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Abstract

'The impact of soy isoflavones on the intestinal microbiota has been investigated in different situations
of dysbiosis, such as the type of diet adopted, medications taken, intestinal mucosa, immune system
and the microbiota itself. Thus, we aim to describe, through a literature review, the modulation of
the intestinal microbiota after consumption and/or treatment with soy isoflavones in situations
of dysbiosis. Through the studies selected in this review, we could observe that soy isoflavones
are able to modulate the intestinal microbiota, but the effects observed in dysbiosis are not fully
understood.

Abbreviations

FSBM: fermented soybean meal

FSM: fermented soymilk

HFD: high-fat diet

LcS: Lactobacillus casei Shirota

LPS: lipopolysarides

NAFLD: non-alcoholic fatty liver disease

NOD: non-obese diabetic mouse model
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O-DMA: O-desmethylangolensin
SBM: soybean meal

Introduction

Isoflavones are mostly found in soybeans, characterizing them as soy isoflavones [1]. When consumed they
can be rapidly hydrolyzed by gut bacteria into aglycones that are partially absorbed by the gut epithelium [2].
Epidemiological studies show that a proper level of isoflavones consumed in the diet can prevent diseases
like cancer or diabetes type II [3], although there are some controversies along these findings [1]. Moreover,
isoflavones bioavailability is important to reach the benefits and food processing can change isoflavones
profile interfering in their absorption [4]. Also, the quantity and quality of gut microbiota can result in a
dysbiosis state and it is not known how and how much dysbiosis participate in the xenobiosis in the presence
of soy isoflavones [5].

Materials and Methods

'This study has a descriptive character and was carried out through a literature review, which aims to describe
the modulation of intestinal microbiota after treatment and/or consumption of soy isoflavones in difterent
situations of dysbiosis. A search was performed in the National Library of Medicine using the descriptors
“soy isoflavones” and “gut microbiota”. All articles considered relevant to the topic discussed were selected
for discussion in this review.

Results and Discussion

Isoflavones Metabolism and Bioavailability

It is known that the human gut microbiota is involved in the degradation of several polyphenolic compounds
that are consumed in the diet, including flavonoids, flavanones, flavan-3-ools, anthocyanidins, isoflavones,
flavones, tannins, lignans and chlorogenic acids. The level of biotransformation of these compounds depends
on their structural specificity, as well as on the interindividual richness of the gut microbiota [6]. Flavonoids
and their derivatives, for example, are most absorbed by the intestine [6], while conversion of isoflavones,
which have large hydrophilic structures, are not easily absorbed by intestinal absorptive cells [7].

For this (Figure 1), the primary metabolites of isoflavones are metabolized by the liver, while the unabsorbed
portion is hydrogenated by glucosidases, hydrolytic enzymes produced by the colonic gut microbiota. Then,
the complex isoflavone molecules, that are glycosidic forms (daidzine, genistin and glycite) are broke down
into aglycone forms (daidzein, genistein and glycitein), that is, in smaller molecules that can be absorbed
in the intestine and, finally, metabolized into their final active metabolites [2,8]. Then, these products are
absorbed through the portal vein and travel to other tissues and organs, providing several metabolic actions,
such as, for example, the estrogenic [9,10], anti-androgenic and hypolipidemic activity of aglycone equol [7].
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Figure 1: Metabolism of isoflavones

It is estimated that there are trillions of microorganisms inhabiting the human body [11], with approximately
one thousand different species found in the human large intestine [12]. Through fermentation of the gut
microbiota, the relationship between beneficial bacteria (Bifidobacterium spp. and Lactobacillus spp. for
example) and harmful bacteria (Clostridium for example) produces a variety of products that can have
positive or negative effects on the intestine, as well as to influence various systemic responses [8]. Beneficial
effects for health promotion can be observed as a result of a symbiotic relationship between the intestinal
microbiota and its host, while a dysbiotic relationship can result in the development of inflammatory diseases
and even cancers [11].

Regarding aglycones isoflavone’s metabolism, several microorganisms have been implicated, such as
lactic acid bacteria and Bifidobacterium, due to strong B-glucosidase activity. However, other species
also are able to improve the bioavailability and conversion rate of isoflavones by the action of the
B-glucosidase, including Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus fermentum, Lactobacillus
rbamnosus, Lactobacillus plantarum, Lactobacillus bulgaricus, Bifidobacterium breve, and Bifidobacterium

bifidum [2].
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Impact of Soy Isoflavones on Gut Microbiota

'The gut microbiota maintains a symbiotic relationship with its host, interfering in the function of the
metabolism of nutrients, xenobiotics and drugs, maintaining the structural integrity of the intestinal mucosa
barrier, immunomodulation and protection against pathogens [7]. For the best performance of the gut
microbiota functions, a stable cellular composition is required, consisting mainly of bacteria from the phyla
Bacteroidetes, Firmicutes, Actinobacteria and to a lesser extent, Proteobacteria [13].

However, many factors can interfere negatively in bacterial population presents in the gut, as example,
stress conditions, type of diet adopted, ingested drugs, the intestinal mucosa, the immune system, and the
microbiota itself. The combination of these factors, in addition to the presence of some diseases, such as
inflammatory bowel diseases and metabolic disorders, are associated with intestinal dysbiosis [13]. Dysbiosis
of gut microbiota is characterized by the reduction of microbial diversity and beneficial bacteria, beyond
the growth of harmful bacteria [5], leading to a disease-promoting imbalance [13]. Thus, identifying the
bacterial profile in different situations can contribute to a better understanding of the impact of the intestinal
microbiota on health and disease.

