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Mechanism of Appetite Regulation by Daidzein.
—Approach Using Leptin- or Cholecystokinin-Receptor Deficient-Animals—

Taro KISHIDA, Mina FUJITANI, Tomomi SEGAWA,
Asami IWAHARA and Kiyoshi EBIHARA

Department of Biological Resources, Faculty of Agriculture,
Ehime University, Matsuyama 790-8566

ABSTRACT

Previously, we have shown that soy isoflavone daidzein decreased food intake
specifically in female rats. Soy isoflavones, especially equol, a metabolite of daidzein
by intestinal microorganisms, have estrogenic properties. Estrogen decreases food
intake, potentially by leptin or cholecystokinin-receptor (CCK)-related appetite
regulating system. We have aimed to confirm appetite regulation by daietary
daidzein, using leptin- and CCK-receptor deficient-rats, namely Zucker-obese rats
and OLETF rats. Contrary to the hypthesis, in the present study, we found that
dietary daidzein and estrogen treatment decreased food intake regardress of CCK-
receptor deficiency. CCK might not be a contributing factor in the mechanism
of daidzein and estrogen on decreased food intake in female rats. We also found
that estrogen treatment decreased food intake regardress of leptin-receptor
deficiency. Leptin might not contribute to the decreasing mechanism of estrogen
on food intake in female rats. Both Zucker-obese rat and Zucker-lean rats, the
origin of Zucker-obese rat, did not have enough equol production ability to decrease
food intake. Further experiment is needed to confirm the contribution of leptin
sensitivity to decreasing food intake by dietary daidzein. Soy Protein Research, Japan
12, 100-108, 2009.

Key words : soy isoflavone, daidzein, equol, leptin, CCK
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Table 1. EDect of daidzein, genistein, 3 -estradiol on body weight, body weight gain, food intake, feed e[Jciency

and uterine weight in rats

Initial body Final body Body weight . Feed Uterine Uterine horn
. . . Food intake . . .
weight weight gain elciency weight weight
g g g/5week g/5week g g
C 149+ 3 256+ 5° 107+ 4° 529+ 24° 0.9+ 0.01* 0.34+ 006® 028+ 0.05®
LETO D 149+ 3 215+ 5: 66+ 4: 427+ 17: 0.24+ 0.01°b 0.30+ 0.032 0.22+ 0.04:
intact G 149+ 2 246+ 9 96+ 8 499+ 23 020+ 0.01* 0.38+ 0.03° 0.29+ 0.05
Es 150+ 2 220+ 3° 70+ 4° 450+ 8° 022+ 000 032+ 005 0.24+ 003*
P-value NS <0.01 <0.01 <001 NS 0.027 0.020
c 145+ 3 278+ 8° 133+ 5° 563+ 21° 018+ 001° 006 0.02° 005+ 0.02°
LETO D 146+ 3 259+ 7‘; 114+ 4‘; 518+ 182” 0.19+ 0.01* 007+ 0.00* 005+ 0.01%
VX G 145+ 3 272+ 5 126+ 5 557+ 11° 018+ 0.00: 0.05+ 0.012 0.04+ 0.01:
Es 145+ 3 222+ 12° 77+ 12° 473+ 26* 021+ 001° 023+ 007" 0.5+ 0.06
P-value NS <001 <001 <001 NS <001 <001
C 194+ 4 307+ 8 113+ 6™ 679+ 23° 015+ 001* 037+ 005 030+ 0.04
OLETE D 194+ 3 264+ 12° 70+ 9° 535+ 292 0.19+ 001° 038+ 0.05 0.30+ 0.04
tact G 194+ 3 318+ 14° 124+ 12° 691+ 39° 015+ 001° 042+ 007 034+ 007
Es 194+ 3 278+ 10® 84+ 8* 610+ 26 0.7+ 001 043+ 007 033+ 0.06
P-value NS <0.01 <0.01 <0.01 NS NS NS
c 191+ 5 336+ 17° 146+ 15° 720+ 52° 014+ 001° 0.08% 002° 006+ 0.02°
OLETE D 191+ 5 320+ 18b 129+ 8: 692+ 32:" 0.5+ 0.01* 0.08+ 0.01*> 0.06+ 0.00°
VX G 191+ 5 353+ 9 162+ 6 759+ 26° 013+ 0.00: 0.08+ 0.022 0.06+ 0.01:
Es 192+ 4 250+ 14* 58+ 11* 563+ 44* 018+ 002° 032+ 0.05° 0.26% 0.04
P-value NS <001 <001 <001 NS <001 <001
Strain (S) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Operation (O) 0.034 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
multiple Dietary (D)  0.999 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ANOVA Sx O 0.766 0.946 0.834 0.901 0232 0.125 0.304
Sx D 0.999 <0.01 <001 0.241 0.755 0.011 <0.01
Ox D 0.999 0.067 0.017 <0.01 <0.01 <0.01 <0.01
Sx Ox D 0.996 0.307 0.124 0.326 0.640 0.615 0.273

