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Mechanism of Female-Specific Anorectic Elect of the Microbial-Derived
Isoflavone Metabolite S-equol
[ Identification of S-equol Conjugates in Bile of Female Rat using Liquid
Chromatography-Electrospray lonization Quadrupole Time-of-Flight Mass
Spectrometry Analysis[]

Mina FUJITANI”, Takuhiro KOBAYASHI and Taro KISHIDA

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

ABSTRACT

Appetite control is an ellective approach for obesity and its comorbidities. In the
previous study, we have shown that S-equol produced by the intestinal microbiota
after ingestion of its precursor daidzein, an isoflavone present in soy, decreases
food intake specifically in female rats. Although S-equol is an estrogen receptor
B agonist, anorectic effect of estradiol is more pronounced in male rats than
in female rats. It is possible that their anorectic effects may be mediated by
dilerent mechanisms. Previous studies from our and other laboratories indicated
that S-equol metabolizes to glucuronide and sulfate conjugates in liver and small
intestine and undergoes an efficient enterohepatic circulation. Furthermore, we
performed a procedure in which bile taken from female donor rats fed the daidzein
diet was infused into the duodenum in other female rats fed the control diet.
The bile infusion significantly decreased food intake in female rats, suggesting
that the S-equol metabolites in bile induced the anorectic ellect. Conjugate forms
of S-equol have been determined in rat plasma and urine, but not bile. In this
study, bile samples were collected after feeding of daidzein diet for 2 weeks in
male and female Sprague-Dawley rats. Bile samples were subjected to direct
electrospray ionization quadrupole time-of-flight mass spectrometry (ESI-Q-TOF-
MS/MS) analysis for the identification of S-equol metabolites. MS fragmentation
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patterns indicated that S-equol metabolites in bile were the 7-sulfate conjugate
and the 4'-glucuronide conjugate in female rats. One or both of these conjugates
may contribute to the anorectic effect. We speculated that female specific
S-equol conjugates contribute to the anorectic elJect, but S-equol 7-sulfate and the
4'-glucuronide were also detected in bile of male rats. Further studies are needed to
determine whether sex dilJerences in the conjugation of S-equol are associated with
the female-specific anorectic eCect. Soy Protein Research, Japan 21, 159-166, 2018.

Key words : soy isoflavone, daidzein, equol, conjugate, appetite, enterohepatic

circulation
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Table 1. Parameters of analysis condition

Parameters

Conditions

Instrument

Q-TOF-MS/MS (XEVO G2-S qTOF)

lonization mode
Capillary voltage
Desolvation temperature
Cone Gas

Desolvation Gas
Collision energy

Electrospray ionization, negative-ion mode

2,500 V

4500

50 L/h
1,000 L/h
15-30 eV

Table 2. The proposed S-equol conjugate
Exact mass (u)

Aglycon 242094
Monoglucruronide conjugate 418.126
Monosulfate conjugate 322051
Diglucruronide conjugate 594.158
Disulfate conjugate 402.008
Sulfate-glucuronide diconjugate 498.083
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Fig. 1. Daily changes in food intake in female (A) and male (B) rats. Each value represents the meant standard
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error. The asterisks show a significant dillerence relative to the control group (*, p < 0.05; **, p < 0.01),
and the number signs show a trend relative to the control group (p < 0.1), determined by three-way
repeated ANOVA with Bonferroni post-hoc analysis.
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Fig. 2. Mass spectra of the electrospray generated molecular anion at m/z 321 and its isotope peaks (A), and
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the molecular anion at m/z 417 and its isotope peaks (B) in bile of female rats.

0o0o0ooooddvol 21120180



000000000000000000000000
Om/z 930 000000000000000000
0000000000000 00040000000
000000000000 000000oooooo
000sO000000O0Oo7000000000O0400
000000000000000000000000
oooooooooooo®o00o0ooooon200
000000000000000000000000
00000000ooo

0000000000 0000000000000
00000000000 000oOooo®oo0oo00
SO00000000000000000000000
Jo000O0O0oOosSOo00000ooooooooa
000000000000 000000oooooo

00s-0000700000000040000000
000000000000000000000000
O0OMS/MSOOO0OO0O0O00000OOOOOOO
000000S00000000000000000
O0O00Table 4, 5(000000000000000
0000000000000 000000000S-0
000000sS00000000000000020
000000ooooo®ooos0o0oo0ooo
0000000000000 00000000000
0000000000000 00000000000
0000000000000000s0000700
000000040000000000000000
000000000000000000

Table 3. Monoisotopic calculated exact masses (EM) and measured accurate masses (AM) of product ions
resulting from the collision-induced dissociation of the electrospray generated ion of equol (precursor

ion) as standard

EM (m/z) AM (m/iz) Am/z Molecular formula Proposed structures
Precursor ton 241.09 241.26 0.08 CysHy305° m@\
(o]

147.05 147.11 0.08 CoH,0; m

135.05 135.11 0.08 CsH,0, “@C
Product ions

121.03 121.09 0.08 CHs0. ﬁsﬁ

93.04 93.10

0.08 CeHsO @\

a
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Table 4. Monoisotopic calculated exact masses (EM) and measured accurate masses (AM) of product ions
resulting from the collision-induced dissociation of the electrospray generated ion at m/z 321 (precursor
ion) from bile of female and male rats

EM (miz) AM (m/z) Amiz Molkcular formula Proposed structures
U—i—D
Female 321.12 0.08 Iy i
Precursor ion 321.04 CisH 13068 | :J s
Mak 21.13 0.09 ik i i
~F o
Female 241.17 0.08 HO PN
241.09 CisHi:035 O RN
Mak 241.18 0.09 @D
Femalk 135.13 0.08 . o
135.05 CsHr0y 1@
Mak 135.13 0.09 W
Product 1ons
Femak 121.11 0.08 .
121.03 C'ﬂ.H_sOg:' D\\h[ ,jio
Male 121.12 0.09 T
Female 93.11 0.08
9304 CeHsO B
Mak 93.01 -0.02 ")\o

Table 5. Monoisotopic calculated exact masses (EM) and measured accurate masses (AM) of product ions
resulting from the collision-induced dissociation of the electrospray generated ion at m/z 417 (precursor
ion) from bile of female and male rats

EM (m/z) AM (miz) Amifz Molecular formula Proposed structures
Female 41723 0.11 Lﬁl\fj
Precursor ion 417.12 CnH2109 i
Male 41722 0.10 mTU\,
&
Female 24118 0.09 o
2 S
241.09 CisH105 O
Male 241.21 0.12 =
Q.
Female 175.11 0.03 L
Product ions 175.08 CitHiOs T
Male 175.11 0.04 o
Femak 113.11 0.01 o
113.10 C7Hi30” h\,’L )
Male 113.11 0.01 o
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