Regarding soy isoflavones, the gut microbiota is important in the bioavailabity and biological activities
of isoflavones and influences the host’s metabolic profile after consumption [6]. In healthy volunteers, a
single-dose of soybean meal (SBM) and fermented soybean meal (FSBM) biscuits, containing isoflavones
(0.44 mg/kg of body weight), increased aglycones metabolites in urine in both treatments, being FSBM
54% higher than SBM biscuits. The FSBM biscuits were also able to excret all metabolites more rapidly
than SBM and urinary recovery of isoflavones was 67% higher after FSBM biscuits consumption. From an
improvement in the bioavailability of isoflavones, it was possible to suggest a reduction in the impact of the
intestinal microbiota on the metabolism of isoflavones [14], (Table 1). Additionaly, healthy young volunteers
that received a single dose of 30 mg of genistein in tablet, containing low fat milk and soy milk, resulted
in presence of free genistein in the plasma, 7 more of its phase-II metabolites, 15 gut-derived metabolites,
and a new metabolite, genistein-4 glucuronide-7-sulfate (G-4 G-7S). Despite the lower bioavailability of
genistein tablet used in this study, after intake of genistein or genistin formats, it was observed the presence
of dihydrogenistein and 2 (4-hydroxy phenyl) propionic acid, both considered the major phase II metabolite
and gut-derived metabolite [15], (Table 1). The dihydrogenistein is an intermediate compound in the
production of 5-hydroxy-equol from genistein by certain intestinal bacteria, which was not demonstrated in
the Smith and collaborators study. On the other hand, 2-(4-hydroxyphenyl) propionic has been described
as a degradation compound of genistein metabolism by Eubacterium ramulus, through the transformation of

6-hydroxy-O-DMA into floroglucinol and 2-(4-hydroxyphenyl) propionic acid [16].

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.



Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 5 of 21
)
Table 1: Findings summary from metabolism isoflavones and microbiota changes
Control and N
ot Population | Soy interven- D}lra— Main results Microbiota REF
study . tion changes
tion groups
Healthy
18 Suggestion: Since
volunteers (gg}lf\ljle)a:nglgi_ SBM and FSBM: fermentation has
Random- aged 28 _35 mented soybean 15_1(111— 1 Aglycones metabolites b.lmprf)lvgfll'the £
ized, dou- | YU 00N ineal (FSBM) | 87 | in urine, being FSBM | 2 SV 0
ble-blind, mas o biscuits (con- ° 54% higher than SBM 1SOTAVONES, I POSSIT 14 41
dex (BMI) T soybean | . . ... | blyalso reduces the
crossover taining iso- biscuits. FSBM biscuits: | . .
. between 18.5 meal or . impact of the intes-
trial flavones 0.44 - 1 Urinary recovery of | . . 1.
and 25.0kg/ biscuits | . . tinal microbiota on
mg/kg of body isoflavones was higher .
m2 (normo- ioht) the metabolism of
weight). welg isoflavones.
Presence in the plasma:
Free genistein (Intact
Rando- 30 mg genistein isoflavone)
mized 12 healthy tal?let (low fat . 7 phase-11 .mctabohtes
cross-over milk, and soy | Single | 15 gut-derived metab- .
) young volun- | . .. . Not applicable [15]
trial milk containing | oral dose olites
teers o .
genistein glyco- New metabolite:
sides). genistein-4 glucuro-
nide-7-sulfate (G-4
G-75).
73 fecal isolates were \(/iV 1 53}243 Strj;l;,l:
Intestinal bac- considered to harbor (CCntCt as A4
.. lercreutzia equoli-
teria isolated equol-related genes. . 1
Experi- from stool . Not ap- However, genome Jaciens, as wer as
Not applicable . other strains known | [17]
mental samples of 3 plicable | sequences suggested a t0 produce equol
equol-produc- deletion in the former hp d del ? ’
ers women involving a large part of Soed Coctions
s A within the equol
' operon

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 6 of 21
Genistein:
Isoflavone gly- | Bacteroides fragilis,
37 strains cosides (daidzin Lactococcus lactis
dominant and e Isoflavone-derived com- g, b, and
Experi- | representative chel cloived Not ap- ounds could modify AR IS
mff)ntal baI::terial oV— aglycones licabFl)e npml;)ers of llie bacterial Genistein and 1l
lations gofn (daidzeinand | P ’ species in t}llle t Equol:
uh man eut genistein), and P gl 1 Lactobacillus
" v equol, against rbamnosus and
bacterial strains. Faecalibacterium
Pprausnitzii.
Pre and Post-Menopause
Women equol-produc-
Selfeadminis- ing bacteria (97% of
Placebo- tered question- women) 0
58 postmeno- ) Equol-producers (22% Equol producers:
controlled sl g naires assessed of women):
1r.1terve‘n- nese women theiniceent and N?t P | Greater diversity of mi- 1 Firmicutes [19]
tion trial remote food plicable
aged 48 to 69 | . . croflora and more than
intake histories .
years and lifestvle 50% of equol producers | | Proteobacteria
habit? were constant consum-
ers of soy-based foods
and other foods.
SOY
phase
(Day 0)
Single oral CIPRO/
dose of 375 mL SOY
UHT soy milk phase
One- Eleven Tai (SOY phase) (i
group postmeno- . . s -
pre-post | pausal wom- | 250 mg oral foxalclm ! bloz.wallablhty‘of (.iald Not applicable [20]
treatment | en, aged more | Ciprofoxacin O? y zein and genistein
study than 45 years | (CIPRO/SOY atter
hase) break-
phase fast and
dinner
for three
consec-
utive
days)

