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(Brown, Higgins, & Donato, 2000; Cani, Bibiloni, & Knauf, 2008).
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( Firmicutes T, Bacteroidetes | )  (Turnbaugh, Ley, & Mahowald, 2006)
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Oat meal
Oat flour

Oat bran

total dietary fibre (AOAC) method 985.29

total B-glucan content (AOAC) method 995.16
crude protein (Kjeldahl Method)

crude fat (Soxhlet abstracting method)

crude ash (Combustion method)

total starch(AOAC) method 991.43

moisture content (Constant weight method)
resistant starch content (AOAC) method 2002.02
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MBS FIELISAS
Triacylglycerol (TG)
Total cholesterol (TC)

High-density lipoprotein cholesterol (HDL-C)
Endotoxin (ET)

Tumour cell necrosis factor-o (TNF-&)
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Table 1 - Nutritional component and physicochemical

characteristics of three oat products.

OM OF OB
Nutritional component
Total dietary fibre (%) 20.38 +0.05° 14.15+0.11°] 29.90 + 0.12?
Crude protein (%) 13.12+0.072 13.60+0.082 11.62+0.30°
Crude fat (%) 7.10+£0.11* 4.58+0.08° 6.98+0.172
Crude ash (%) 2.02+0.04> 145+0.06° 2.98+0.10°
Total starch (%) 50.34 +0.52° 57.15+1.57* 38.90+0.76°
Moisture (%) 6.16 £0.05° 8.53+0.14* 7.81+0.04°
B-Glucan (%) 415+0.12° 1.78+0.21¢| 8.10+0.66%
Physicochemical
characteristics
Apparent viscosity 10.33£0.58° 37.33 +£1.34° | 50.00 + 2.00°
(mPaes)
25 °C, 5%M/M, 200 rpm
Water-retaining 3.14+0.06° 4.28+0.11°| 5.02+0.09°
capacity (g/g)
Swelling capacity 0.4 +0.03° 23+0.11* 2.4 +0.08°
(mL/g)

Data are mean + SD (n = 3). Differences among groups were evalu-
ated for significance by the Tukey post hoc test. Values in the same
row that do not share the same lowercase letter are significantly
different (p < 0.05).

Abbreviations: OM, oat meal group; OF, oat flour group; OB, high fibre
oat bran group.

Total dietary
fibre

B-glucan
Resistant starch
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Table 2 - Formula, nutritional components, and energy density of different diets.

Diet (g/100g dried feed)

Basic diet®

High-fat diet

Experimental diet I

Experimental diet II

Experimental diet III

Barley flour 20.0 11.6 7.30 1.60 9.40
Soybean flour 20.0 11.6 7.30 1.60 9.40
h= Corn flour 32.0 18.6 11.7 2.60 15.0
Lﬂ Dehydrated vegetable 10.0 5.80 3.70 0.80 4.70
\*lsl- Fishmeal 10.0 5.80 3.70 0.80 470
Bonemeal 5.00 2.90 1.80 0.40 2.40
,ﬁ Salt 2.00 1.20 0.70 0.20 0.90
Yeast 1.00 0.60 0.40 0.10 0.50
ﬁ Egg yolk powder B 10.0 10.0 10.0 10.0
Sugar —_— 5.00 5.00 5.00 5.00
ﬁ Peanuts — 4.00 4.00 4.00 4.00
Lard — 13.0 13.0 13.0 13.0
*ﬁ Milk powder — 10.0 10.0 10.0 10.0
OM — —— 214 —— —
bt OF — - = 49.8 —
=H OB — — — —_— 11.0
% Nutritional component (%)
Total dietary fibre 4.72 + 0.07¢ 2.81+0.104 6.60 +0.13® 7.11+0.18° 6.48 + 0.09®
Crude protein 240+1.772 17.1+ 1.05° 14.7 + 1.45P 12.0 + 0.60° 15.7 +0.98°
Crude fat 485 +0.22° 209 + 1.45*% 20.8 +0.91* 20.5+ 1.09* 212+ 1010
Crude starch 53.6 + 1.76° 450+ 2.01° 441 +1.67° 46.7 +2.23° 43.3+2.11°
Crude ash 6.80 + 0.23% 7.34+0.122 7.32 +0.262 5.72+0.11¢ 6.92 + .18
Moisture 6.55 +0.21¢ 6.90 + 0.18¢ 7.55+011° 7.33+0.08° 711 +013°
=) [-Glucan 0.39 + 0.07° 0.24 + 0.03¢ 1.05 + 0.072 0.96 + 0.06* 0.98 + 0.06°
| Resistant starch 422 +0.112 2.31+0.164 2.68 + 0.09¢ 1.16 + 0.10* 3.39+0.21°
kJ/100g feed (x10)
Energy density 159 192 192 192 192

