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Abstract: Flavonoids, compounds present in many dietary supplements, affect growth of different
bacterial species when tested as purified or synthetic substances. Here, we asked if soy isoflavone
extracts, commonly used in many products sold as anti-menopausal dietary supplements, influence
bacterial growth similarly to synthetic isoflavone, genistein. Four commercially available products
were tested in amounts corresponding to genistein concentrations causing inhibition of growth of
Vibrio harveyi (a model bacterium sensitive to this isoflavone) and Escherichia coli (a model bacterium
resistant to genistein). Differential effects of various extracts on V. harveyi and E. coli growth, from
stimulation, through no changes, to inhibition, were observed. Moreover, contrary to genistein,
tested extracts caused a decrease (to different extends) in viability of human dermal fibroblasts.
These results indicate that effects of various soy isoflavone extracts on bacterial growth and viability
of human cells are different, despite similar declared composition of the commercially available
products.
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1. Introduction

Flavonoids are polyphenolic compounds present in many food products, including
vegetables, fruits, tea and others [1]. They are known as molecules of various biological activities [2,
3]. Among these activities, some have been recognized as beneficial for human health, particularly:
antioxidative properties, free radical scavenging capacity, coronary heart disease prevention,
hepatoprotective, anti-inflammatory, and anticancer functions, as well as antiviral and antimicrobial
actions [4]. Some studies indicated that flavonoids, especially isoflavones, can be also considered as

drugs for genetic diseases [5, 6].

It was demonstrated previously that certain flavonoids have antibacterial activities which
may result from inhibition of synthesis of macromolecules [7]. Subsequent studies confirmed this
discovery and extended our knowledge in the field (summarized in [8, 9]). In fact, recent reports
indicated that flavonoids can significantly influence human intestinal microbiota by inhibiting
growth of certain bacterial species [8]. This is also true for dietary flavonoids and those present in

food supplements or nutraceuticals [10].

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.
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One of the most popular groups of dietary supplements and nutraceuticals are soy
isoflavones [11]. Isoflavone-rich soy extracts (in which genistein is a predominant flavonoid) are
commonly used products recommended against menopausal symptoms [12]. On the other hand,
isoflavones are one of the strongest antimicrobial agents among flavonoids, with genistein giving the
most pronounced results [7, 13]. Therefore, the aim of this work was to test effects of commercially
available dietary supplements/nutraceuticals containing soy isoflavone extracts (rather than purified
isoflavones or their mixtures with precisely defined content) on model bacterial species. We asked
the question how these commonly available dietary supplements and nutraceuticals might influence
growth of bacteria. As models, the most sensitive to isoflavones — Vibrio harveyi, and the most resistant
to these compounds — Escherichia coli, bacterial species (as determined previously [13]), were chosen.
Moreover, effects of these extracts on viability of human cells (dermal fibroblasts) were tested. These
studies were also substantiated by the fact that previous reports indicated that various commercially
available soy extracts differ considerably in actual amounts of isoflavones relative to those declared
by manufacturers [14-16]. Therefore, we assumed that testing biological activities of these products
is of particular interest. Our results indicated differential effects of various soy isoflavone extracts on
bacterial growth and human fibroblast viability, highlighting the problem of different quality of
certain dietary supplements and nutraceuticals sold over-the-counter in vast majority of, if not all,

countries.

2. Materials and Methods

2.1. Bacterial strains and growth conditions

Laboratory strains V. harveyi BB7 [17] and E. coli MG1655 [18] were used. Bacteria were
cultured in nutrient media, either BOSS [19] (for V. harveyi cultivation) or LB [20] (for E. coli
cultivation), at either 30°C (V. harveyi) or 37°C (E. coli) in shaking flasks.

2.2. Cell line and cell cultures
The cell line of human dermal fibroblasts - adult (the HDFa line) was employed. Cells were
maintained in the DMEM medium containing 10% fetal bovine serum and the penicillin—

streptomycin mixture. Cells were cultured at 37°C in a humidified atmosphere with 5% COs.

