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Analysis of Profile of Neurotransmitter in Hypothalamus and Blood Signals
for Mechanism of Decreasing Food Intake of Rats Fed Soy Isoflavones

Taro KISHIDA, Takafumi MIZUSHIGE and Kiyoshi EBIHARA

Faculty of Agriculture, Ehime University, Matsuyama 790-8566

ABSTRACT

Previously, we showed that fermented soy extract, rich in soy isoflavone, decreased
food intake specifically in female rats. We have aimed to confirm the active substance
and examine the mechanism. In the present study, we showed that daidzein, one of the
major soy isoflavone, is just the active substance with decreasing effect on food intake.
We also found that daidzein administration decrease only in female rats with or
without ovariectomy, but an estradiol administration decreased food intake in male
and ovariectomized rats. We speculated that the effect of daidzein could not simply be
related to estrogenic effect of isoflavones. We examined the effect of daidzein on the
hypothalamus gene expression of appetite-related neurotransmitter in ovariectomized
rats, but there is no explanation of the decrease of food intake by daidzein
administration. We have searched more sensitive experimental method for examining
the hypothalamus gene expression of appetite-related neurotransmitter. Leptin is one
of the major food intake decreasing signal agents in blood. But in the present study, we
observed that daidzein administration rather decreased serum leptin concentration.
Soy Protein Research, Japan 8, 56-62, 2005.
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Fig. 1. Appetite-regulated factor in hypothalamus.
Neuropeptide Y (NPY), galanin, agouti-gene
related protein (AGRP) and orexin were orectic
factor. Cocaine and amphetamine-regulated
transcript (CART), corticotrophin-releasing
hormone (CRH), pro-opiomelanocortin (POMC)
and urocortin were anorectic factor.
Paraventricular nucleus (PVN), Lateral
hypothalamus (LHA) and Arcuate nucleus (ARC)
were localized in hypothalamus.
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Fig. 2. Weekly changes of food intake and body weight gain in male and female rats fed diet containing genistein
(a), daidzen ([J) or genistein+daidzein (@) and control diet (O) for 4 wk (experiment 1). Values are means
of six rats with standard errors. *significantly different from the control group, determined by Tukey's
multiple range test (P<0.05). *significantly different from the control group, determined by Student's

t-test (P<0.05).
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Fig. 3. Weekly changes of food intake and body weight gain in normal and ovariectomized rats fed a diet containing
150 mg daidzen ([J) and control diet with (@) or without (O) subcutaneous administration of estradiol, and
sham operated rats fed the control diet (X) for 4 wk (experiment 2). Values are means of six rats with
standard errors. *significantly different from the control group by Tukey's multiple range test (P<0.05).
#significantly different from the control group by Student's t-test (P<0.05).
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Table 1. Body weight gain, food intake, food efficiency and fat tissue weight of male, female and ovariectomized
(OVX) rats fed daidzein (D), genistein (G) or control (C) diet (Experiment 1)

Initial body Finalbody ~ Body weight

Perirenal plus

Feed epididymal or

weight weight gain Feed intake efficiency ~ ovary fat tissue Body fat Serum leptin
weight
g g /28 days g/28 days g % ng/mL

Male

C 2315 36710 136 £6 609 £ 22 0.224 £0.007 200+ 1.7 19516 144+1.1

D 2334 37610 143 £8 61619 0.232 £0.008 188+2.6 17616 149113

G 232+4 371310 1419 59 £ 24 0.236 = 0.006 206t 1.3 184+15 13.0+1.6

D+G  231t4 3710£12 140£9 61018 0.228 £0.010 180+15 169+1.2 140+ 1.1

P-Value NS NS NS NS NS NS NS NS
Female

C 1674 244 £ 6° EE 427 £ 20 0179 £0.009*  151+15% 191+ 11° 70+£0.8°

D 1673 218+ 9 bl+T7 370 £+ 24° 0.136 £0.0100  102+£1.7® 46+13* 51+0.8°

G 167£3 2145+ 7 78+5 42217 0.183+0.006° 165+2.2 178+ 1.7 84+ 14°

D+G  167%£3 220 £ 4° h3+ 3 BTET 0.148 £0.008°  10.1£0.9 128109 3.6%0.3

P-Value NS 0.015 0.003 0.023 0.001 0.018 0.009 0.008
Sham

C 165x4 241 £9* 76 £ 6* 431 +22 0.177£0.005*  11.9+19 149x12 58106

P-Value NS 0.011 0.008 NS 0.001 NS NS NS
ovX

C 168 £3 2719+ 8 111+8° 485+ 19° 0.227£0.010° 14.7+1.1° 173+0.6° 7.0£0.2¢

D 1672 252 * 6° 85 6 424 + 13 0.199£0.011* 116 x1.2® 150+ 1.1* 6.1+£0.8

G 167£2 208 £5° 131+£5° 514 + 14 0254 £0.006° 196 £ 1.1° 172+05 88 0.7

D+G 1672 249 £ 42 82 £ 5 420 £11° 0.193 £ 0.006 03+15 122106 3.83+(.2°

P-Value NS <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001

Each value represents the mean+SEM, n=6. Values in a row with different superscript letters are signifcantly different by
Tukey's multiple range test. *Different from OVX's control group, P<0.05, Student's t-test.
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Table 2.