Data are mean + SD (n = 3). Differences among groups were evaluated for significance by the Tukey post hoc test. Values in the same row that
do not share the same lowercase letter are significantly different (p < 0.05).

* The basic diet was supplied by Laboratory Animal Centre of Henan Province.

Abbreviations: OM, oat meal group; OF, oat flour group; OB, high fibre oat bran group.
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Table 3 - Spearman’s correlation between gut Eﬁ&d\z*ﬁ*ﬁ*ﬁ ﬂ-gﬁﬁéﬁlf °
microbiota compositions represented by the first two

cnur:}mates of we1ghted I:JmI-'rac PCA and HFD induced Hf 7 /R B R R AR R I R R R S N2 B ]
obesity and hyperlipaemia parameters. .

= = IR,

C . , R RIERI R SR S I SR ST
Body weight 0.60 0.285 -0.80 0.104 %EI‘J 1 ﬁﬁ' L\/LRW% "%g&%é&;f" ° Rgﬁﬁ\ﬁiﬁgyﬂu
Epididymal fat weight 060 0285 080 0104  EERISHITERR  BEREELTRINE
;3 S 0.70 0.188 -0.90 0.037
TG 070 0188  -090  |0.037 FHEUBEINEFREF | NEM N RERIR D RS,
HDL-C/TC 0.00 1.000 0.60 0.285 = \ = v

NEaq4/\ BR RS R 4z
o 000 1000 060 0285 pescosmC/MINM | RETLAPRERRYRESRIESK
TNF-o* 0.70 0.188 -0.90 0.037 TR, rs=1-[6*3dir2/(n*n"2-1)]
Liver TNF-o mRNA" 0.70 0.188 -0.90 0.037 .
Adipocyte TNF-o. mRNA' 0.70 0.188 -0.90 0.037 AL /IS
it i ARERES—HHFNSRZE

Correlations were identified using Spearman’s correlation. Corre- nAELRS S,

lations were considered significant when p < 0.05.

* Present a significant correlation with P2.

Abbreviations: NC, normal control group; MC, model control group;
OM, oat meal group; OF, oat flour group; OB, high fibre oat bran group;
TC, total cholesterol; TG, triglyceride; HDL-C, high density lipopro-
tein cholesterol; ET, endotoxin; TNF-q¢, tumour necrosis factor o.

H) T TN TAER TAER 205 H L8 K-F IR dG 4k
#atn e
% 1 X TATERES AT §EKF
TiE BMEE /h 37 38 39 40 41 42 43
B HEBAZRX 1 2 3 4 5 6 7
Tz JEMEYIE AT 800 900 900 900 900 900 1000
KFE HBAZHREY 10 4 4 4 4 4 7
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Table 4 - Changes in colonic SCFAs of rats in each at week 8 (mmol/g colonic digesta).