2.3. Soy isoflavone extracts and synthetic genistein
Four commercially available products, registered as either medicines/nutraceuticals or

dietary supplements, which should contain considerable amounts of soy isoflavones, as declared by
the manufacturers, were used. These products, referred to as extracts no. 1, 2, 3 and 4 in this report,
were purchased commercially in Poland. The compositions of these extracts, according to
information provided by manufacturers, are shown in Table 1. Synthetic genistein (manufactured as
described previously [21]) was purchased from Pharmaceutical Research Institute in Warsaw
(Poland).
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Table 1. Compositions of tested extracts
Extract no. Composition (amount per tablet)
Extract 1 Soy concentrate (125 mg) including soy isoflavones (50 mg), calcium

(500 mg), vit. D3 (5 ug), thiamine (1.4 mg), riboflavin (1.6 mg), vit. B6
(2 mg), vit. B12 (3 pg), biotin (150 pg), folic acid (150 pg)

Extract 2 Soy isoflavones (50 mg), extract from cone hops, extract from flax
seeds (10 mg), calcium (400 mg), vit. E (12 mg), vit. D3 (5 ug), vit. B6
(1.4 mg), folic acid (200 ug), calcium carbonate (a.n.s.), cellulose
(a.n.s.), titanium dioxide (a.n.s.), bee wax (a.n.s.), Carnauba wax

(a.n.s.)

Extract 3 Soy concentrate (350 mg) including soy isoflavones (35 mg), gelatin

(a.n.s.), magnesium stearate (a.n.s.), titanium dioxide (a.n.s.)

Extract 4 Soy concentrate (100 mg) including soy isoflavones (26 mg),
microcrystal cellulose (a.n.s.), magnesium stearate (a.n.s.), talc

(a.n.s.), glycerol (a.n.s.)

Compositions are as provided by manufacturers; a.n.s., amount not specified by manufacturer

2.4. Monitoring of bacterial growth

Bacteria were cultured overnight under conditions described above. Following dilution of the
culture with fresh medium, at the v/v ratio 1:100, bacteria were cultured under the same conditions,
and Asss was measured every 15 min. The extracts were purchased in the form of tablets, which were
crushed and dissolved in DMSO. Such extracts were added to the bacterial cultures at Asos = 0.1 to
final concentrations corresponding to 30, 60 and 100 uM genistein (included in each extract). In
control experiments, either DMSO (negative control) or genistein (positive control) was added.
Growth curves were analyzed, and bacterial generation times were calculated on the basis of Asos

values at the exponential phase of bacterial culture growth.

2.5. MTT cell viability assay

4 x 10° HDFa cells were passaged in each well of 96-well plate, and allowed to attached
overnight. Cells were then treated with DMSO (negative control), or 30, 60 or 100 uM genistein
(positive control), or extracts (at final concentrations corresponding to 30, 60 or 100 UM genistein,
included in each extract) at 37°C. After 24 or 48 h incubation, 25 pl of MTT solution (4 mg/ml) was
added to each well. Following 3 h incubation at 37°C, formazan crystals, formed in living cells, were
dissolved in 100 ul of DMSO. Absorbance was measured at 570 nm and 620 nm (reference

wavelength) in a Victor? microplate reader.
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3. Results and Discussion

It was reported previously that determination of growth rate, particularly generation time, in a
liquid culture can be considered as an optimal method for estimation of effects of flavonoids on
bacteria [13]. This is because methods based on diffusion are problematic due to low rate of diffusion
of flavonoids, and other factors (like inoculum size, disk size, incubation period) may influence the
results [22]. Therefore, to determine if tested soy isoflavone extracts influence growth of two bacterial
species, V. harveyi (previously demonstrated to be sensitive to genistein [7, 13]), and E. coli (previously
demonstrated to be resistant to genistein [7, 13]), we monitored growth of bacterial liquid cultures

and calculated generation times in the presence and absence of isoflavone(s).

Representative growth curves are presented in Fig. 1 (for V. harveyi) and Fig. 2 (for E. coli), and
calculated generation times are shown in Table 2 (for V. harveyi) and Table 3 (for E. coli). Generation
times were calculated for two time periods, first, from the addition of the tested compound or extract
through 30 min (i.e. 0 — 30 min, where 0 is the time of the addition), and second, between 60 and 120
min after the addition (i.e. 60 — 120 min). As expected, genistein impaired growth of V. harveyi in both
time periods, while it had no significant effect on E. coli. However, differential effects were observed
for various soy isoflavone extracts. Extract 1 stimulated V. harveyi growth shortly (0 — 30 min) after
its addition to the culture, while strongly inhibiting the growth later on. Similar, though less
pronounced, effects were observed for extract 3. On the other hand, extract 2 caused only some
stimulation of V. harveyi growth shortly after its addition to the culture, and had no significant effect
in the 60 — 120 min time interval. Extract 4 revealed the weakest effect on V. harveyi growth, as the
only considerable change in growth rate was noted only at the highest tested concentration between
60 and 120 min after culture supplementation.

Although genistein did not influence growth of E. coli, extracts 1 and 2 caused a significant
shortening of the generation time immediately after their addition to the culture. Moreover, addition
of extract 3 at the highest concentration resulted in a longer generation time of the E. coli culture in
the time interval 60 — 120 min.

