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Table S1. Dietary phenolic-derived metabolites identified in breast tissues in animal model studies. 

Animal model Diet/compound administration Extraction and analytical conditions 
Identified and(or) quantified phenolic 

metabolites 
References 

Isoflavones  

Female Sprague-

Dawley rats (n=5 per 

group) 

 

 

Genistein-supplemented diet (25 and 

250 mg/kg) from conception to day 21 

post-partum. 

 

Mammary tissues were hydrolysed both with 

and without enzymatic treatment1 for analyses 

of free or total genistein, respectively. 

Quantitative analyses were performed by 

HPLC/MS using genistein standard. 

Free and total genistein (318±56 and 440±129 

pmol/g, respectively) at 7 days, after 250 mg/kg of 

genistein in diet. 

Free and total genistein (304±13 and 370±36 pmol/g, 

respectively) at 21 days, after 250 mg/kg of 

genistein in diet. 

[1] 

Female Sprague-

Dawley rats (n=6 per 

group) 

 

Genistein-supplemented diet (5, 100 

and 500 µg/g) for 7 days, since 

weaning to day 140. 

 

Mammary glands tissues were hydrolysed 

both with and without enzymatic treatment1 

for analyses of free or total genistein, 

respectively. Quantitative analyses were 

performed by HPLC/MS-MS using genistein 

standard. 

Free genistein: 0.12±0.02 (41% of total) and 1.18±0.22 

(49% of total) pmol/mg, after 100 and 500 µg/g 

dose, respectively). 

 

 

[2] 

7-day-old offspring of 

dams Sprague-

Dawley rats (n=6) 

 

Daidzein-supplemented diet (250 

mg/kg) for 7 days, starting at 

conception 

Mammary glands tissues were hydrolysed 

both with and without enzymatic treatment1 

for analyses of free or total daidzein or equol, 

respectively. Quantitative analyses were 

performed by HPLC/MS using daidzein and 

equol standards. 

Free and total daidzein (400±120 and 407±105 

pmol/g, respectively). 

Total equol (27±8 pmol/g). No free equol was 

detected. 

[3] 

Female BALB/cA Jcl-

nu athymic mice 

bearing 

MDA-MB-231 

tumours (n=5) 

Genistein combined polysaccharide 

(GCPTM)-supplemented diet (1%) for 

28 days after the tumour inoculation. 

GCPTM contained 116±8.4mg of 

genistein, 28.5±5.4mg of daidzein, 13.5 

± 2.6mg of glycitein and about 3% of 

insoluble polysaccharides. 

Tumour and normal tissues were hydrolysed 

both with and without enzymatic treatment1 

for analyses of genistein content. Quantitative 

analyses were performed by HPLC using 

genistein, daidzein and glycitein standards. 

The amount of aglycone genistein in GCPTM-

treated tumour tissues (78.42±23.17 µg/mg protein) 

was significantly higher (around 3-fold) than those 

in normal liver and colon tissues. 

The percentages of aglycone genistein in total 

genistein (aglycone and conjugated) were about 

80% in tumour tissues and about 20% in normal 

tissues. Other aglycone isoflavones, including 

daidzein and glycitein, were detectable in tumours, 

but their mean concentrations were lower than 1 

µg/mg protein. 

[4] 
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Female Sprague-

Dawley rats (n=6) 

 

Diet formulated with soy protein 

isolate (containing 0.27 mg/g of 

genistein and 0.21 mg/g of daidzein) 

for 4 days. 

. 

Mammary glands tissues were hydrolysed 

both with acid (ammonium acetate buffer plus 

hydrochloric acid) and enzymatic treatment1 

for analyses of total genistein and daidzein. 

Analyses were performed by LC-MS. 

Isoflavone concentrations in tissues were 

normalised with biochanin A. 

Total genistein (0.11±0.01 and 0.03±0.01 nmol/g, 

after acid and enzymatic hydrolysis, respectively). 

Total daidzein (0.17±0.01 and 0.02±0.01 nmol/g, 

after acid and enzymatic hydrolysis, respectively). 

 

[5] 

3-year-old lactating 

ewe (n=2) 

 

 

Diet containing 50% red clover silage 

(variety Pawera) for one month with a 

daily intake of 157.6 mg/kg bw of total 

isoflavones (81.8 formononetin, 64.8 

biochanin A, 7.6 

genistein, and 2.9 daidzein). 