Hypothalamus gene expression of appetite-regulated neurotransmitter of normal and ovariectomized
(OVX) rats fed daidzein (D), genistein (G) or control (C) diet or rats administrated estradiol (E)
subcutaneously (E) in dark phase (Experiment 3)

Orectic factors Anorectic factors

NPY (Galanin Orexin AGRP CART CCK POMC CRH Urocortin
(X107 (X102 (X1079) (X107 (X107 (X102 (X1079) (X1079) (X1079)

P-value

(target gene mRNA/3-Actin mRNA)

1772028  9.02+310  6.65+1.77  4.78+0.98 208040  847£0.01  145%048  1.92+0.17* 2.56+0.78
NS NS NS NS NS NS NS 0.004 NS

1484010 4.75%039  789£081  4.01+1.37 160+0.28 976166 437141 116+0.05 1.36+0.50
148+0.39 1057730 630160  3.21+0.78 1.30£0.26  6.60£1.35  0.58%£0.25* 1581025  0.76+0.21
200037 1245%£513  945£1.68  6.53£1.52 2372035 1160£2.00  L79+049* 1.75+022  0.93+0.19
227%012 17.04£564  943£199  8.63£3.13 238%044 1047£198  225+085° 174+012  1.03+0.19
NS NS NS NS NS NS 0.041 NS NS

2371056 11.11+321 11.26+3.65* 717+191 196045 1490+1.19  241+1.08  230+0.27*  2.03£047
NS NS 0.040 NS NS NS NS 0.011 NS

1.35£0.31 10.60+2.88° 4.89+2.06 4.15+092 1524026 12394344 143+042  1.09£0.10*  2.03+0.96

1444027 12.37£211°  895+327  4.97+0.98 169£0.39 603124 303103  0.67x0.09" 284+048

109018 385165 577126  6.75+242 1254034 829149  2.15£057  L78£0.17 0.99+0.32

1074022 427147 544£093 3241094 161£025  967+128 1314035 1.90+024" 1.06%0.10
NS 0.017 NS NS NS NS NS <0.001 NS

Each value represents the mean+SEM, n=6. Values in a row with different superscript letters are signifcantly different by
Tukey's multiple range test. *Different from OVX's control group, P<0.05, Student's t-test.

Table 3.

Hypothalamus gene expression of appetite-regulated neurotransmitter of male, female and
ovariectomized rats fed daidzein (D), genistein (G) or control (C) diet or rats administrated estradiol
subcutaneously (E) in light phase (Experiment 4)

Orectic Factor Anorectic Factor

NPY Galanin Orexin AGRP CART CCK POMC CRH Urocortin
(X107 (X107 (X107 (X107 (X107 (X107 (X107 (X107 (X107

P-value

(target gene mRNA/3-Actin mRNA)

217030 2.00£0.66 394081  0.79£0.20 0.78£036  142+0.12* 562+0.73* 2781042 4.33£1.67
NS NS NS NS NS 0.003 0.011 NS NS

130037 1.25%0.61  244+0.79  0.58+0.38 032£014  084£014 1.67£040 277113  235%0.76

0.99£029  0.74£032 277067  0.30£0.09 037£015  1.00£012 327166 245%0.32  9.05+4.09

093026  0.65£029  238+£049  0.06£0.02 0.19£0.05 107011 078+£030 2.14£0.14  2.50+0.67

087£0.12  0.76£027  250£053  0.30£0.08 0.19£003  1.30£013 1494045 2.03£0.18 292+1.13
NS NS NS NS NS NS NS NS NS

173049 1.89+031  0.79+0.08  8.00+1.78 170027 359+0.99  197+031  4.95+0.69 10.75+3.23
NS NS NS NS NS NS NS NS NS

166021 1714013 0.71£0.08 5511068 1372041 3812072  4.03£1.02° 4.34£050 11.30+248

2291024 167£0.13° 0641008  7.57+1.04 L13£020 386066  2.05:0.38" 464044  6.97£1.21

173019 1.08+0.17  0.60+0.07  742%0.62 115£019 2774023 2.02+034* 4114021 10.01£2.87

1691019 205+033 0.89£0.16 893t119 0.99£0.15  4.17£090 148+£0.24* 536+041  6.28+1.35
NS 0.026 NS NS NS NS 0.028 NS NS

Each value represents the mean=SEM, n=6. Values in a row with different superscript letters are significantly different by
Tukey's multiple range test. *Different from OVX's control group, P<0.05, Student's t-test.
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