These results indicated that despite using the same concentrations of soy isoflavones (among
which genistein is highly predominated [23]) present in various commercially available products, as
declared by extract manufacturers, their effects on bacterial growth were different. These differences
might arise from either discrepancies between declared (by manufacturers) and actual amounts of
isoflavones in tablets (the phenomenon reported previously for other extracts [16]) or activities of
other compounds (either identified molecules or unidentified substances from extracts or both)
present in the products (see Table 1). Irrespective of the cause of this phenomenon, differential effects
of tested extracts on bacterial growth are evident. This might be especially important in the light of
recent studies which demonstrated that flavonoids can significantly influence human gut
microbiome [8, 10].

Other differential biological effects of various soy isoflavone extracts were reported previously,
when synthesis of glycosaminoglycans was tested in human fibroblasts [16]. Therefore, we have also
tested effects of investigated extracts on viability of human cells (the HDFa cell line). By using the
MTT test, we have estimated the fraction of viable cells after different times of treatment with tested

extracts at different concentrations.
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Table 2. Generation times of V. harveyi cultures treated with different compounds
Sample Generation  p value: p value: Generation p value: p value:
time (min)  samplevs. samplevs. time (min) sample vs.  sample vs.
[0-30 min] DMSO genistein [60-120 min] DMSO genistein

Genistein

0uM 24+2 N/A N/A 42+3 N/A N/A

(DMSO)

30 uM 26+1 0.0913 N/A 50+3 0.0168* N/A

60 uM 29+5 0.0451* N/A 53+3 0.0054* N/A

100 UM 34+4 0.0190* N/A 60+3 0.0014* N/A
Extract 1

0uM 24+1 N/A N/A 4242 N/A N/A

(DMSO)

30 uM 18+1 0.0013* 0.0001* 60+11 0.0387* 0.1704

60 uM 15+0 0.0002* 0.0212* 109+36 0.0387* 0.0623

100uM  13+1 0.0010* 0.0010% 133+52 0.0388* 0.0722
Extract 2

0uM 22+0 N/A N/A 4245 N/A N/A

(DMSO)

30 uM 2142 0.2561 0.0420% 45+6 0.5641 0.3980

60 M 20+ 0.0022* 0.0112* 47+1 0.1647 0.0530*

100 M 19+2 0.0249* 0.0004* 48+5 0.1804 0.0295*
Extract 3

0 M 30+2 N/A N/A 44+3 N/A N/A

(DMSO)

30 uM 29+2 03486 0.0550 49+3 0.0161* 0.2564

60 uM 25+2 0.0224* 0.4316 52+3 0.0026* 1.0000

100 uM 203 0.0023* 0.0086* 57+2 0.0002* 0.0798
Extract 4

0uM 21+2 N/A N/A 46+3 N/A N/A

(DMSO)

30 uM 21+3 0.8820 0.0390% 48+2 0.4199 0.2771

60 uM 19+2 0.4216 0.0501 49+2 0.2417 0.0540*

100 uM 172 0.0890 0.0028* 52+1 0.0158* 0.0112*

Generation times were calculated in two periods: between 0 and 30 min after addition of genistein
or extract (or DMSO in control experiments), and between 60 and 120 min after addition of
genistein or extract (or DMSO in control experiments). Results are presented as mean values from at
least 3 independent experiments + SD. p values were calculated using the t-test, statistically
significant differences were assumed when p<0.05 (values marked with asterisks). N/A, not

applicable.
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Table 3. Generation times of E. coli cultures treated with different compounds
Sample Generation  p value: p value: Generation p value: p value:
time (min)  samplevs. samplevs. time (min) sample vs.  sample vs.
[0-30 min] DMSO genistein [60-120 min] DMSO genistein

Genistein

0uM 2243 N/A N/A 41+4 N/A N/A

(DMSO)

30 uM 21+4 0.9027 N/A 41+3 0.9087 N/A

60 uM 19+2 0.3022 N/A 42+4 0.8228 N/A

100uM 203 0.5790 N/A 43+3 0.4406 N/A
Extract 1

0uM 19+1 N/A N/A 48+2 N/A N/A

(DMSO)

30 uM 16+1 0.0513* 0.0397* 50+3 0.5636 0.0170*

60 uM 14+1 0.0194* 0.0039* 53+5 0.4026 0.0299*

100uM  12+1 0.0101* 0.0032* 60+5 0.1390 0.0079*
Extract 2

0uM 19+1 N/A N/A 44+11 N/A N/A

(DMSO)

