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Figure S1: The categories and structures of dietary polyphenols. Polyphenols are subdivided into different categories: flavonoids, isoflavonoids, lignans,

stilbenes, phenolic acids and phenolic polymers.




Table S1: A list of all the known BAs from rodents and humans with their abbreviations
used in the review. *Dehydrocholic acid is a synthetic BA, manufactured by the oxidation of
cholic acid.

Name Abbrev  Type of bile acid
Chenodeoxycholic acid CDCA  Primary
Deoxycholic acid DCA Secondary
Dehydrocholic acid* DHCA  Secondary
Glycocholic acid GCA Conjugated primary
Glycochenodeoxycholic GCDCA Conjugated primary
acid
Glycodeoxycholic acid GDCA  Conjugated secondary
Lithocholic acid LCA Secondary
Taurocholic acid TCA Conjugated primary
Taurochenodeoxycholic TCDCA Conjugated primary
acid
Taurodeoxycholic acid TDCA  Conjugated secondary
Ursodeoxycholic acid UDCA  Primary (mouse), Secondary (human)
Taurolithocholic acid TLCA Conjugated secondary
a-Muricholic acid a-MCA  Primary (mouse), not detected (human)
3 -Muricholic acid b-MCA  Primary (mouse)
Cholic acid CA Primary
Glycolithocholic acid GLCA  Conjugated secondary
Hyodeoxycholic acid HDCA  Secondary
Muricholic acid MCA Primary (mouse)
Tauro-a-Muricholic acid T-a- Conjugated primary (mouse)

MCA
Tauro- 3 -Muricholic acid ~ T-b- Conjugated primary (mouse)
MCA

Glycohyocholic acid GHCA  Conjugated secondary

Glycoursodeoxycholicacid GUDCA Conjugated primary (mouse),
conjugated-secondary (human)
Taurohyocholic acid THCA  Conjugated secondary
Taurohyodeocycholicacid THDCA Conjugated secondary
Tauroursodeoxycholic acid TUDCA Conjugated-primary
Glycohyodeoxycholicacid GHDCA Conjugated secondary
Taurodehydrocholicacid = TDHCA Conjugated secondary




Table S2: The published studies that have determined whether dietary polyphenols can alter BA excretion and Cyp7al expression. NR=not reported

Bioactive group Specific Bioactive Model Cholesterol Hepatic Cyp7al expression Faecal bile acids Ref
Phenolic Raisin Human NR NR Decreased [1]
polymers
Phenolic Polymeric Tannins Male Sprague- Decreased plasma total and - NR Increased [2]
polymers Dawley rats LDL cholesterol
Phenolic Tartaric acid Human NR NR No change decrease with [3]
polymers raisin control.
Ellagitannin Ellagic acid C3H/HeN NR Increased mRNA NR [4]
(phenolic female mice
polymer)
metabolite
Phenolic Grape seed extract Golden Syrian ~ Decreased plasma total A moderate increase in Increased levels of LCA, [5]
polymers (GPSE) hamsters cholesterol mRNA and protein. DCA CDCA, CA and
UDCA
Phenolic GPSE C57BL/6 WT Decreased serum cholesterol Increased mRNA Increased [6]
polymers and KO mice
Phenolic GPSE Pigs NR NR Increased [7]
polymers
Phenolic GPSE Wistar rats No change in Serum cholesterol ~ No change Decreased [8]
polymers levels, but hepatic cholesterol
levels decreased
Phenolic Chardonnay grape Golden Syrian  Decreased plasma total-, VLDL-, Increased mRNA NR [9]
polymers seed flour hamsters fed and LDL-cholesterol
high-fat diets.
Phenolic Polyphenols in red Rats Lowered plasma LDL- Increased mRNA NR [10]
polymers wine cholesterol and slightly
increased HDL-cholesterol.
Phenolic Grape Juice (other Rats NR NR The intestinal contents [11]
polymers fruit juices reported) contained higher