Each value represents the meant SEM, n=6. Values in a row with diCerent superscript letters are significantly
diCerent by Tukey's multiple range test.
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Table 2. Effect of daidzein, genistein, (3 -estradiol on perirenal fat tissue weight, ovary fat tissue weight,
perirenal plus ovary fat tissue weight, brown adipose tissue weight, serum leptin concentration and
serum insulin concentration in rats

Perirenal plus Brown
Ovary fat adipose tissue
tissue weight weight

Perirenal fat  Ovary fat
tissue weight tissue weight

Serum leptin Serum insulin
concentration concentration

g g g g ng/mL ng/mL
C 5.6+ 08" 8.1+ 06° 137+ 1.2° 0.49+ 0.04 9.7+ 0.8° 19+ 0.3
LETO D 31+ 0.7: 5.7+ 0.8° 8.8+ 1.32 045+ 0.03 6.3t 0.8: 3.3+ 06
tact G 56+ 1.3 X 7.9+ 2.oab 136+ 3.2 i 0.45+ 0.03 10.1+ 038 X 28+ 04
Es 43+ 04° 71+ 1.1° 114+ 1.4° 0.55+ 0.04 8.6+ 0.8° 33+ 02
P-value <001 <001 <001 NS 0012 NS
c 56 1.2° 6.7+ 1.3° 123+ 24° 047+ 0.03 109+ 1.3 33+ 10
LETO D 40+ 0.6: 47+ o.gf‘b 8.6+ 1.42 043+ 0.03 7.6+ 0.7 1.8+ 04
VX G 6.1+ 1.3 6.1+ 1.1"‘b 123+ 24 046+ 0.03 116+ 18 32+ 0.3
Es 47+ 08° 54+ 0.8° 100+ 15° 053+ 0.04 8.7+ 14 2.7+ 04
P-value <0.01 <0.01 <0.01 NS NS NS
C 121+ 1.7° 137+ 1.8 258+ 24° 0.86+ 005 344+ 33" 46+ 13
OLETE D 7.0+ 2.1: 8.8+ 2.1° 159+ 1.42 058+ 0.04* 221+ 2.0: 31+ 1.0
tact G 125+ 2.2 15.0+ 2.5°b 275+ 24 0.89+ 0.09°b 36.0+ 2.8 X 43+ 04
Es 86+ 1.7° 103+ 2.0° 19.0+ 15° 066+ 003 311+ 35° 2.7+ 11
P-value <001 <001 <001 <001 0.015 NS
c 138+ 2.7° 13.0+ 2.0° 268+ 33" 0.69+ 0.06 351+ 45® 44+ 06
OLETF D 122+ 33® 108+ 3.0° 230+ 41° 056+ 0.04 335+ 54° 34+ 07
OVX G 155+ 1.6° 12,7+ 2.0° 28.2+ 45° 0.69+ 0.04 51.3+ 35° 51+ 1.1
Es 7.8+ 3.3 6.5t 2.6° 143+ 3.4° 060+ 003 319+ 42° 38+ 05
P-value <0.01 <001 <001 NS 0.021 NS
Strain (S) <001 <001 <001 <0.01 <001 <001
Operation (O) <0.01 <001 0.994 <0.01 <001 0523
multiple Dietary (D) <001 <0.01 <001 <0.01 <001 0.268
ANOVA Sx O 0.017 0.707 0.143 0.021 0.033 0.366
Sx D <0.01 <0.01 <001 0547 0.120 0.315
Ox D 0.022 0.017 0.019 <0.01 0.018 0.623
Sx Ox D 0.076 0.097 0.076 0.303 0.201 0.339