 

Mammary glands tissues were hydrolysed 

both with and without enzymatic treatment1 

to determine the fraction of equol and 

daidzein present as aglycones. Quantitative 

analyses were performed by HPLC-Coularray 

and LC/MS-MS using specific standards. 

Total isoflavones (<10 nmol/g of daidezin and 

equol, mainly present as glucuronides). 

Formononetin and biochanin A were not detected. 

Free daidzein was not detected. 

Free equol (1.9±1.9% of total equol detected). 

 

[6] 

Female Sprague-

Dawley rats (n=5) 

 

 

Isoflavone-supplemented diet 

(containing an alcohol-washed soy 

protein isolate plus, providing a total 

of 1,047 mg/kg of total isoflavones) for 

28 days. 

Mammary gland tissues were hydrolysed by 

enzymatic treatment1. Quantitative analyses 

were performed by liquid Waters Acquity 

UPLC/MS using specific standards. 

Total equol (1.12±0.06 nmol/g), total genistein 

(0.11±0.02 nmol/g) after enzymatic treatment. 

Daidzein and glycitein were not detected. 

[7] 

Female pigs (n=15 per 

group) 

 

Soy-based commercial diet containing 

582.8 mg/kg of isoflavones (soy diet) 

or soy diet supplemented with a daily 

dose of 2.3 g of genistein (soy+gen 

diet) for 93 days. 

 

Mammary gland tissues were hydrolysed by 

enzymatic treatment1. Quantitative analyses 

were performed by Waters Acquity UPLC/MS 

using specific standards. 

 

Total daidzein (0.07±0.02 and 0.13±0.02 nmol/g in 

soy and soy+gen diet, respectively). Total equol 

(0.12±0.03 and 0.19±0.04 nmol/g in soy and soy+gen 

diet, respectively). 

Total genistein (0.03±0.00 and 0.15±0.01 nmol/g in 

soy and soy+gen diet, respectively). 

Glycitein was not detected. 

[7] 

Green tea catechins 

Female nude mice 

(n=4 per group) 

Green tea extract was assigned to 

drinking water (0.625 g/L, 1.25 g/L and 

2.5 g/L) for 4 days. 

Mammary fat pads were hydrolysed by 

enzymatic treatment1. Quantitative analyses 

were performed by HPLC using epicatechin 

(EC), epigallocatechin (EGC) and 

epigallocatechin-3-gallate (EGCG) standards. 

EGCG (around 28, 38 and 45ng/g)2 was the catechin 

type with the highest concentration, followed by 

EC (around 4, 8 and 30ng/g)2, then ECG (around 2, 

3 and 8ng/g)2 after the 0.625, 1.25 and 2.5g/L dose, 

respectively. 

[8] 
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Heterozygous 

transgenic female 

mice (Tag mice 

develop palpable 

tumours) (n=4) 

Green tea catechins were assigned to 

drinking water either at 0.05% (w/v) 

for 7 weeks. 

Mammary tumour tissues were hydrolysed 

both with and without enzymatic treatment1. 

Quantitative analyses were performed by 

HPLC/MS-MS using specific standards (EC, 

EGC and EGCG), but not for conjugated 

metabolites. 

Only EGC was quantified (range 32-104 pmol/g) 

after hydrolysis, whereas its methyl and sulphate 

metabolites were also identified in non-hydrolysed 

samples. 

There was no evidence of the presence of EGCG 

and EC. 

[9] 

Prenylflavonoids 

Female 

ovariectomized 

Sprague-Dawley rats 

(n=24) 

8-Prenylnaringenin (8-PN) at three 

doses (0.4, 4 and 40 mg/kg) or 

isoxanthohumol (IX, control) were 

administered by intraperitoneal 

injection (n=6 each group). 

 

 

Mammary glands (24 h post-dose) were non-

hydrolysed by enzymatic treatment1. 

Qualitative and quantitative analyses were 

performed by LC/MS-MS using 8-PN 

standard. 

8-PN was detected in mammary gland tissue from 

all animals administered 8-PN, but not from those 

given IX. 