concentrations of primary
bile acids, but lower




concentrations of secondary

bile acids
Phenolic GPSE Pregnant The adult male offspring had mRNA down-regulation of  decreased [12]
polymers female Wistar  increased total cholesterol-to- Cyp7Al.
rats with the HDL-C ratios.
male adult
offspring
being
examined
Flavonol Fisetin Sprague- Elevated levels of total and The high fat diet Increased ~ NR [13]
Dawley Rats LDL-cholesterol, along with Cyp7al mRNA, which was
fed a high fat  hepatic cholesterol contentina  subsequently reversed by
diet. high fat group were the fisetin
significantly reduced by fisetin.
Stillbenes Resveratrol C57BL/6J and  Improved serum lipids in mice.  Increased mRNA, protein NR [14]
HepG2 cells enzyme activity (mice) and
mRNA (HepG2 cells)
Stillbenes Resveratrol Donryu rats suppressed (VLDL + LDL)- NR Increased [15]
subcutaneousl  cholesterol
y implanted
with an ascites
hepatoma cell
line of
AHI109A
Stillbenes Resveratrol (150r 30  Rats with liver NR Restoration of Cyp7al levels Maintaining bile acid [16]
mg/kg) injury induced disrupted by liver injury. secretion originally
by alpha- reduced by AINT
Naphthylisoth
iocyanate

(AINT).




Stillbenes

Flavanols

Flavanols

Flavanols

Flavanols

Flavanols

Flavanols

25uM Resveratrol

and RSV-
glucoronides

Catechins

EGCG (40 mg kg-1
d-1 and 80 mg kg-1

d-1)

EGCG (green tea

extract)

EGCG

Lung Chen tea

Theaflavin-
monogallates,

theaflavin-3-gallate,
and theaflavin-3'-

HepG2 cells

HepG2 cells

Female
C57BL/6
mouse

Male C57BL
mice with
cholesterol-
induced
steatohepatitis
Rats

Hypercholeste
raemic
Sprague
Dawley rats
ddY mice and
5-week-old
Sprague-

Res and Gres both lowered total
cholesterol in the cells.

NR

Reduced total, and LDL
cholesterol and increased HDL
cholesterol.

No changes in plasma
cholesterol but a reduction in
liver cholesterol in
steatohepatitis mice

NR

significantly lowered the serum
cholesterol

Black tea extract decreased the
postprandial rise in blood
cholesterol levels after oral
administration of cholesterol in

Significant increases in
hepatic Cyp7al and bile
salt export protein (BSEP)

Increased cyp7al mRNA
after 24h. epicatechin
gallate 5.5 fold;
epigallocatechin-3-gallate
4.2 fold; epigallocatechin
2.9 fold and epicatechin 1.9
fold

Increased Cyp7al mRNA
levels

The mice with induced
steatohepatitis
demonstrated a shift from
CYP7A1 pathway to the
alternative acidic pathway
increasing Cyp7al mRNA
expression

Cyp7al enzyme activity
was not shown to be
altered

NR

NR

NR

NR

NR

biliary bile acid excretion
was not altered, but EGCG
treatment decreased bile
flow by 23%

Increased faecal excretion
of cholesterol

NR

[17]

(18]

[19]

[20]

[21]

[22]

[23]




Flavanols

Phenolic acids

Phenolic acid

Phenolic acids

Phenolic acids

Phenolic acid

gallate (from black
tea)

Black tea

Pu-erh Black tea
extract 333mg/day
over 3 months)

Pu-erh Black tea (a 4-
month study in 21
patients ingesting 1
g/day)

8-weeks of 2% and
4% tea
administration in the
water

Pu-erh black tea
extract (0.3g/kg food)
for 3 weeks

Chlorogenic acid
(CGA)

Dawley (SD)
rats

Human study
(hypercholeste
rolemic)

A double blind
randomised
study of
borderline
hypercholester
olemic people
Hypercholeste
rolemic
patients.

Hypercholeste
raemic
Sprague-
Dawley rats
DdY mice fed
cholesterol
and
hypercholester
aemic
Sprague-
Dawley rats
male 129/sv
mice

mice and in rats the extract
reduced total and LDL
cholesterol.

NR

Reduced LDL

Reduced cholesterol

Lowered the serum cholesterol
in the 2% and 4% group.