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 7 of 21
Oral isoflavone
(150 mg dry ex-
g dry
tract of glycine
max) alone or
isoflavone plus
bioti C e
. 60 postmeno- ( LIerc(t)o bl;)c;;lus Prob1ot1cs' 1mproyed the
an (C)1 pausal wom- | e L. metabolism of isofla-
rlr-nz.e R en, aged 40 to casei, Lactococcus | 16 weeks \tfone;, but Wf e un%lbi Not applicable [21]
(¢ 1n.1c 60 years. T, I8 zﬁ dobac- o relieve Vu' vovagin
trial forium b 99 s symptoms in meno-
and B. lactis) or pausal women.
hormone thera-
py (1 mg estra-
diol and 0.5 mg
norethisterone
acetate).
Consuming ODMA non-producer
137 peri- servings of Atleast | phenotype is associated
and 218 soy,and were | three or | with obesity in peri-
Cross-
tional post-meno- either in the more and post-menopausal Not applicabl [22]
sect 13 a pausal wom- menopausal servings women ot appucable
sty en, aged transition or of soy Equol non-producer
44-55 years | were postmeno- | per week | phenotype was not as-
pausal. sociated with obesity
4-week
pre-in-
take FMS + LcS
Ran- Fermented period, (intake period)
domised, 60 health soymilk (FSM) | 8-week | Improved skin condi- | 1 Lactobacillaceae
dou- Femeno al}lls— with or without | intake tion and Bifidobacteri-
ble-blind, | P 1] If Lactobacillus period | 1 levels of urinary iso- acea 23]
place- V:on?eprjl aes: q | case Shirota | (twice a flavones FSM (intake peri-
bo-con- 88 (LcS) day for 8 | Changes of gut micro- od):
18-55 years Y & 5
trolled weeks) biota | Enterobacteria-
trial 4-week ceae and Porphyro-
post-in- monadaceae
take
period.

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 8 of 21
Equol synthesis from
two primers developed:
dihydrodaidzein reduc-
tase (ddr) and tetrahy-
18 menopaus- .80ﬂmg of drodaidzein reductase
Meno- | al women un- 1sotiavones g?e (tdr) genes
pausal | der treatment containing | LD | gl equol producers Not applicable [24]
R T genistin/daidzin | day for 6 (n=3)
SYmDptoms in the range of | months ddr: onlv 2 equol pro-
yIp 55-72%. - Oy < €qUOL pTo
ducers
Some non-equol pro-
ducers also was detected
both genes.
two one-
week
sessions:
re 1:1ar After soy intake:
dietg deflly Tll?iﬁd(;bacl';eriumd
) | Lactobacillus an
<‘3xclud- Ch?itnges mn fe.c?d b??.C- unclassified Clostri-
Postrme- Revival soy bar ;;gdfl?t,s t?:; sziozl:llon 1; diaceae
nopausal 17 postmeno- ‘(160 mg of soy from f;‘; aftzr ZPLV Zek (‘)’;(;O S-(-)equol produc- [25]
women pausal women | isoflavones and sheafise] o i S0y ers:
1 g saponin) 2 let-supplementation. 1 Bifidobacteri-
reoular um, Rothia, other
dietg dail Bifidobacteriaceae
with Y and Actinobacteria
o | Roseburia
diet-sup-
plemen-
tation
. Enrichment of
Faecal slurries .
from meno- some bacter%al gut,
Experi- | pausal women 80 fngéday ot 6 Bioconversion of isofla- S%Ch asl'golhn? clla, 3
mental | with an equol atl isoravone months vones into equol accalibacterium (8]
Jucer concentrate and members of the
};lro Clostridium clus-
phenotype ters IV and XIVa.