Acetate Propionate Isobutyrate Butyrate Total SCFA
NC 471 +0.224 1.69 +0.43¢ 0.28 + 0.02%® 0.99 +£0.09¢ 7.67 £0.31¢
MC 281 +0.13° 0.76 + 0.08¢ 0.10+0.01¢ 0.61 + 0054 4.28 £ 0.67°
OM 937 +0.56° 2.40+0.21° 0.19 + 0.04"¢ 2.01+£0.21° 13.99 + 0.58°
OF 8.01+0.11° 2.21 + 0.50" 0.22 + 0.05%¢ 1.39 +0.33° 11.88 +1.01°
OB 11.95 £1.01° 38922033 0.22 + 0.01% 290+0.78% 18.99 + 0.88°

Data are mean + SD (n = 10). Differences among groups were evaluated for significance by the Tukey post hoc test. Values in the same row that
do not share the same lowercase letter are significantly different (p < 0.05).
Abbreviations: SCFA, short chain fatty acid; NC, normal control group; MC, model control group; OM, oat meal group; OF, oat flour group; OB,

high fibre oat bran group.
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We firstly found that changes in the gut microbiota induced
by oat products were correlated with obesity related meta-
bolic disorders, especially for serum lipid and inflammation
levels in DIO rats. Therefore, a speculation that oat products
protect DIO rats from some chronic diseases through modifi-
cations of gut microbiota structure was proposed. However, to
provide direct evidence for this speculation, a further faecal
transplant research is needed.

In conclusion, the three oat products individually attenu-
ate the HFD induced obesity and related metabolic disorders
in DIO rats. However, the overall gut microbiota structure was
altered by these oat products. OB exhibited the most promis-
ing effects on inhibiting weight gain and epididymal fat
accumulation, improving serum lipid and inflammation levels,
modifying gut microbiota composition and increasing SCFAs
concentration. This new finding from our study compared with
previous studies is that changes in gut microbiota induced by
oat products were correlated with obesity-related metabolic dis-
orders (serum lipid and inflammation levels) more than weight
gain and fat accumulation. We anticipated that our results will
contribute to the development of oat-based diet food for
anti-obesity.
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SCIENTIFIC REPg}RTS
OFEN Protein kinase C § signaling is 7&%‘? ' %*ﬁ*ﬂ‘&%iﬁﬁgg;g‘%yh%ﬁpﬁ

required for dietary prebiotic-
induced strengthening of intestinal

w0 nithelial barrier function @ 2P EMAL IR A T — 5 RIE R R RNE, A&

Published: 18 January 2017

Richard Y. Wu'?, Majd Abdullah®, Pekka M3ittinen®, Ana Victoria C. Pilar®, Erin Scruten?,

P S A e THE#AZERERT, EEEBEIERFEIIE, W

Prebiotics are di le oli ides that p the growth of ficial gut microbes,
but it is unclear whether they also have direct effects on the |memnal mucosal barrier. Here we

demonstrate two commercial prebiotics, inulin and short-chain fructo-oligosaccharide (scFOS), when N , A =
applied omo intestinal epithelia in the absence of microbes, directly promote barrier integrity to ' ﬁ IS J\ o
induced barrier disrupti We further show that these effects involve the induction /3N 9

of select ttgm ]UIK!IM (TJ) proteins through a protein kinase C (PKC) 5-dependent mechanism. These
results suggest that in the absence of microbiota, prebiotics can directly exert barrier protective effects

PR SR @ 25t 1035 O B 0 R 5 3 7 1

The essential role of the gut microbiota in human health and disease has stimulated increasing interest in ther-

apeutic strategies to alter microbial composition'”. One such strategy is the use of dietary prebiotics, which N » I » N

are non-digestible food ingredients that resist absorption in the gastrointestinal tract and are fermented by 6 J i I 4 °
selected intestinal microbes to stimulate the growth and activities of health-promoting gut microbes, including J\ 9 ‘L N 9
Lactobacilli and Bifidobacteria®.

Fructans are a group of carbohydrates that fall under the definition of prebiotics and include inulin and fruc-
tooligosaccharides (FOS), which are plant-derived polysaccharides comprised of fructose monomers connected

via 1(2-1) glycosidic bonds linked to a terminal glucose residue®. Inulin and FOS differ mainly in chain length, M E Y /—p Yy le—ﬁ \ >
with a degree of polymerization of greater than 10 for inulin and less than 10 for FOS®. E A‘L %
The health-promoting benefits of prebiotics have been attributed mainly to indirect effects through either 7

bifidogenic or anti-adhesive properties®**. Prebiotic fermentation by Lactobacilli and Bifidobacteria results in the
production of short-chain fatty acids such as acetate, propionate and bulyrale. which create an acidic microenvi-