8-PN (0.014±0.01, 0.047±0.05 and 0.6±0.4 μg/g) at 

doses 0.4, 4, 40 mg/kg of 8-PN, respectively. 

8-PN glucuronide was also detected, but not 

quantified. The relative levels of 8-PN glucuronides 

were considerably higher than free 8-PN. 

[10] 

Female Sprague-

Dawley rats (n=5 per 

group) 

Control diet plus xanthohumol (XN, 

100 mg/kg bw per day) administered 

by subcutaneous injection or 

experimental diet containing 

powdered hop extract (7.5 g/kg bw 

per day) for 4 days. 

Mammary glands were non-hydrolysed by 

enzymatic treatment1. Qualitative and 

quantitative analyses were performed by 

LC/MS-MS using XN standard but not its 

metabolites. 

In general, 8-PN and 6-PN were higher than XN, 

predominantly found in the form of glucuronide 

conjugates. 8-PN glucuronide was higher than that 

of 6-PN glucuronide.  

The quantitative analysis of the free XN aglycones: 

0.30±0.41 μg/g after XN injection and 0.05±0.04 μg/g 

after hop extract intake. 

[11] 

Flavanones 

Female obese 

ovariectomized 

C57BL/6 mice bearing 

E0771 cells (n=10 per 

group) 

High-fat diet with low naringenin 

(LN; 1% naringenin) or high-fat diet 

with high naringenin (HN; 3% 

naringenin) for 2 weeks and 3 more 

weeks after transplanted tumour in 

mammary adipose tissue. 

 

 

Thoracic mammary adipose tissue and 

tumour were hydrolysed by enzymatic 

treatment1. Quantitative analyses were 

performed by LC/MS-MS using naringenin 

standard. 

Total naringenin concentrations were about 3-fold 

higher in HN mice compared to LN mice. 

HN mice: total naringenin in tumour (5.68±1.45 

μmol/kg) and mammary adipose tissue (2.49±0.34 

μmol/kg). 

LN mice: total naringenin in (2.05±0.87 μmol/kg) 

and mammary adipose tissue (0.75±0.14 μmol/kg). 

[12] 

Resveratrol 
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Female Sprague-

Dawley rats (n=15 per 

group) 

Resveratrol (RSV, 100 mg/kg bw) 

alone or in combination with celecoxib 

(Cele, 0.167%) was orally administered 

daily for 2 weeks and 16 more weeks 

after first dose of N-methyl-N-

nitrosourea to induce mammary 

carcinogenesis. 

Breast tumour tissues were non-hydrolysed 

by enzymatic treatment1. Quantitative 

analyses were performed by HPLC using 

specific standards for RSV and its conjugated 

metabolites. 

 

The concentration of free RSV did not differ 

between both groups (RSV group: 0.53±0.19 ng/mg 

vs. RSV+Cele group: 0.57±0.13 ng/mg). 

RSV is metabolized into RSV-3-O-glur mainly, and 

RSV-4'-O-glur and RSV-3-O-sulph in lower 

amounts (not detailed). 

[13] 

Female BALB/c nude 

mice bearing MCF-

7/Adr tumours (n=18) 

Free RSV (20 mg/kg), RSV 

encapsulated in liposomes (RSV-LIP) 

or co-encapsulated with 8 mg/kg 

paclitaxel (RSV-PTX) were IV 

administered via the tail vein every 

two days. 

Mice were sacrificed at 24 h, 48 h, and 2 weeks 

after treatment initiation (n = 6 at each time 

point). Tumours (volume, 50 mm3 to 100 mm3) 

were examined for the concentration RSV by 

HPLC (no detailed). 

Free RSV concentration2 (around 2, 3 and 5μg/g at 

24 h, 48 h, and 2 weeks, respectively). 

The RSV concentration in the tumour from the 

RSV-PTX or RSV-LIP treatment was 1.6-fold to 5-

fold that of the free RSV. 

[14] 

Female 

ovariectomized 

C57BL/6 mice bearing 

M-Wnt murine 

mammary tumour 

cells (n=7) 

Diet-induced obesity supplemented 

with RSV (5 g/kg diet, 0.5% wt/wt) for 

6 weeks and 5 more weeks after 

transplanted tumour. 