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ

Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 9 of 21
Obesity and its complications
Informa-
Questionnaire tion was It was identified 32
. collected ) .
about dietary b Equol producers species of bacteria
Cross—sec- | Adul d intake. Isofla- 3_}(; A showed lower preva- associated with
ross :llec 1 8_5;8 8¢ | vones and other 5 4_1}” lences of dyslipidemia, | equol production,
tion JEAS I utrient intakes ) which suggests the including Adler-
stud Beijin dietary 5 [26]
Y Jing were calculated record important role that creutzia equolifa-
according to and food equol might play in ciens and Bifdobac-
China Food frequen- lipid metabolism by gut terium bifidum.
Composition, - zues— microbiota.
2009 ton-
naire.
'The equol+ODMA
producer phenotype
reflects the composite
Rando- Adu'l ts (n=17) - of biochemical markers,
mized with car- Soy nuts or vieeks, intermediary metab-
’ | diometabolic | control food. | separat- . Y .
controlled, . olism and secondary Not applicable [27]
risk ed by a ..
Crossover rwoweek metabolites influenced
design hout by gut microbiota pro-
WaShOUL | files and does not shift
markedly following soy
consumption.
Soy isofla- a soy
Healthy men vones (80- chal- .
blIzgilin d aged 50-75 mg aglycone lenge iia;te Sgy ;;%l\l;;
er 0 y who were | equivalents) on | was con- tIi)nOVte Cn 11-1 éo/
d ;iz d screened to be | arterial stiffness | sumed quuz 5 q (r)iak £ car ° Not applicable [28]
(1)1tr IT g | ata 10-20% | [carotid-femo- | daily die uee ) rs dio ca o
€0 triol ¢ 10-y absolute | ral pulse-wave | over 3 ovascutain Cslease
4 risk of CVD | velocity (cfP- | consecu- Sustaned.
WV)], tive days
Commercial soy
Obese, over- bar (Revival,
weight, and Kernersville, Once OthMA P r](; d:flert
Obese in- | normal weight | NC) or one- | per day P T_ ortyé)e, ru hon . Not applicabl [29]
dividuals | individuals, | third of abag | for three equo ip © ucietle ¢ i'?h ot appicable
aged 18-95 of soy nuts days P el’a ° iassci)rcl @ de ltw
years (n=297). | (Genisoy, San obesity in adults.
Francisco, CA)

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ

Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2

Page 10 of 21

2% Fermented soy paste B d d
. NAFLD in improved HFD-in- T Bacteroi etes‘an
Experi- hich-fat di . . Proteobacteria
igh-fat diet duced lipid accumu-
mental Fermented soy S .
obese male 9 weeks lation in the liver by .. [30]
S paste . . | Firmicutes
prague activating fatty acid
Dawley rats oxidation and modulat-
ing gut microbiota.
Negative: chow
diet .
Positive: High- 1 Bactermdetes‘and
. . Proteobacteria
. fat diet for nine
High-fat .
. . weeks to induce .
Experi- diet obese . | Firmicutes and
obesity 4 weeks L [31]
mental | male Sprague Firmicutes/Bacte-
Test: Obese . .
Dawley rats . . roidetes ratio
mice + Soy iso-
flavone extract
(150 or 450mg/
kg)
Normal chow
diet with 13.5%
kcal fat :
) ) ) The modulation of
H1gh—fat IEI1gh—fattd1§t serum glucose and lipid
diet (HF- 2§f)>/con}111 101 levels occurs via alter- | Cooked soybean:
D)-induced i ations in the internal
Experi- | hyperglyce- ol 2% ez microbiota, leading to Dominant bac-
YPEIEY powder 73%) | 14 weeks R & . ) [32]
mental mic (male the inhibition of cho- teria Bacteroi-
S cooked soybean lesterol synthesis and des changed to
D op | (40 mg/kg body romotioi,l of lipolysis Prevot%lla
Dawley (SD) weight/day), or P polysis.
rats) probiotic fer-
mented tempeh
(40 mg/kg body
weight/day)
GE+ NOD males:
soy-free diet 1 Prevotella
vehicle control | blood glucose level | Alistipes and
Adult non- (VH; 25 mM and improves glucose Blautia
obese dia- | sodium carbon- tolerance GE+ NOD fe-
Experi- | betic (NOD) ate 5 Produces anti-inflam- males: 33]
mental | mouse model | soy-based diet | months matory responses 1 Erysipelotricha-
(male and genistein (GE) Produces a perturbed ceae
female) at 20 mg/kg gut microbiota in both | Escherich-
body weight by males and females ia, Lachnoslira,
gavage daily. Firmicutes and
Enterococcus

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.



Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2

Page 11 0of 21

Vehicle (0.1
ml/10 g body
weight sodium Gut Microbiota was
Offspring of carbonate) Em- perturbed toward a
‘ non-obese Isgﬂax:’one bryonic pro-inflammatory Female oﬁspri.ng:
Experi- diabetic mi genistein (20 dav 7 to | TESPOnse among female | 1 Enterobacteriales [34]
mental HADETC MICE 1 e /kg body AT offspring, But toward | | Bacteroides/Fir-
(male and weight) postnatal anti-inflammatory micutes ratio
female) Isoflavone day 21 response among male
genistein (20 offspring
mg/kg body
weight)
In vitro assays
with RAW | Biotransformed 1 £ anti
Eroeri. 264.7 murine | soymilk with N ) mprovement of anti-
peri hages cannase and otap ox1dgr}t capacity and Not applicable [35]
mental | TocroPhAs —olveosid plicable anti-inflammatory PP
and 3T3-L1 B-glycosidase responses
murine pread- SHaEs
ipocytes
Inflammatory bowel disease (IBD)
Biotransformation:
Biotransformed Improvement in agly-
Experi- | In vitroassays | soymilk with | Notap- | cone content and anti- .
mfntal with Caco-g ta}rflnase and plicabllje oxidant capacity Not applicable [36]
probiotic strains Caco-2: anti-inflamma-
tory activity
Cancer
40 consecu-
tive subjects Soy derived
undergoing | product chal- Parabacteroides
colonoscopy, lenge: distasonis, Clostrid-
of both sexes | 4 capsules of ium clostridioforme
aged 50-75 | afood supple- 'The genus Bacteroides | and Pediococcus
Subjects years ment based on | 1 month | in the fecal samples | pentasaceus only in
undergo- | 20 with spo- | standardized after of the control groups control group [37]
ing colo- | radic colorec- | soy extractin | colonos- | seems to be involved in
noscopy | tal adenomas | daidzein-rich copy the transformation of | Bacteroides fragi-
(SCA/P isoflavones (11 daidzein into equol. lis and Prevotella
group) mg daidzein melaningenica only
20 without and 4.38 mg in SCA/P fecal
proliferative | genistein/cap- samples.
lesions (con- sule)
trol group)