mumenl that oo antqoauze the grom.h of pathogenic microbes®. Furth specific prebiotics can fi b » »
with p e by c ly inhibiting the binding of pathogenic microbes to host receptors®. For y I H E
tumple emempudmgemL Escherichia coli P oligosaccharide-bind dhesins that allow the microbe to & 9 ‘L

dock to carbohydrates expressed on the apical epithelial surface’. halammhgosa;d\mde: mimic these binding
motifs to inhibit E. coli attachment 10 enterocytes’.
Prebiotics may also exert direct effects on the host gut epithelium, but these effects are largely unexplored. This

study demonstrates that prebiotics directly act on the intestinal epithelium to dicit specific signaling responses in ‘J—f \] h—
the absence of microbes. Two commonly used commercial prebiotics, inulin and scFOS, were employed and their t I A} ’ l i o

Cell Biology Program, Research Institute, Division of Gastroenterolagy, Hepatology and Nutrition, Hospital for Sick
Children, Toronto, Ontario, Canada. *Department of Laboratory Medicine and Pathobiolagy, Faculty of Medicine,
University of Toronto, Toronto, Canada. *Vaccine and infectious Disease Organization, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada. “Department of Biochemistry, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada. *University Health Network, University of Tarantoe, Toronto, Ontario, Canada. "Departments
of Paediatrics and Physiology, University Toronto, Toronto, Ontario, Canada. "Department of Nutritional Sciences,
University of Taronte, Toronto, Canada. "Faculty of Dentistry, University of Toronto, Toronto, Ontario, Canada.
Correspondence and requests for materials should be addressed to P.M.S. (email: philip.sherman@sickkids.ca)
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RESEARCH ARTICLE

Rhubarb extract prevents hepatic inflammation induced
by acute alcohol intake, an effect related to the

modulation of the gut microbiota 1 iil ‘E%;E*EIEE

Audrey M. Neyrinck', Usune Etxeberria'?*, Bernard Taminiau®, Georges Daube’,
Matthias Van Hul'#, Amandine Everard'*, Patrice D. Cani'*, Laure B. Bindels'
and Nathalie M. Delzenne’

K7 RERTERIGERRIR)RR
F LARFAE L IR SRAEFN G RS
B FiERERINE S,

' Louvain Drug Research Institute, Metabolism and Nutrition Research Group, Université catholique de Louvain,

Brussels, Belgium [l N \ IE ﬂ‘.
? Department of Nutrition, Food Science and Physiology, University of Navarra, Pamplona, Spain o 7 l E .E %
3 Fundamental and Applied Research for Animal and Health-Department of Food Sciences, Université de Liége, U

RERAE , XAJFER

Liage, Belgium

4 Walloon Excellence in Life sci and BlOtechnology (WELBIO), Louvain Drug Research Institute, Brussels,
Belgium

Scope: Binge consumption of alcohol is an alarming global health problem. Acute ethanol Received: December 15, 2015

Revised: February 26, 2016

intoxication is characterized by hepatic inflammation and oxidative stress, which could be
Accepted: March 14, 2016

promoted by gut barrier function alterations. In this study, we have tested the hypothesis of the
hepatoprotective effect of rhubarb extract in 2 mouse model of binge drinking and we explored
the contribution of the gut microbiota in the related metabolic effects.

Methods and results: Mice were fed a control diet supplemented with or without 0.3% rhubarb
extract for 17 days and were necropsied 6 h after an alcohol challenge. Supplementation with
rhubarb extract changed the microbial ecosystem (assessed by 16S rDNA pyrosequencing)
in favor of Akkermansia muciniphila and Parabacteroides goldsteinii. Furthermore, it improved
alcohol-induced hepatic injury, downregulated key markers of both inflammatory and oxidative
stresses in the liver tissue, without affecting significantly steatosis. In the gut, rhubarb supple-
mentation increased crypt depth, tissue weight, and the expression of antimicrobial peptides.
Conclusions: These findings suggest that some bacterial genders involved in gut barrier
function, are promoted by phytochemicals present in rhubarb extract, and could therefore be
involved in the modulation of the susceptibility to hepatic diseases linked to acute alcobol

o e ey AEIZES ( Rhubarb extract )
ik =71

Keywords:
Akkermansia muciniphila | Alcoholic liver dlsease ! Antlmlcmblal peptides / Gut
barrier / Microbiota / Parab ides gold. il S

