.092 18.7£3.42
Arg 7 73.81£25.62 17.91£8.62 9.7£0.42b 0.75£0.172 17.7£3.72
IF 7 72.6+22.32 16.1£7.92 9.2£0.52 0.82£0.152 18.7+3.22
Intact 6 88.2+32.32 19.31£12.42 10.3£0.8p 0.65+0.07= 18.6£2.62

BUN: Blood urea nitrogen.

Numbers with different superscripts indicate significant differences among the groups CA,

Arg, IF and Intact at p<0.05.

Table 6. Glomerular and proximal tubule injuries

n Proteinuria U-creat CCr NAG activity
mg/kg BW mg/day ml/min U/g Cr mU/day
CA 5 18.9£7.22 10.210.502 0.924+0.1012 18.9+7.83b 195+ 86ab
Arg 7 13.4%6.0ab 10.25£0.612 0.973+0.1712 10.6+4.52 1094492
IF 7 5.816.7° 10.21£1.172 0.879%0.1462 30.7£14.9° 3181790
Intact 6 18.3+10.82 9.5610.452 1.037£0.1472 24.1+18.720 231+1842b

NAG: N-acetyl D-glucosaminidase.

CCr: Creatinine clearance, calculated values from urinary creatinine excretion and serum

creatinine concentration.

Numbers with different superscripts indicate significant differences among the groups CA,

Arg, IF and Intact at p<0.05.
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Table 7. Femoral bone mineral density

n Femur weight! Cortical-BMD  Cancellous-BMD Total-BMD
g mg/cm’ mg/cm’ mg/cm’
CA 5 0.75%0.04a 794+ 442 363+47a 471+4Ta
Arg 7 0.74+0.032 811+71» 357392 470+22a
IF 7 0.74=0.062 809+442 393+£51a 495+ 392
Intact 6 0.760.062 850+ 29p 595+ 35b 657+33P

I Wet weight of right femur.

n: Numbers of rats.

Numbers with different superscripts indicate significant differences among the groups

CA, Arg, IF and Intact at p<<0.05.
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Table 8. Femoral breaking strength

n Bending strength
N

CA by 95.4+7.72
Arg 7 93.5+4.52
IF 7 96.011.22
Sham 6 99.3+9.8=2

N: Newton.

Numbers with different superscripts

indicate significant differences among the
groups CA, Arg, IF and Intact at p<<0.05.
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Figure 1. Effects of dietary L-Arginine and Isoflavone-extracted on ER-a and 8 mRNA expression

levels in rat femur

Columns with different superscripts indicate significant differences among the groups CA,

Arg and IF at p<0.05.
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Figure 2. Effects of dietary L-Arginine and Isoflavone-extracted on RANKL and OPG mRNA

expression levels in rat femur

Columns with different superscripts indicate significant differences among the groups CA,

Arg and IF at p<0.05.
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Figure 3. Effects of dietary L-Arginine and Isoflavone-extracted on IGF-I, BMP-2, Osterix and
Semaphorin-3A mRNA expression levels in rat femur
Columns with different superscripts indicate significant differences among the groups CA,

Arg and IF at p<0.05.
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