30 uM 18+0 0.0161* 0.1469 46+10 0.8078 0.3585

60 uM 17+1 0.0132* 0.1518 47+10 0.7427 0.3739

100uM  16#1 0.0015* 0.0274* 48+11 0.6676 0.4649
Extract 3

0uM 20+0 N/A N/A 48+1 N/A N/A

(DMSO)

30 uM 20+1 0.3739 0.4267 51+1 0.0647 0.0071

60 uM 19+1 0.1161 1.0000 50+1 0.0572 0.0117*

100uM  19+1 0.0161% 0.2920 53+1 0.0061* 0.0078*
Extract 4

0uM 2243 N/A N/A 4144 N/A N/A

(DMSO)

30 uM 1943 0.3508 0.4309 42+3 0.8058 0.6843

60 uM 18+1 0.0898 0.1518 44+3 0.3099 0.3867

100uM 1941 0.2635 0.5072 43+1 0.3305 1.0000

Generation times were calculated in two periods: between 0 and 30 min after addition of genistein
or extract (or DMSO in control experiments), and between 60 and 120 min after addition of
genistein or extract (or DMSQO in control experiments).

Results are presented as mean values from at least 3 independent experiments + SD.

p values were calculated using the ¢-test, statistically significant differences were assumed when
p<0.05 (values marked with asterisks).

N/A, not applicable.
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In control experiments, according to previously published results [24], we found no significant
cytotoxic effects of synthetic genistein (Figs. 3 and 4). However, 24 h incubation with extracts were
enough to decrease viability of human fibroblasts by extract 1 (at all tested concentrations) and
extracts 2 and 3 at certain concentrations (Fig. 3). Even more pronounced cytotoxic effects were
observed after 48 h incubation, when viability of human cells was significantly decreased,
particularly in the presence of extracts 1 and 2, and to some extend in the presence of extracts 3 and
4 (Fig. 4).

These results indicated again that various soy isoflavone extracts exhibit differential biological
activities despite the same declared (by manufacturers) content of isoflavones. This is true for effects
on both bacterial and human cells. Although synthetic genistein demonstrated high level of safety
both in vitro [24] and in vivo during clinical studies [25], as well as beneficial profile of antimicrobial
effects [13], confirmed in this study, some extracts revealed significant effects on E. coli growth, and
their cytotoxicity to human fibroblasts was also detected. Since it was demonstrated that different
flavonoids can shape unique gut microbiota profile [26], one might assume a potential influence of
isoflavone-rich diet supplements or nutraceuticals on human intestinal flora. It is worth reminding
that studies from different countries indicated huge variability in compositions of different soy
isoflavone extracts. Setchell et al. [14] analyzed 33 phytoestrogen supplements and extracts, derived
from different countries (USA, The Netherlands, and UK) and found considerable differences in the
isoflavone content from that claimed by the manufacturers; in some products the differences were 5
to 10-fold, and one product contained no detectable amount of isoflavones. The level of impurities
was high in most of the products. Chua et al. [15] found that among 13 commercially available
extracts (purchased in the Washington State, USA), only 4 contained at least 90% of the isoflavone
content claimed on the label. Moreover, in 2 products, impurities exceeded 40% of the total mass of
the extract. Piotrowska et al. [16] analyzed 7 commercially available soy isoflavone extracts, and
determined that amounts of isoflavones were similar to those declared by manufacturers in only 3 of
them. Other products contained significantly less isoflavones than claimed on the label, while one
contained 200-fold lower level. Considerable contaminations were detected in isoflavone-poor
extracts. These facts should be taken into account when the use of soy isoflavone extracts is
considered, especially as local concentrations of the compounds included in a tablet can be high in

human intestine after oral administration of these nutraceuticals or dietary supplements.
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Figure 3. Effects of genistein and different extracts on human cells (the HDFa line) after 24 h

incubation. Either genistein or different extracts were added to the culture medium to indicated final

concentrations. DMSO was added in control experiments. The MTT test was performed. Mean values

from 3 independent experiments are shown with error bars indicating SD. Statistically significant

differences (p<0.05 in the t-test) are marked with asterisks either above particular columns

(differences vs. DMSO control) or above brackets (differences vs. genistein).
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incubation. Either genistein or different extracts were added to the culture medium to indicated final

concentrations. DMSO was added in control experiments. The MTT test was performed. Mean values

from 3 independent experiments are shown with error bars indicating SD. Statistically significant

differences (p<0.05 in the t-test) are marked with asterisks either above particular columns

(differences vs. DMSO control) or above brackets (differences vs. genistein).
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