Additional supporting information may be found in the online version of this article at
the publisher's web-site

1 Introduction

Alcohol abuse represents a risk factor for numerous diseases.
In particular, “binge drinking® is on the rise at an alarming
rate worldwide. A binge is defined by the National Institute
Abbreviations: ALAT, alanine ami ALD, on Alcohol Abuse and Alcoholism as consumption of five
liver disease; LPS, lipopolysaccharides; PIA2g2, phospholipase and four drinks for men and women, respectively, in 2 h
A2 group-ll; gPCR, quantitative PCR; Reglly, regenerating islet-

derived 3-gamma; ROS, reactive axygen species; TBARS, thio-

Correspondence: Nathalie M. Delzenne
E-mail: nathalie.delzenne @ uclouvain.be

barbituric acid reactive substances; TLR, toll-like receptor; TNF-a,
tumor necrosis factor a

© 2018 WILEY-VCH Verag GmbH & Co. KGaA, Weinheim

*These authors contributed equally to this work.
Colour anline: See article anline to view Figs. 1=6 in calour.

www.mnf-journal. com



Supporting Information Table S1

BERRATEY
REBRIMKEER-8-FAEfEH
KE2=- R
FEKRER
KRE=
KEED
ESMHE

Composition of the rhubarb extract (% dry matter)

carbohydrate 71
protein (N% x 6.25) 4

fat <0).5
fiber 27
antraquinone derivatives

- rhein and rhein-8-glucoside 7.45

- physcion 0.43

- aloe-emodin <0.09
- emodin <0.07
- chrysophanol <0.04
- sennosides 0.89

Data obtained from ORTIS Laboratoires (Elsenborn, Belgium)

6.48% (expressed as wet weight)

6.87% (expressed as dry weight)

The diets

14 g/100 g protein

77 g/100 g carbohydrates
4 g/100 g of lipids

Caloric content of the diet:

3.85 kcal/g




1 wk of

Male C57BL/6J mice
!

Standard diet supplemented
with 0.5% of a rhubarb

\—' :
Alcohol water +——— Intragastric gavage

Ethanol solution (30% w/v, 6 g/kg body weight) n

Blood samples Cecal Histological
content
Cecal Liver
Liver Colon

Colon
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Phylum
Firmicu
Verrucc}
Bactero
Tenericu

Phylum
Firmicu
Verrucci
Bactero
Tenericu

A

—=

Family
Rikenel
Verruc
Desulfo
Lachno.

Bacteroi
Porphyroi
Defluviita
Erysipelot
Prevotella
vadinBB6
Anaeropla

Family

Rikenella
Verruco

Desulfovi
Lachnospi
Bacteroi

Porphyroi
Defluviita
Erysipelot
Prevotella
vadinBB6
Anaeropla

Att

Genus
Alistipej
Akkerm

Blautia

Parabacter
vadinBB6()

Genus

Alistipes
Akkermansi
Blautia
Parabacter
vadinBB6()

At the

Species
Alistipes_JQ
Alistipes_JQ
Akkermansia
Bilophila_J¢
S§24-7_EUS50
Bacteroides
Alistipes_EF
Ruminococce
Alistipes_H(
Parabactero
Anaerotrunci

—

Blautia_ HM845948
Allobaculum_EUS510831
Alistipes_GQ157664
Bacteroides acidifaciens
Blautia_EF098132
S$24-7_EU453189

A naeropla .s'ma_E I 40_6.21_1_2_25.03_.0..@3__11526_“‘

6.0E-03 0.947 1.078 0.204 0.194
1.1E-02 1.142 1.045 0.894 0.724
1.1E-02 0.532 0.584 0.000 0.000
1.7E-02 1.949 1.146 1.191 1.199
1.7E-02 1352 1.401 0.278 0.243
1.9E-02 0.000 0.000 0.000 0.000