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ

Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 12 0of 21
Control diet
(16% of calories
from fat) 21 microbial
Transgenic }SOEtrfol zr}d 22 weeks P_hylotypfas were
adenocarcino- ( 4010§ R fat lleF of HFD ou | . ‘ iricr(ilasle an
ma of mouse fo ° cfa OTIES | ontrol diet | dietary high fat intake % Y otyp(ej:ls'
prostate rom _at) may promote prostate | Were decreased in
Experi- Balit%ﬁ:ic(ﬁ carcinogenesis via abundanrcotilm HFD
m epntal Transgenic Zeirgl dissolved adversely affecting the group [38]
adenocarcino- | i1 0.2ml of 4 days of gut m'%crobiota .alnd Correlations
ma of mouse | DMSO for the | EIVeN~ | microbiota-mediated between equol
rlErostat(i) first 3 days, and e equol metabolism. | and Adlercreutzia,
( mI uoﬂd; 11 ) (zir.ggocl)‘fec(liaiizggl Ruminococcus
ml of DMSO and Rikenella.
on the fourth
day)
Antibiotics
Odoribacter,
1 isoflavone metabo- Llctobzzlilli(; and
Antibiotics Dietary of 3 days of Hisor o wrtine Alistipes (soymilk)
cocktail-in- | soymilk or fer- | antibiotics . 1 Bacteroides
. Fermented soymilk .
duced pseudo | mented soymilk | + 28 days ] and Lactobacillus
Bt B A R o I iy e i £, || 20
peri germ-free in rom Lactoba of antibi focal enzvime activi (soymilk from L.
mental | male BALB/c | cillus rhamnosus | oticsasso- ¥ v rhammnosus strain)
mice sFrﬁin with' Er ciateq with | Kept the balance of lin F);l‘ctffrial taxa
w1't out antibi- experimen- |y gut microbiota (anti 1ot1.cs were
otic treatments tal diet h . concomitantly
when antibiotics were o )
used. administered with
soymilk)
Dinitro- flu- Negative: non- l contact h'yp CISEBSIT 1 Antibiotic-treated
orobenzene CHS tivity mice:
(DNFB)-in- .. 3 weeks C,

. Positive: CHS . . 1 Proteobacteria
Experi- | duced contact Dictary sov iso- before the Gut microbiota | Bacteroidetes and | [40]
mental hypersensi- a y '}ich first DNFB influenced their Actinobacteri

tivity (CHS) %‘;Enei Wlt.b?_r challenge. | suppressive activities F'C 1o talc /ega .
in female th Su :m ! ; on contact hypersen- T . 1rrr‘1(11c1t1 cs " ac
BALB/c mice. | CtiC treatments Sy eroidetes ratio
.. Negative: non- soymilk-treated
Dinitro- flu- & y
k _ :
orobenzene CHS bif‘::t}ie | contact hypersensi- non-CHS:
(DNFB)-in- L. tivity .

. Positive: CHS | first DNFB 1 Lactobacillaceae
Experi- | duced contact challenoe [41]
mental hypersensi- Soymilk-treated | and cof— | changes in the gut Turicibacterace-

tivity (CHS) non-CHS and | tinuine for microbiota caused by 2 levels are not
in female Tk 8 CHS .
- soymilk-treated | 29 days. affected by soymilk
BALB/c mice. i
CHS consumption

Cintia Rabelo e Paiva Caria, ez a/. (2021). Impact of Soy Isoflavones on Gut Microbiota Dysbiosis. CPQ
Nutrition, 42),01-21.




Cintia Rabelo e Paiva Caria, ef al., CPQ Nutrition (2021) 4:2 Page 13 of 21

As previously mentioned, the positive effects of isoflavones consumption on health are highly dependent
on isoflavones bioavailability, which is influenced by several factors, including dose and frequency of
consumption, isoflavone food source, sex, age, intestinal microbiota composition, and gut transit time [14].

Soy isoflavones act as compounds of phytoestrogens, as they are structurally and functionally similar to
estradiol, and thus bind to estrogen receptors and perform various biological activities, including the relief of
symptoms associated with menopause and associated diseases [9]. In this context, as soy isoflavones interact
with the signaling pathways of estrogen, the main female sex hormone, there is concern that these compounds
feminize men. A recent meta-analysis examined clinical data published over the past two decades on the
effects of soy intake on estrogen levels in men, demonstrating that soy intake or its isoflavones do not affect
the levels of total testosterone, free testosterone, estradiol or estrone, even when exposure occurs in the long
term and exceeds the amount of isoflavones ingested by Asian populations. Despite the lack of effect of soy
intake and exposure to isoflavone in these reproductive hormones in men, it cannot be concluded that its
ingestion has no hormonal effect, but isoflavones can also have independent biological effects on hormone

levels [42].