Decreases in serum LDL- and
total cholesterol

NR

NR

NR

NR

No change

NR

Increased Cyp7al mRNA

No changes

No changes in key bile
acids. Total bile acids not
measured

NR

Increase in faecal bile acids

NR

AINT increased total bile
acids in serum: the effects
of AINT were normalised
by co-treatment with CGA.

[24]

[25]

[26]

[22]

[23]

[27]




Polyphenol rich

Polyphenol rich

Polyphenol rich

Anthocyanin

Anthocyanin

Anthocyanin

Pu-erh tea,
theabrownin (TB) fed
for 45 days

Glossogyne
tenuifolia Cassini
(herbal tea)

Ecklonia cava Brown
algae extract (300
mg/kg)
Cyanidin-3-O-(3-
glucoside
(anthocyanin)

Anthocyanin-rich
black elderberry
extract (BEE) - rich in
cyanidin 3-
sambubioside and
cyanidin 3-glucoside

Anthocyanin-rich
extracts from
bilberry (Vaccinium
myrtillus L.),
chokeberry (Aronia
meloncarpa E.), and
grape (Vitis vinifera).

Hyperlipidemi
c Sprague-
Dawley rats,
either fed a
normal diet, a
high fat diet,
or a high-fat
diet plus TB.
Syrian
Hamsters

C57BL6 mice
fed a high fat
diet
Five-week-old
male ApoE-/-
mice and
primary
hepatocytes
Male apoE(-/-)
mice fed an
AIN-93M diet
plus 1.25%
(w/w) BEE or
control diet for
6 weeks
Fischer rats
given a colon
carcinogen
(azoxymethan
e) (as the aim
of this study
was to assess

LDL and total-cholesterol levels
were decreased compared to the
high fat diet fed group.

Reduced serum LDL- and total
cholesterol

Reduced serum LDL- and total
cholesterol

NR

No changes

NR

NR

NR

Increased cyp7al

Increased Cyp7al mRNA in
mice and in primary
hepatocytes.

Decreased Cyp7al

NR

The faecal bile acid content
was higher in the TB Group
than compared to both
normal and high fat diet

Increased

NR

Increased faecal bile acid
excretion in mice and bile
acid synthesis from
primary hepatocytes

NR

Reduction in faecal bile
acids

(28]

[29]

(30]

[31]

[32]

(33]




biomarkers of
colon cancer)

Anthocyanin Red pericarp Hypercholeste  Decreased serum and hepatic Induced Cyp7al expression ~ Not measured [34]
glutinous rice rolemic LDL-cholesterol but decreased hepatic
compared to brown  C57BL/6 mice cholesterol levels
rice (anthocyanins) (12 weeks)
Anthocyanin Lingonberries (LBs) ~ Male ApoE-/-  Mice fed Increase in Cyp7al NR [35]
mice were fed  LBs showed reduced levels of expression

either low-fat  total
diet, high-fat cholesterol compared to the HF
diet, or high- control

fat diet with
44%
lingonberries
for 8 weeks.
Anthocyanins Buckwheat sprouts Type 2 Decreased serum cholesterol, Increased Cyp7al mRNA Increased faecal bile acids [36,
(cyanidin 3-O- (Fagopyrum diabetic mice  liver cholesterol and 37]
glucoside, esculentum Moench) triglycerides
cyanidin 3-O-
rutinoside,
cyanidin 3-O-
galactoside, and
cyanidin 3-O-
galactopyranosy
I-rhamnoside)
Flavonol Kaempferol (150 Apo E-/-Mice  Increased HDL cholesterol and  Increased hepatic mRNA Increased faecal bile acid [38]
mg/day/kg body reduced total, LDL and hepatic ~ expression of Cyp7al excretion
weight) cholesterol concentrations
compared to controls
Flavonol Quercetin (0.4%) Male Wistar No change in serum TC, or HDL  Elevated Cyp7a1 mRNA Increased secreted bile [39]
rats cholesterol But, serum LDL was  and protein acids and total liver bile

increased. acids. Upregulation of bile




Flavonol

Flavanol
combination

Flavanol
combination

Flavanone

Flavone

Isoflavonoid

Black bean seed coat
extract containing
predominantly
quercetin 3-O-
glucoside and
soyasaponin

Quercetin and
leucodelphinidin

Quercetin fed
alongside extracts of
the Banyan tree,
leucopelargonin and
leucocyanin
Naringin

Flavone C-glycoside
rich leaf extract from
Taioba (Xanthosoma
sagittifolium)
Puerarin - the major
bioactive ingredient
from Japanese
arrowroot (Pueraria
lobate).

