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ABSTRACT
Crohn’s disease (CD) and ulcerative colitis (UC) are chronic inflammatory diseases of
the colon. Dietary polyphenols, secondary metabolites of plants, have shown anti-inflammatory
effects in the colon. Dietary polyphenols are associated with the increase in beneficial bacteria
that are associated with a reduced inflammatory state while decreasing harmful bacteria that are
associated with inflammation in the colon. In addition, diets rich in dietary polyphenols have
been associated with decreased levels of pro-inflammatory cytokines. However, there is a lack of
evidence if the microbiome is essential for the noted anti-inflammatory effects of dietary
polyphenols. This study investigates if the microbiome is essential for the anti-inflammatory
effects of dietary polyphenols. Colitis was induced using DSS in antibiotic-treated mice and nonantibiotic treated mice and were given diets supplemented with purple (dietary polyphenols rich),
red, or white (dietary polyphenols poor) potatoes as a source of dietary polyphenols. The
expression of inflammatory cytokines was measured from colon tissue and the composition of
the gut microbiome was measured from fecal samples. Supplementation with potato as a source
of polyphenols increased the expression of inflammatory markers in microbiota-ablated mice and
reduced the relative expression of inflammatory markers in their non-ablated counterparts. There
was a significant increase in the relative abundance of Bifidobacterium bifidum in mice
consuming purple and red-fleshed potatoes and decrease in pks+ Escherichia coli in mice
consuming potato diets after eight weeks of supplementation. There was no noted change in the
prevalence of Enterobacteriaceae. This gives evidence that the anti-inflammatory effect of
polyphenols was dependent on gut bacteria. The significance of this study is it provides further
evidence that a diet rich in phenols can be an effective prevention strategy for chronic
inflammatory colon diseases like CD and UC.
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Chapter 1
INTRODUCTION

Inflammatory Bowel Disease and the Gut Microbiome
Inflammatory bowel disease (IBD) is a disease characterized by chronic inflammation of
the gastrointestinal tract that affects an estimated 3.1 million Americans per year (1). Two forms
of IBD are Crohn’s disease (CD) and ulcerative colitis (UC). Crohn’s disease affects the entire
gastrointestinal tract and is commonly associated with skip lesions, lesions that skip various
areas of the gastrointestinal tract while affecting others. CD is marked histologically by a
thickened submucosa and transmural inflammation. UC is contained to the colon only and is
marked histologically by mucosal inflammation (2). Although pathologically different diseases,
both CD and UC are marked by profound inflammation (1, 2).
IBD should not be confused with irritable bowel syndrome (IBS), which is a functional
disorder of the colon without inflammation (3). Both IBD and IBS have similar symptoms such
as diarrhea, bloating, abdominal pain; however, IBD is thought to be due to inappropriate
response or changes to the gut microbiome that lead to bacterial dysbiosis that can lead to
chronic inflammation (3-7). Dysbiosis is defined as a shift in the microbial diversity that favors
potentially pathogenic bacteria over beneficial, commensal bacteria (8). Healthy Individuals have
a greater abundance of Firmicutes and Bacteroidetes compared to those who are affected by IBD
(9, 10). Individuals with IBD have increased levels of Enterobacteriaceae compared to healthy
individuals (8, 11, 12). Additionally, individuals affected by CD has a noted increase of bacterial
presence, especially E. coli in the second layer of the gut mucosal layer, which is typically sterile
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(9). Enterobacteriaceae includes pathogenic bacteria such as Escherichia coli, Salmonella, and
Shigella which are all gram-negative bacteria that produce a potent endotoxin,
lipopolysaccharide (LPS) (13). LPS is released once the bacterium dies and causes pronounced
inflammation. LPS activates the inflammatory path through the innate immune system by
binding to toll-like receptors (TLRs) on macrophages and dendritic cells which then activates the
genes for transcription factors such as NF-κB. NF-κB then activates genes for inflammatory
cytokines like Tumor necrosis factor 𝛼 (TNF-α), interleukin-1𝛽 (IL-1𝛽), interleukin-6 (IL-6),
and interleukin-17 (IL-17) (13, 14).

Current conventional treatments for UC or CD include the use of immunosuppressants,
glucocorticoids, and salicylates; however, there are many side effects that drive research to find
alternatives treatments for IBD (15-17). Alternatives include the use of plants, specifically the
use of polyphenols of plants, for anti-inflammatory effects.