Tumours were non-hydrolysed by enzymatic 

treatment1. Quantitative analyses were 

performed by Waters Acquity UPLC using the 

peak area of the fluorescence response of RSV 

and piceatannol (as an internal standard). 

RSV levels in tumours samples (range 157.7—661.5 

nmol/g). 

 

[15] 

Lignans 

Adult pigs (n=17) Diet supplemented with high-fibre 

wheat breads low in lignans (124.0 

μg/100g dry matter) (n=8) or high-

fibre rye breads (n=9) rich in lignans 

(4152.7 μg/ 100g dry matter) for 9 

days. 

Breast tissues were hydrolysed by enzymatic 

treatment1. Quantitative analyses were 

performed by HPLC-CEAD using 

enterolactone standard for aglycones. 

Total enterolactone was found in lower 

concentrations in the breast tissue of the wheat-fed 

pigs (0.3±0.2pmol/g) than rye-fed pigs (25.8±4.1 

pmol/g). 

[16] 

Female wild-type and 

knockout Abcg2/- 

mice 

(n=7-8 per group) 

 

Diet supplemented with 1% of lignan-

rich extract from flaxseed hulls (2 

mg/g secoisolariciresinol diglucoside 

(Sec-Dig) (content in diet) for one 

week. 

 

 

 

 

Mammary glands were non-hydrolysed by 

enzymatic treatment1. Quantitative analyses 

were performed by UPLC-QTOF-MS using 

specific standards for aglycones, but not 

conjugated forms. 

Both enterodiol and secoisolariciresinol were 

similarly accumulated in the mammary gland in 

both mice groups (around 400 ng/g and 70 ng/g, 

respectively). Sec-Dig levels were not detected. 

Enterolactone concentration was higher in wild-

type that Abcg2-/- mice (around 180 ng/g and 80 

ng/g, respectively). Enterodiol-glur, enterolactone-

glur and secoisolariciresinol-glur were identified, 

[17] 
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higher in Abcg2-/- than in wild-type mice. 

Curcumin 

Female Kunming 

mice bearing EMT6 

tumours (n=6 per 

group) 

Curcumin-loaded micelles or free 

curcumin (CUR) were IV 

administered at doses of 10 mg/kg 

daily for nine day. 

Kunming mice were monitored by 

fluorescence imaging of tumours after 2, 6, 12 

and 24 h postinjection. Biodistribution 

information was semiquantitatively illustrated 

using the Winmi software. 

 

Minor amount of free CUR was found at the 

tumour target site, which showed a moderate 

increase during the first 6 h, but the amount 

decreased rapidly thereafter, reaching trace level 

after 24 h. The CUR amounts were considerably 

higher at the target tumour site after the 

administration of CUR -micelles than free CUR 

administration. 

[18] 

BALB/c nude mice 

bearing MCF-7 

tumours 

CUR (10 mg) in combination with 

doxorubicin (2 mg/mL) alone or co-

encapsulated in transferrin decorated 

nanoparticles (NPs) were 

administered by IV via the tail vein. 

Mice were sacrificed at 10 min, 1, 8, 24 and 48 

h after IV injection. Tissues were initially 

weighed and homogenized with physiological 

saline to determine the amount of CUR by 

HPLC (no detailed). 

The CUR concentration in tumour was higher in 

NPs than alone and were relatively stable at all 

time-points from 1 to 48 h after injection (around 

18-22 μg/g and 40-50μg/g, respectively)2. 

[19] 

Female wild-type 

Balb/c and bearing 

4T1 tumours mice 

(n=4-5 per group) 

 

Oral administration of CUR self-

microemulsifying drug delivery 

system (100mg/kg) (SMEDDS, 30 mg 

of CUR solubilized in 1 g of blank 

SMEDDS) once-daily for two weeks 

after the tumour reached 400 mm3. 

Mammary tissues were non-hydrolysed by 

enzymatic treatment1. Quantitative analyses 

were performed by HPLC/MS-MS using 

specific standards. 

Nearly 15-fold–higher levels of CUR (149.8±18.0 

ng/g) were present in 4T1 tumours compared with 

those in the mammary tissue of healthy mice 

(10.5±2.1 ng/g). CUR-glur concentrations in 

tumours were much lower (<15 ng/g) in both 

groups. 