Each value represents the mean+ SEM, n=6. Values in a row with dilerent superscript letters are significantly
dillerent by Tukey's multiple range test.
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Table 3. Elect of daidzein, genistein and (3 -estradiol on serum isoflavone concentration and serum estradiol
concentration in rat

Serum estradiol

Serum isoflavone concentration )
concentration

Daidzein Genistein Equol

nM nM nM pg/mL
c 119+ 10° 103+ 3° 0t 0° 249+ 38
LETO D 202+ 23° 98+ 6° 514+ 91° 313+ 42
- tact G 117+ 5° 230+ 23° 0t 0° 339+ 638
Es 123+ 7° 99+ 42 0+ 0° 248+ 2.7
P-value <0.01 <0.01 <0.01 NS
c 151+ 35° 111+ 13 0+ 0° 122+ 15°
LETO D 330+ 53° 100+ 5° 374+ 74° 16.1+ 0.7°
VX G 113+ 6° 397+ 54° 0t 0° 17.7+ 0.9°
Es 112+ 7° 101+ 6° 0+ 0° 255+ 34°
P-value <0.01 <0.01 <0.01 <0.01
c 127+ 12° 108+ 6° 0t 0° 177+ 16
D 278+ 135° 103+ 4° 746+ 91° 26,0+ 7.4
OirI;tEa—(I:—tF G 119+ 8 253+ 12° 0+ 0° 27.3+ 3.7
E 111+ 8° 106+ 7° 0+ 0° 37.0+ 11.3
P-value <0.01 <0.01 <0.01 NS
c 113+ 6° 99+ 4° 0t 0° 9.8+ 2.0°
D 316+ 97° 101+ 7° 558+ 91° 9.6+ 15°
OLETF
OVX G 120+ 10° 348+ 82° 0t 0° 134+ 14°
Es 121+ 15° 101+ 3 0+ 0° 433+ 134°
P-value <001 <001 <001 <001
Strain (S) 0.778 0.771 0.712 0.997
Operation (O) 0.016 0.012 0.106 <0.01
multiple Dietary (D) <0.01 <0.01 <0.01 <0.01
AN OSA Sx O 0.248 0.258 0.332 0515
Sx D 0626 0.967 0.662 0.010
Ox D 0.067 <0.01 0.009 0.026
Sx Ox D 0.288 0.787 0.801 0.954

Each value represents the meant SEM, n=6. Values in a row with dilerent superscript superscript letters are
significantly diJerent by Tukey's multiple range test.
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Table 4. Efect of daidzein, genistein, (3 -estradiol on body weight, body weight gain, food intake, feed elJciency
and uterine weight in rats