Dietary Polyphenols

Polyphenols are a class of plant secondary metabolites that have multiple hydroxyl
groups (-OH groups) on a 6-carbon, aromatic structure. In plants, these compounds act as
defensive compounds against pathogens or ultraviolet light (18, 19). There is growing evidence
that polyphenols exhibit a variety of health benefits, including anti-inflammatory properties (4, 5,
20-22). Several mechanisms of polyphenol activity have investigated including the gut
microbiome.
Vegetables, fruits, and grains that are rich in red, blue, or purple pigments are abundant in
the polyphenol, anthocyanin (19). There is growing evidence that dietary polyphenols such as
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anthocyanins increase the proportion of Bifidobacterium and Akkermansia in the colon, which
are considered to be beneficial bacteria that play a protective role against colonic inflammation
and colitis (4, 21). A previous study showed increased relative abundance of Akkermansia and
lower expression of TNF-𝛼 and IL-6 in mice that were fed concord grapes (rich in dietary
polyphenols) had an ncrease in the growth of Akkermansia and had lower expression of TNF-𝛼
and IL-6 (4). A similar result was seen with mice that were fed a polyphenol-rich cranberry
extract (5).
Dietary polyphenols are not readily absorbed by the gut epithelium. The gut microbiome
is capable of various enzymatic activities that are able to metabolize dietary polyphenols to
metabolites that the gut can absorb (23-25). Dietary polyphenols increase the abundance of
beneficial bacteria of the gut microbiome which are the bacteria that are able to metabolize the
polyphenols to metabolites that the gut epithelium can absorb (4, 23, 26). However, no studies
have determined if the gut microbiome is essential for the noted anti-inflammatory effects of
polyphenols or if those effects independent of the role of the gut microbiome.

Purpose of the Study

The purpose of this study is to determine whether the anti-inflammatory properties of
dietary polyphenols are dependent on the presence of gut bacteria. It is hypothesized that the
anti-inflammatory properties of dietary polyphenols are more pronounced in conventional mice
compared to microbiota-ablated mice which would indicate that the gut microbiome is necessary
for the anti-inflammatory properties of dietary polyphenols.

4

Chapter 2
MATERIALS AND METHOD

Mice Dietary Study

4-week-old, male C57BL/6 mice (n=90) (Jackson Laboratory, Bar Harbor, ME, USA)
were assigned to 5 groups (n = 18). Ten mice from each group were depleted of their colonic
microbiome using an antibiotic cocktail of ampicillin 1g/L and neomycin 0.5g/L through their
drinking water. The remaining 8 mice in each group did not have their microbiome depleted.
After a week of acclimatization, each group received a different potato diet to introduce dietary
polyphenols. The five groups are the following: control (CT) group (AIN-93G diet), DSS group
(AIN-93G diet), DSS+PP20 (20% Purple Majesty mixed in AIN-93N diet), DSS+RP20 (20%
Mountain Rose mixed in AIN-93N diet), and DSS+WP20 (20% Atlantic Potato mixed in AIN93N diet). The composition of each diet can be seen in Table 1 below. DSS-induced colitis was
introduced after 7 weeks of diet composition to every diet group except the control via their
drinking water at a final concentration of 2% w/v for five days during which clinical symptoms
of colitis were monitored including daily activity, diarrhea, bloody stool, and weight loss. The
care and welfare of the mice were maintained at the pathogen-free animal care facility at the
Millennium Science Complex, Penn State University. All animal experiments were approved by
the Institutional Animal Care and Use Committee (IACUC) and conducted by the Animal
Welfare Act (Public Law 99-198).

5

Table 1 - Composition of Diets
(Control = AIN-93G diet, PP20 = 20% Purple potato diet, RP20 = 20% Red potato diet, WP20 =
20% White potato diet)
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Sample Collection

Fecal samples were collected on a weekly basis during the experimental period and
stored at -80℃ till used for future analysis. After five days of DSS treatment, mice were

euthanized using CO2 asphyxiation. Blood and organs (colon, ileum, cecum, liver, spleen, and
kidney) were collected and weighed. Colon tissue samples were stored in RNALater®. All
samples were stored for later use.

Quantitative Real-Time PCR

Inflammatory Markers from Colon Tissues

Colon tissue samples and fecal samples from the first day of the 4th and after DSS
treatment were used to extract RNA using PureLinkTM Mini Kit from Invitrogen (Carlsbad, CA,
USA). The quantity of RNA was measured using BioTek™ Cytation™ 3 Cell Imaging MultiMode Reader (Thermo Fisher Scientific Inc., Winooski, VT, USA). RNA reverse transcription
was completed using qScriptTM cDNA SuperMix synthesis kit using the manufacturer’s
protocol. qRT-PCR was completed using the Roche LightCycler 96 instrument (Indianapolis, IN,
USA) and with PerfeCT® Sybr® Green FastMix kit using established manufacture protocol. The
reaction was as followed: denaturing at 95℃ for 10min followed by 45 cycles of annealing at of
95℃ for 10s and extension at 55℃ for 60s. The primers used to detect expression of
inflammatory cytokines are listed in Table 2 below. The control primer to normalize mRNA
expression was β-Actin. Relative mRNA expression was calculated using the 2ΔΔCt method
and fold change was determined using β-Actin.
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Table 2 - Primer Sequences for Inflammatory Cytokines