C57BL/6

hypercholester
aemic rats

Hypercholeste
raemic rats

Human liver
HepG2 cells
Wistar rats

Male ICR mice
intragastricaly
administered
400mg/kg of
puerarin at the
same time as
exposure to a
reagent to

BBE reduced the levels of total
cholesterol and
HDL-cholesterol in the serum of
mice fed the control diet. The
effects were enhanced in
high-cholesterol diet mice
(decreased LDL, total
cholesterol

and HDL).

Reduction in serum LDL- and
total cholesterol, Increase in the
HDL

Decreased total cholesterol
levels

NR

NR

Increases in serum cholesterol
and LDL were suppressed

Increased CYP7A1 protein
expression

Not observed

NR

Induced Cyp7al mRNA
expression
NR

Increases in hepatic Cyp7al
mRNA levels.

acid transporters in the
liver.

significant increase in bile
acid secretion

Increased hepatic and
faecal bile acids

Increased hepatic and
faecal bile acids

NR
No change in total BAs but
did diminish the levels of

secondary BAs

NR

[40]

[41]

[42]

[43]

[44/
45]

[46]




Isoflavonoid

Isoflavonoid

Isoflavones,
monacolins and
phytosterols.

Isoflavone

Puerarin

Puerarin and
puerarin glycosides

Xuezhikang, is an
extract of red yeast
rice. 3 fractions
containing
isoflavones,
monacolins or
phytosterols,
respectively were
given to mice on a
high-fat diet and
compared to a
control or total
extract group

Erythrina lysistemon,

a species of tree in
the pea family,
containing
alpinumisoflavone

induce
lipidemia
Spague-
Dawley rats
fed
300mg/kg/day
puerarin and
hypercholester
aemic diet
C57BL/6] mice
fed 2 0.1%
puerarin diet.
Human
HepG2 liver
cells.

C57BL/6 mice

Ovariectomize
d rats

Attenuated the increased total
cholesterol induced by
hypercholesterolmic diet in both
serum and liver

Puerarin glycosides significantly
reduced plasma total cholesterol
levels.

Total fraction - reduced serum
TC, and LDL-C and increased
serum HDL-C

NR

Cyp7al hepatic mRNA
induction

Increased hepatic Cyp7al
mRNA expression in the
mouse study, but no effect
in HepG2 cells.

The total extract and the
isoflavone extract were

more potent at inducing
Cyp7al gene expression

Upregulates Cyp7al liver
mRNA expression

NR [47]

NR [48]

The total extract and all
three fractions Reduced

[49]

liver bile acids and
increased cholesterol and
bile acid secretion into the
faeces.

NR [50]




Table S3: Effects of polyphenols on ASBT protein and gene expression

Food component or polyphenol Human Rodents Ref
Barley NR Reduced ASBT gene and protein expression in the  [51]
intestine by 51% and 30%, respectively in mice fed
high (-glucan (fibre) barley alongside a high fat
diet
EGCG In HEK-293 cells decreased ASBT function in a time and a No effects on gene expression in C57BL/6] mice [52]
dose-dependent manner. Strongly inhibited ASBT activity in [52]
colonic Caco?2 cells [53]
Procyanidin extract (GSPE) In Caco2 cells, where GSPE reduced ASBT in a dose- Downregulated ASBT expression in C57BL/6 [6, 54]
dependent manner mice
Resveratrol Reduces both ASBT function and protein expression in In C57BL/6] and ApoE-/- mice resveratrol had no [55,
transiently transfected COS-1 cells in a dose dependent effects on ASBT but increased faecal BAs. 56]

manner, without altering gene expression. In Caco2 a high
concentration of resveratrol induced ASBT gene expression

Increased levels of the genera Lactobacillus and
Bifidobacterium, bile salt hydrolase (BSH) activity
and thereby enhancing BA de-conjugation and
faecal excretion
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