However, the effectiveness of isoflavones is related to an individual’s ability to convert their glycosylate forms
into equol [8,9]. Equol is a metabolite of daidzein produced exclusively by the intestinal microbiota of only
a few individuals, resulting in a wide range of beneficial health effects due to its superior nutraceutical effect
compared to soy isoflavones [9,43].

A randomized clinical trial with 60 postmenopausal women showing symptoms of genitourinary syndrome,
was administrated isoflavones (150mg of dry glycine extract max) in association with the use of probiotics
(Lactobacillus acidophilus, L. casei, Lactococcus lactis, Bifidobacterium bifidum and B. lactis) for 16 weeks, resulted
in an increase in daidzein, glycitein, equol intermediate and O-dimethylangolensin content. However, the
increased content of isoflavones and their metabolites did not alleviate vulvovaginal symptoms [21], Table
1. The relationship between the gut microbiota and lifestyle habits in postmenopausal Japanese women
were investigated from self-administered questionnaires, fecal microbiome analysis and urinary equol
concentration. This study showed that 97% of women had equol-producing bacteria, but only 22% had
equol-producers, while more than 50% of subjects with equol-producers were constant consumers of soy-
based foods among other foods and showed significantly higher microbiota diversity compared with non-
equol producers women, with higher percentage of Firmicutes and lower of Proteobacteria [19], (Table
1). In another study with postmenopausal women, a daily soy diet-supplementation (containing 160mg of
soy isoflavones and 1g saponin) for one week, resulted in changes of fecal bacteria composition, increasing
Bifidobacterium and decreasing Lactobacillus and unclassified Clostridiaceae. For equol producers women
there was an increase of Bifidobacterium, Rothia, other Bifidobacteriaceae and Actinobacteria, and reduction
of Roseburia, supporting the hypothesis that equol production is dependent on gut microbiota composition

[25], (Table 1).

In order to detect and quantify equol-producing bacteria, a study used two sets of targeted primers involved
in equol synthesis, the dihydrodaidzein reductase (ddr) and tetrahydrodaidzein reductase (tdr) genes. Both
primers showed high specificity when used in the DNA of control bacteria, such as Slackia isoffavoniconvertens,
Slackia equolifaciens, Asaccharobacter celatus, Adlercreutzia equolifaciens and Enterorbabdus mucosicola. In fecal
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samples from menopausal women treated with soy isoflavone concentrate (80mg genistin / daidzine) for 6
months, the tdr gene was detected in the feces of all women producing equol, while the ddr gene was detected
only in two of the three women considered to be previously detected equol producers of the molecule
in urine. However, no significant increase in the number of copies of equol-related genes was observed
during treatment with soy isoflavone concentrate and, moreover, in fecal samples from women, tdr and ddr
genes not producing equol, suggesting that the genes used may be non-functional or possibly daidzein has
been metabolized to other compounds in samples from these two women producing equol [24], (Table
1). Although this work did not relate the genes used to the treatment with the soy isoflavone concentrate,
the species of bacteria Adlercreutzia equolifaciens, Slakia isoflavoniconvertens and Slakia equolifaciens, used as
control of the PCR assays, as well as other species Streptococcus intermedius, B. ovatus , Ruminococcus products,
Eggerthella sp. Julong732 are known for the conversion of dadzein to equol by the minority of individuals,
while the conversion of dadzein to O-DMA occurs from the involvement of a species of Clostridium by the

majority of individuals [44].

In order to assess the impact of isoflavone supplementation on intestinal bacterial composition and its
associated transformations, fecal samples from menopausal women with an equol-producing phenotype
treated with an isoflavone concentrate (80mg/day) for 6 months were added to a model of anaerobic culture
in vitro, resulting in the bioconversion of isoflavones into equol, as well as in the enrichment of some bacterial
strains, such as Collinsella, Faecalibacterium and members of Clostridium clusters IV and XIVa [8], Table 1.

In another study involving faecal samples from three women producing equol, several bacterial strains
capable of producing dihydrodaidzein and O-DMA from daidzein and dihydrogenistein from genistein
were detected. However, none of the strains tested produced equol from daidzein, although the isolate
W18.34a was identified as 4. equolifaciens, a well-described equol-producing species. In this study, the
authors suggested deletions within the operon equol for the strain W18.34a, among other strains that could
produce equol, contributing to the argument of the coexistence of bacterial strains that produce and do not
produce equol in the human intestine [17], Table 1. On the other hand, a study used 37 strains of dominant
and representative bacterial populations of isoflavone glycosides from the human intestine (daidzine and
genistin), their aglycone derivatives (daidzein and genistein) and equol, against bacterial strains, resulting in
the modulation of the number of species essential bacterial in the intestine, such as reduction of Bacteroides
fragilis, Lactococcus lactis subsp. lactis and Slackia equolifaciens from genistein, in addition to the increase in
Lactobacillus rhamnosus and Faecalibacterium prausnitzii from genistein and equol [18], Table 1.

Some dietary strategies have been used in order to modulate the gut microbiota, bringing improvements to
health. Probiotics, defined as bacterial food supplements, are known to modify the composition of intestinal
bacterial populations and their products, maintaining, or improving health or even for therapeutic purposes

[45].