Initial body Final body Body weight . Feed Uterine Uterine
. . . Food intake . . .
weight weight gain elciency weight  horn weight
g g g/5week  g/5week g g
c 117+ 3 184+ 4 67+ 3° 430+ 11 015+ 000° 046+ 003 032+ 0.02
lean D 117+ 3 179+ 2 62+ 2 421+ 4 0.14+ 001° 038+ 004 0.28+ 0.02
ntact G 118+ 2 180+ 1 62+ 2 437+ 8 0.14+ 0.00™ 034+ 003 0.22+ 0.04
Es 118+ 2 173+ 5 54+ 4° 442+ 10 012+ 001* 039+ 004 027+ 002
P-value NS NS 0.023 NS <001 NS NS
C 117+ 3 232+ 3 115+ 4° 501+ 9°  0.23+ 0.01° 007+ 001° 003+ 0.01°
lean D 117+ 2 225+ 4° 107+ 3° 487+ 14® 022+ 001° 007+ 0.02° 0.04+ 0.00%
OVX G 118+ 2 221+ 8° 103+ 5° 488+ 16® 021+ 001° 009+ 0.02° 005+ 0.01%
Es 118+ 2 178+ 6° 60+ 6° 447+ 14 013+ 001° 019+ 003" 0.13+ 0.02°
P-value NS <001 <001 NS <001 <001 <001
c 194+ 3 353+ 5 159+ 2 705+ 11 022+ 000 014+ 001 0.09+ 0.01
obese D 193+ 3 357+ 6 164+ 4 722+ 11 022+ 000 019+ 003 0.13+ 002
et G 194+ 3 357+ 6 163+ 4 715+ 16 022+ 000 018+ 003 0.12+ 002
Es 193+ 2 343+ 6 149+ 4 682+ 15 022+ 000 024+ 005 0.17+ 003
P-value NS NS NS 0.050 NS NS NS
c 188+ 2 383+ 4° 195+ 4° 796+ 13° 024+ 0.00° 0.07+ 0.00° 0.05+ 0.00°
obese D 187+ 2 353+ 2° 166+ 3° 716+ 5° 023+ 0.00° 008+ 001* 0.05+ 0.00°
OVX G 187+ 2 372+ 3¢ 184+ 2° 757+ 4° 024+ 000" 007+ 001* 0.05+ 0.00°
Es 188+ 2 341+ 44 153+ 5° 698+ 5° 021+ 0.00*° 033+ 006° 0.20+ 0.03°
P-value NS <001 <001 <001 <0.01 <001 <001
Strain (S) <001 <001 <001 <001 <0.01 <001 <001
Operation (O)  0.013 <001 <001 <001 <001 <001 <001
ol Dietary (D) 0979 <001 <001 0.038 <001 <001 <001
Z‘\l’ O'\F;z Sx O 0018 <001 <001 0953 <001 <001 <001
Sx D 0978 0.234 0.077 0563 <0.01 <001 0.015
Ox D 0.999 <001 <001 <001 <001 <001 <001
Sx Ox D 0.999 0.013 <001 0.070 <001 0.114 0.093

Each value represents the meant SEM, n=6. Values in a row with dilerent superscript letters are significantly
dillerent by Tukey's multiple range test.

0000doododdvol 12120090 105



Table 5. Effect of daidzein, genistein, (3 -estradiol on perirenal fat tissue weight, ovary fat tissue weight,
perirenal plus ovary fat tissue weight, brown adipose tissue weight, serum leptin concentration and
serum insulin concentration in rats