[20] 
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Female Balb/c 

bearing 4T1 or TuBo 

tumours mice (high 

and low β-

glucuronidase 

activities, 

respectively) and 

wild-type Balb/c 

(n=15 per group) 

Pharmacokinetics of CUR and CUR-

glur were evaluated following either 

oral dosing of CUR SMEDDS 

(100mg/kg) in both tumour-bearing 

models, and IV injection of CUR-glur 

(2 mg/kg) in all mice models after the 

tumour volumes reached 400 mm3. 

Mammary tissues were non-hydrolysed by 

enzymatic treatment at 0.5, 1, 2, 4 and 8 h post 

oral dose and at 0.25, 0.5, 1, 2, 4, 8 and 24 h 

post IV dose (n=3-4 each time point). 

Quantitative analyses were performed by 

HPLC/MS-MS using specific standards. 

Oral dose: The Cmax for CUR in 4T1 tumours was 

significantly higher than that in TuBo tumours 

(105±18 ng/g vs. 63±18 ng/g). CUR was present at a 

significantly higher concentration than CUR-glur 

(<20 ng/g) in the tumour tissues in both tumour-

bearing mice models. 

IV delivery: In both models, CUR levels in tumours 

started off low at early time points (0.25–4 h) but 

then increased to a steady concentration that 

plateaued (>8h) at around 30-40 ng of CUR/g, 

whereas its glucuronide decreased (<10 ng/g). In 

wildtype Balb/c mice, the CUR levels in healthy 

mammary tissue were significantly lower (3–4-fold 

difference) than in 4T1 and TuBo tumours. 

[20] 

 Mix of phenolics  

Female Sprague-

Dawley rats (n=56) 

Group mix (n=28): one capsule 

containing 37 phenolics (6.7 mg 

pomegranate, 6.7 mg olive, 

6.7 mg cocoa, 2.2 mg orange, 2.2 mg 

lemon, 2.2 mg grapeseed and 2.2 mg 

RSV, 0.3 mg theobromine and 0.007 

mg caffeine) was administered by 

gavage to each fasting animal. RSV 

group (n=28): a capsule containing 2.2 

mg RSV. 

 

Mammary tissues were both non-hydrolysed 

and hydrolysed by enzymatic treatment1 at 

0.5, 1, 2, 4, 6, 10, and 16 h after the capsule 

administration. Quantitative analyses were 

performed by UPLC-ESI-QTOF-MS and 

carried out by peak area integration of their 

EIC using calibration curves of specific (free 

and conjugated metabolites) standards. 

Conjugated derived (but not free) metabolites from 

RSV, dihydroresveratrol (DH-RSV), hesperetin 

(HP), urolithins (Uro), and hydroxytyrosol (Hytyr) 

were detected. 

Cmax of Hytyr glur (77.2±38.7 pmol/g), HP-3-glur 

(2.1±0.7 pmol/g), HP-7-glur (2.3±0.3 pmol/g), Uro-A 

3-glur (6.7±3.8 pmol/g), RSV-3-glur (668.4±126.9 and 

1,262±597.0  pmol/g in group mix and RSV group, 

respectively), RSV-3-glur (61.6±28.3 and 112.2±40.9 

pmol/g in group mix and RSV group, respectively), 

and DH-RSV (206.3±113.1 and 406.2±331.6 pmol/g 

in group mix and RSV group, respectively). 

[21] 

1 enzymatic treatment was performed using β-glucuronidase/sulfatase enzymes; 2Quantitative values were estimated from graphics present in the original paper.  

Abbreviations: 8-PN, 8-Prenylnaringenin; CUR, curcumin; EC, epicatechin; EGC, epigallocatechin; EGCG, epigallocatechin-3-gallate; EIC, extracted ion chromatogram; glur, 

glucuronide; HPLC, high performance liquid chromatography; IV, intravenous; IX, isoxanthohumol; MS, mass spectrometry; RSV, resveratrol; Sec-Dig, secoisolariciresinol 

diglucoside; SMEDDS, self-microemulsifying drug delivery system; UPLC-ESI-Q-TOF, ultra-performance liquid chromatography coupled to electrospray ionization quadropole time-

of-flight; sulph, sulphate; XN, xanthohumol. 
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