The combination of probiotics to any substrate that is capable of resisting the upper gastrointestinal
environment and being made available to the intestinal microbiota, stimulating the fermentation of
beneficial bacteria [45], act synergistically, stimulating proliferation and/or activating the metabolism of
health-promoting bacteria [46]. The consecutive association of fermented soy milk (FSM) with Lactobacillus
casei Shirota (LcS), a known probiotic, resulted in increased levels of isoflavones in the urine and the levels
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of Lactobacillaceae increased significantly and those of Bifidobacteriaceae tended to increase in healthy
Japanese women in pre- menopause. In contrast, the levels of Enterobacteriaceae and Porphyromonadaceae
decreased significantly during the period of ingestion in the FSM group. From these results, it was suggested

that only the FSM beneficially modifies the intestinal microbiota in healthy pre-menopausal women [23],
(Table 1).

On the other hand, some drugs may adversely affect the intestinal microbiota. Oral ciprofloxacin for
example, commonly used to treat acute cystitis among postmenopausal women. In this context, a study
investigated the effect of short-acting oral ciprofloxacin (250mg twice a day for three consecutive days) on
the pharmacokinetics of isoflavone (single oral - 375mL of UHT soybeans) in healthy postmenopausal
'Thai women, resulting a significant decrease of dadzein and genistein. In this study, the reduction in the
bioavailability of isoflavones after the use of ciprofloxacin, was associated with a presumed decrease in the
amount of intestinal microbiota. However, a direct quantification of the fecal microbiota has not been
performed, which could determine the impact of oral ciprofloxacin on the intestinal microbiota [20], Table

1.

'The consumption of a high-fat diet or Western diet is also considered responsible for changing the intestinal
microbiota generating dysbiosis, which triggers local inflammation and causes an increase in intestinal
permeability, thus allowing the absorption of lipopolysarides (LPS) [47], and mucosal immune responses,
contributing to the development of obesity and chronic inflammation [31]. The increase in intestinal
permeability is also associated with a reduction in Bifidobacteria spp, bacteria known to reduce LPS levels
and also improve intestinal barrier function. In addition, the high-fat diet is able to induce the proliferation
of gram-negative bacteria, such as Enterobacteriaceae, which is also associated with an increase in plasma

LPS [47].

A cross-sectional study with peri- and post-menopausal women, consuming at least three or more servings
of soy per week, related O-DMA non-producer phenotype with obesity, however equol non-producer
phenotype was not associated with obesity [32], Table 1. In Chinese adults, equol producers showed
lower prevalences of dyslipidemia, which was associated with presence of 32 species of bacteria, including
Adlercreutzia equolifaciens and Bifdobacterium bifidum. However, equol production was not determined by
intake of soy isoflavones, suggesting that gut microbiota is critical in the equol production process [26],
Table 1. ODMA-producer phenotype was also related with obesity, even after ingestion commercial soy
bar for three days [29]. In addition, soy isoflavones (80mg aglycone equivalents) daily ingestion over three
consecutive days, was able to reduce arterial stiffness, reducing risk of cardiovascular disease in healthy
men [28]. In contrast, adults with cardiometabolic risk factors that received soy nuts for four weeks did
not present any healthy benefit, but equol+ODMA producers were associated with gut microbiota profiles
through of composite of biochemical markers, intermediary metabolism and secondary metabolites [27].

From animal studies, non-alcoholic fatty liver disease (NAFLD) in high-fat diet (HFD) obese male
Sprague Dawley rats, 2% of fermented soy paste for 9 weeks improved HFD-induced lipid accumulation
in the liver by activating fatty acid oxidation and modulating gut microbiota, increasing Bacteroidetes and
Proteobacteria, and reducing Firmicutes [30], Table 1. Another study with HFD obese male Sprague Dawley

rats, the treatment with soy isoflavone extract (150 or 450mg/kg) for 4 weeks also resulted in an increase of
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Bacteroidetes and Proteobacteria and reduction of Firmicutes and Firmicutes/Bacteroidetes ratio [31], Table
1. Besides that, the treatment with cooked soybean (40mg/kg body weight/day) or probiotic fermented
tempeh (40mg/kg body weight/day) for 14 weeks promoted lipolysis, inhibiting cholesterol synthesis and
modulated gut microbiota, increasing Bacteroides and changed to Prevotella [32]. In adult non-obese
diabetic (NOD) mouse model (male and female), genistein (20mg/kg body weight) daily for 5 months
reduced blood glucose levels, improved glucose tolerance, produced anti-inflammatory responses and also
perturbed gut microbiota in both males and females, increasing Prevotella and reducing A/istipes and Blautia.
In NOD females also increased Erysipelotrichaceae and reduced Escherichia, Lachnospira, Firmicutes and
Enterococcus [33]. Another study with NOD model treat with genistein (20mg/kg body weight) during
embryonic day 7 to postnatal day 21, gut microbiota was perturbed toward a pro-inflammatory response
among female offspring, increasing Enterobacteriales and reducing Bacteroides/Firmicutes ratio, but toward
anti-inflammatory response among male offspring [34].