2217

vadinBB60_AB6063:

Species
Alistipes_JQ084893
Alistipes_JQ085082
Akkermansia mucinig
Bilophila_JQ084163
8§24-7_EU505334
Bacteroides acidofac
Alistipes_EF603417
Ruminococcaceae_A
Alistipes_HQ740259
Parabacteroides gole
Anaerotruncus_EUS5|
Blautia_HM845948

Allobaculum_EUS510
Alistipes_GQ15766
Bacteroides acidifac
Blautia_EF098132
8§24-7_EU453189
Anaeroplasma_EF4
vadinBB6(0_AB6063

Species
Alistipes_JQ084893
Alistipes_JQO085082
Akkermansia muciniphila
Bilophila_JQ084163
§24-7_EU505334
Bacteroides acidofaciens
Alistipes_EF603417
Ruminococcaceae_AY991729
Alistipes_HQ740259
Parabacteroides goldsteinii
Anaerotruncus_EU505612
Blautia_HM&845948
Allobaculum_EU510831
Alistipes_GQ157664
Bacteroides acidifaciens
Blautia_EF098132
§24-7_EU453189
Anaeroplasma_EF406813
vadinBB60_AB606358

Referred in Fig.6 as:
Alistipes_sp_4_s
Alistipes_sp_5 s
Akkermansia_muciniphila_s
Bilophila_sp_s

§24-7 sp 2 s
Bacteroides_acidofaciens_s
Alistipes_sp_1_s
Ruminococcaceae_sp_s
Alistipes_sp 3 s
Parabacteroides_goldsteinii_s
Anaerotruncus_sp_s
Blautia_sp_2_s
Allobaculum_sp _s
Alistipes_sp 2 s
Bacteroides_acidifaciens_s
Blautia_sp_1_s

§24-7 sp 1 s
Anaeroplasma_sp_s
vadinBB60 sp_s

1.739
3.390
0.646
2.897
2.110
0.568

1.184
3.009
0.834
1.383
1.489
0.878

0.597
1.325
0.002
1.393
0.877
0.560

0.39
0.93
0.00
0.89
0.68
0.56:

Abundance of bacteria taxa, expressed in percentage, that are impacted by the dietary treatment and/or the alcohol challenge, as determined by pyrosequencing of

16sRNA gene; SD : standard deviation. Data with different superscript letters are significantly different (p<0.05) according to 2-way ANOVA followed by
Tukey post hoc test; p values were adjusted for multiple testing according to the Tuckey procedure.
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Figure 3. Morphologic, mor
phometrie, and molecular
changes for the ewvaluation of
cell proliferation in the casco-
colon. (A} Representative pic-
tures of the colon after aleian
blue staining; (B) cecal tissue
weight versus body weight;
{C) crypt depth measured by
histological analyses  after
hematoxilinfeosin or blue alcian
staining; (D) expression of
intectin in the colon. Mice weare
fed a control diet supplemeanted
with or without rhubarb extract
during 17 days before the
aleohol ehallenge. Data  are
expressed as the mean £ SEM.
Data with different superscript
letters are significantly differeant
at p = 0.05 according to the
one=way analysis of wvariance
statistical analysis followed by
Tukey post hoe tast.

Supporting Information Figure S4

Representative picture of feces and fecal production over 24h

A
Control Rhubarb extract
| A
i : s
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= = Z)=s
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number of feces produced over 24h fecal production over 24h
150+ R 1500+
1004 1000
—
g
504 5004
: T ﬂ T
Control Rhubarb extract Control Rhubarb extract

A. Representative picture of feces produced during 6h. B. Number of feces produced
over 24h. C. Weight of feces produced over 24h. Mice were fed a control diet

supplemented with our without rhubarb extract during 14 days.
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Table 1. Gene expression in the colon

mRNA (relative expression) Control Rhubarb Alcohol Alcohol+
extract Rhubarb extract
1-6 1.00 + 0.08 1.20 + 0.19 0.94 + 0.17 0.79 + 0.23
I1-1B 1.00 + 0.092 1.10 + 0.162b 1.37 + 0.212b 1.96 + 0.37P
TNF-a 1.00 + 0.11 1.17 + 0.23 1.16 + 0.39 1.27 + 0.16
MCP-1 1.00 + 0.10%P 1.32 + 0.262 0.57 + 0.07° 1.07 + 0.202P