Perirenal plus Brown
Ovary fat  adipose tissue
tissue weight weight

Perirenal fat Ovary fat
tissue weight tissue weight

Serum leptin Serum insulin
concentration concentration

g g g g ng/mL ng/mL
C 42+ 02° 40+ 03° 8.2+ 03" 0.45% 0.03 9.9+ 09 38+ 12
lean D 30+ 0.2° 44+ 02° 74+ 02% 050+ 0.05 9.9+ 038 25+ 05
intact G 39+ 0.1° 34+ 02° 7.3+ 0.3° 0.40+ 0.03 78+ 05 21+ 04
Es 2.7+ 0.2° 37+ 02% 6.4+ 0.4° 043+ 0.02 71+ 07 17+ 02
P-value <0.01 0.041 <001 NS 0012 NS
c 44+ 04° 38+ 03 8.2+ 0.6 048+ 0.03 9.1+ 09 31+ 03
lean D 36+ 0.2% 45+ 03 80+ 05 049+ 0.07 9.2+ 05 24+ 03
ovX G 42+ 03° 39+ 04 8.1+ 07 044+ 0.07 76+ 1.1 2.7+ 06
Es 2.9+ 0.2° 35+ 03 6.4+ 05 047+ 0.06 8.2+ 04 2.5+ 0.2
P-value <0.01 NS NS NS NS NS
C 176+ 0.7° 142+ 15 31.8+ 1.3* 068+ 009 157.6+ 114 302+ 6.1
obese D 13.7+ 0.8* 19.2+ 09 328+ 13" 093+ 009 1468+ 638 37.0+ 9.3
intact G 18.1+ 15° 144+ 19 325+ 14% 076+ 010 146.0+ 115 293+ 28
Es 118+ 10° 16.0+ 0.8 279+ 09° 095+ 013 1322+ 65 56.6+ 8.8
P-value <001 NS 0.034 NS 0.015 NS
c 175+ 0.7° 141+ 09 316+ 0.8° 086+ 011 1527+ 69 311+ 38°
obese D 151+ 0.7° 146+ 0.7 296+ 0.7° 089+ 012 157.2+ 67 405+ 62°
OVX G 18.1+ 0.9° 13.0+ 14 31.0+ 10° 091+ 014 1677+ 130° 456+ 12.2°
Es 115+ 0.7° 116+ 05 23.1+ 0.6° 095+ 016 1274+ 7.9* 1202+ 275"
P-value <0.01 NS <0.01 NS 0.021 <0.01
Strain (S) <001 <001 <001 <001 <001 <001
Operation (O) 0416 <0.01 0.012 0.296 0.408 0.015
multiole Dietary (D) <001 <0.01 <0.01 0411 <0.01 <0.01
AN O\F; A Sx O 0914 <0.01 <001 0.608 0.380 0.017
Sx D <0.01 0.145 <001 0573 0.020 <0.01
Ox D 0.648 0.120 0.161 0.733 0423 0.035
Sx Ox D 0.887 0.168 0210 0.821 0.390 0.045

Each value represents the mean+ SEM, n=6. Values in a row with dilerent superscript letters are significantly
dillerent by Tukey's multiple range test.
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Table 6. Eect of daidzein, genistein and (3 -estradiol on serum isoflavone concentration and serum estradiol

concentration in rats

Serum isoflavone concentration

Serum estradiol
concentration

Daidzein Genistein Equol po/mL
nM nM nM
c 127+ 9° 124+ 16° 0t 0° 225+ 52
lean D 389+ 33“ 129+ 152 325+ 535b 187+ 44
ntact G 117+ 5 560+ 37 0t 0 215+ 18
Es 118+ 7° 105+ 7% 0+ 0% 185+ 25
P-value <0.01 <0.01 <0.01 NS
c 154+ 32° 106+ 13° 0+ 0° 111+ 09
lean D 121+ 34 122+ 122 132+ 25° 137+ 12
OVX G 117+ 13° 659+ 73 0t 0° 135+ 2.8
Es 118+ 9° 157+ 39° 0t 0° 154+ 15
P-value <001 <001 <001 NS
c 126+ 11° 122+ 15° 0t 0° 116+ 2.0
obese D 503+ 52: 113+ 112 260+ 194b 149+ 40
tact G 124+ 12 485+ 51 0 0 11.2+ 09
Es 138+ 15° 115+ & 0+ 0° 130+ 31
P-value <0.01 <0.01 <0.01 NS
C 129+ 12° 114+ 9° 0+ 0° 14.0+ 2.8
obese D 544+ 81° 111+ 9° i 213+ 55° 129+ 40
OVX G 120+ 9° 566+ 130 0t 0° 124+ 0.8
Es 130+ 9° 134+ 20° 0t 0° 12.0+ 24
P-value <001 <001 <001 NS
Strain (S) 0.039 0274 0.997 <0.01
Operation (O) 0433 0.240 0.088 0.012
multiple Dietary (D) <0.01 <0.01 <0.01 0.959
ANOVA Sx O 1.000 0.685 0.284 <0.01
Sx D <001 0518 1.000 0.819
Ox D 0.634 0.362 0.037 0.927
Sx Ox D 1.000 0.941 0.330 0.187

Each value represents the meant SEM, n=6. Values in a row with dilerent superscript letters are significantly
diCerent by Tukey's multiple range test.
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