In an in vitro study, biotransformed soymilk with tannase and B-glycosidase enzymes showed antioxidant
and anti-inflammatory activity in RAW 264.7 murine macrophages and 3T3-L1 murine preadipocytes.
Although no reduction in lipid accumulation was observed by the 3T3-L1 adipocyte assay, biotransformed
soymilk was able to reduce the expression of inflammatory cytokines, such as TNFo and IL-6, protecting
cells from oxidative damage and helping to maintain health under stress inflammatory conditions [35].

In another in vitro study using the Caco-2 cell line, biotransformed soy milk with tanase in association
with probiotic strains, resulted in an improvement in aglycones content, reduced intracellular reactive
oxygen species production, as well as anti-inflammatory responses, demonstrating a positive impact of
soy isoflavones present in biotransformed soy extract on antioxidant defense systems and modulation of
intestinal inflammation [36].

'The microorganisms present in the host can be permanent or transient residents, as well as their by-products,
including toxic metabolites that can contribute to the appearance or progression of cancer in places far from
where a specific microorganism resides, but can also migrate to other parts of the organism and become
associated with the development of tumors. Therefore, an organism’s resident microbiota plays an essential
role in activating, training and modulating the host’s immune response [11].

In this context, some studies have shown an association between different types of cancers being influenced
by soy isoflavones consumption and gut microbiota composition. Subjects of both sexes with or without
precancerous lesions, undergoing colonoscopy received four capsules of soy extract containing 11mg of
daidzein and 4.38 mg genistein per capsule. Seventeen bacterial species were present in the fecal samples,
while ten species belong to the Bacteroides genus. Parabacteroides distasonis, Clostridium clostridioforme
and Pediococcus pentasaceus were identified only in control group, while Bacteroides fragilis and Prevotella
melaningenica were identified only in colorectal adenomas group. Regarding the daidzein and genistein
levels, no significant differences were observed between the groups, however, urinary equol were lower in
colorectal adenomas subjects compared to controls [37], Table 1. The results obtained in this study suggest
that the presence of Bacteroides genus in the fecal samples of control subjects seems to be involved in the
daidzein transformation to equol, an antioxidative, anti-carcinogenic molecule, which shows the most active
estrogenic properties of soy isoflavones. In the transgenic adenocarcinoma of mouse prostate model fed with
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control or HFD and treat with 3mg of daidzein for the first three days and 6 mg of dadzein on the fouth
day, resulted in the increase of 21 microbial phylotypes and reduction of 11 phylotypes, including decreased
of equol-producing bacterium Adlercreutzia. This study, also revealed lower levels of equol in HFD group,
suggesting that HFD may promote prostate carcinogenesis through adversely affecting equol-producing
bacterium [38], Table 1. In another experimental study, the humanization of germ-free RAG2-/- athymic
female mice were carried out by transplanting fecal samples from breast cancer patients before and after
chemotherapy in order to investigate whether the intestinal microbiota of breast cancer patients could be
modulated by genistein. For that, humanized mice were treat with genistein supplemented (special corn oil
customized diet) for four weeks, resulting in the increase of Lactococcus and Eubacterium genus, confirming
the hypothesis that genistein modulates the gut microbiota and may contribute on increasing the latency of
breast tumor and reducing tumor growth [48], Table 1.

'The use of antibiotics also dramatically affects bacterial composition and consequently isoflavone absorption
and metabolism [4]. A fermented soymilk from Lactobacillus rhamnosus strain diet with antibiotic treatment
improved fecal enzyme activity and kept the balance of the gut microbiota, increasing isoflavone metabolites
in urine, besides increasing Bacteroides and Lactobacillus, and reducing in bacterial taxa in germ-free in male
BALB/c mice [39], Table 1. In another study using dinitro- fluorobenzene-induced contact hypersensitivity
in female BALB/c mice, dietary with soy isoflavones associated with antibiotics treatments resulted in
the increase of Proteobacteria and Firmicutes/Bacteroidetes ratio, and reduction of Bacteroidetes and
Actinobacteria [40], Table 1. In the early study, the same researchers investigaded changes in the gut
microbiota caused by dinitro- fluorobenzene-induced contact hypersensitivity in female BALB/c mice
in association of soymilk, improving contact hypersensitivity and changing the gut microbiota caused by
contact hypersensitivity, increasing mainly Lactobacillaceae [41], Table 1.

Conclusions

It was possible to confirm that isoflavones can modulate the intestinal microbiota, but the effects seen
on dysbiosis are not fully understood, because the amount of species that are found according both to a
preexistent diet and/or after a supplementation with soy isoflavones and its subproducts. We could observe
that many studies concerning the Asian diet, which is notably rich in soy products, may call our attention
to the importance of isoflavones, but they are not a good parameter for studies regarding the difficulties in
keeping studies patterns beyond isoflavones. A clinical randomized trial was not able to measure microbiota
changes and more studies with equol producers are needed in order to characterize the responsible populations
in microbiota. Experimental studies show a better controlled diet and soy isoflavones intake, thus an increase
in Prevotella and a decrease in Firmicutes populations were observed in studies which verified changes in
microbiota due to obesity and NAFLD. Further studies are necessary regarding cancer and inflammatory
bowel disease. The use of antibiotics has a drastic effect on microbiota with or without isoflavones intake,
however the presence of isoflavones decreases contact hipersensivity and keeps the balance of gut microbiota
during antibiotics use.
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