Mice were fed a control diet supplemented with or without rhubarb extract during 17 days before the alcohol challenge. Data are expressed

as the mean + SEM. Data with different superscript letters are significantly different at p < 0.05 according to the one-way analysis of
variance statistical analysis followed by Tukey post hoc test. MCP-1, monocyte chemotactic protein 1.
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3] Rhubarb extract
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relative expression

MCP-1

L[

IL-1p

Figure 5. Expression of inflammatory
genes in the liver. Data are expressed as
the mean + SEM; values are expressed rel-
ative to control group (set at 1). p <0.05
versus control group and " p < 0.05 versus
Alcohol group according to the one-way
analysis of variance statistical analysis fol-
lowed by Tukey post hoc test. Mice were
fed a control diet supplemented with or
without rhubarb extract during 17 days be-
fore the alcohol challenge.



Histochemistry analysis of macrophage and fat infiltration in the liver

Control Alcohol Alcohol+Rhubarb extract
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Table 2. Hepatic parameters related to steatosis and oxidative stress

Control Rhubarb Alcohol Alcohol+
extract Rhubarb extract
Triglycerides content (nmol mg protein) 151 + gab 118 + 92 174 + 16° 173 + 6P
Cholesterol content (nmol mg protein) 81+ 6 83+ 14 98 + 9 81 +.7
TBARS content (mmol MDA/I homogenate H/10) 5.2 + 0.4 3.7 +£ 0.2 5.1 + 0.7 5.6 + 0.6
ROS content (% RFU/ug protein) 100 + 3P 84 + 13ab 116 + 102 85 + 6P
NADPH oxidase mRNA (relative expression) 1.00 + 0.1828:b 0.87 + 0.232b 1.73 + 0.562 0.55 + 0.06°

Mice were fed a control diet supplemented with or without rhubarb extract during 17 days before the alcohol challenge. Data are expressed
as the mean + SEM. Data with different superscript letters are significantly different at p < 0.05 according to the one-way analysis of
variance statistical analysis followed by Tukey post hoc test. MDA, relative fluorescence units; RFU, relative fluorescence units; ROS,
reactive oxygen species; TBARS, thiobarbituric acid reactive substances.
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Figure 6. Correlations between bacterial taxa and host parame-
ters. Pearson correlations were computed for all bacterial taxa
significantly affected by the treatment (Supporting Information
Table 3) and all measured host parameters. p-Values were ad-
justed for multiple testing according to the Bonferroni and
Hochberg procedure. The color at each intersection refers to the
value of the rcoefficient; asterisk indicated a significance correla-
tion between these two parameters (p < 0.05). Only the bacterial
taxa for which at least one significant correlation with a host pa-
rameter was detected, are displayed. Bacterial taxonomic level is
indicated at the end of the name (p = phylum, f = family, g =
genus, s = species).
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[n summary, this study highlighted that administration of
the rhubarb extract at low doses modified host antimicrobial
peptide production and gut homeostasis and was associated
with profound changes in gut microbial composition. More-
over, the administration of the rhubarb extract had a hepato-
protective effect in binge alcohol induced liver injury acting
upon the first step of the disease. This outcome might be
the consequence of several pathways related with the down-
regulation of expression levels of inflammatory and oxidative
markers such as TLR4 and NADPH oxidase, respectively. We
hypothesize that the changes in gut bacteria observed upon

rhubarb treatment was involved in the higher turnover of ep-
ithelial cells contributing to reinforce gut barrier, and thereby,
would reduce hepatic damages induced by a binge alcoholic
challenge. Future studies should aim at further unraveling
the mechanisms by which the gut microbiota impact host
physiology related to alcohol abuse, with the hypothesis in
mind that the gut microbiota could either be a contribution
factor and a therapeutic target in this context.
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