Bacterial Composition from Feces

Genomic DNA was extracted from feces using QIAmp DNA Stool Mini Kit (Qiagen,
MD, USA) using manufacture’s protocol. qRT-PCR was completed using the Roche LightCycler
96 instrument (Indianapolis, IN, USA) and with PerfeCT® Sybr® Green FastMix kit using
established manufacture protocol. The reaction was as followed: denaturing at 95℃ for 10min
followed by 45 cycles of annealing at of 95℃ for 10s and extension at 55℃ for 60s. The
following primers listed in Table 3 below were used to identify specific species of bacteria based
on ribosomal RNA (rRNA). Universal 16s rRNA was used for comparing bacterial composition
using 2ΔΔCt method.
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Table 3 - Primer Sequences for Bacterial rRNA

Statistical Analysis

Data are presented as means ± SEM. Unpaired two-tailed t-test was used to compare two

groups. One-way analysis of variance followed by Fishers’ LSD test was used to compared
means of groups of three or more.
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Chapter 3
RESULTS

Inflammatory Cytokines Expression

A

B

Figure 1 - Relative Expression of IL-1B in Antibiotic and Non-antibiotic Treated Mice
Control = mice on normal diet with no DSS treatment, DSS = mice on normal diet with DSS
treatment, PP+DSS = mice on 20% purple potato diet with DSS treatment, RP+DSS = mice on
30% red potato diet with DSS treatment, WP+DSS = mice on 20% white potato diet with DSS
treatment
Different letters indicate significance at α=0.05 level. Treatments with same letter indicate no
significant difference at α=0.05 level.

Figure 1.A shows the relative expression of IL-1𝛽 in mice treated without antibiotics.
There is a significant increase in the expression of IL-1𝛽 in the DSS, RP+DSS, and WP+DSS
groups compared to the control. There is also a significant increase in the expression of IL-1𝛽 in
the RP+DSS treatment compared to the DSS treatment. Figure 1.B shows the relative expression
of IL-1𝛽 in mice with antibiotics. There is a significant increase in the expression of IL-1𝛽 in
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mice with PP+DSS and RP+DSS compared to the control and DSS treatment. The WP+DSS
showed no significant difference in IL-1𝛽 compared to any group did not significantly differ
from control and other potato diets.

Figure 2 - Relative Expression of IL-6 in Antibiotic and Non-Antibiotic Treated Mice
Control = mice on normal diet with no DSS treatment, DSS = mice on normal diet with DSS
treatment, PP+DSS = mice on 20% purple potato diet with DSS treatment, RP+DSS = mice on
30% red potato diet with DSS treatment, WP+DSS = mice on 20% white potato diet with DSS
treatment
Different letters indicate significance at α=0.05 level. Treatments with same letter indicate no
significant difference at α=0.05 level.

Figure 2.A shows the relative expression of IL-6 in mice treated without antibiotics.
There is an increased expression of IL-6 in all treatment groups compared to control; however,
only PP and WP reduced the DSS induced increase in IL-6 expression in non-antibiotic mice.
DSS treatment shows increased expression of IL-6 compared to potato diet mice and a
significant difference in expression was detected when compared to WP+DSS mice. Figure 2.B
shows the relative expression of IL-6 in mice treated with antibiotics. Compared to the control
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and DSS, there is an increase in the expression of IL-6 in all potato diet groups. There is no
significant difference in the expression of IL-6 between the control and DSS groups.

A

B

Figure 3 - Relative Expression of IL-17 in Antibiotic and Non-antibiotic Treated Mice
Control = mice on normal diet with no DSS treatment, DSS = mice on normal diet with DSS
treatment, PP+DSS = mice on 20% purple potato diet with DSS treatment, RP+DSS = mice on
30% red potato diet with DSS treatment, WP+DSS = mice on 20% white potato diet with DSS
treatment
Different letters indicate significance at α=0.05 level. Treatments with same letter indicate no
significant difference at α=0.05 level.

Figure 3.A shows the relative expression of IL-17 in mice that were not treated with and
Figure 3.B shows the relative expression of IL-17 in mice that were treated with antibiotics.
There was no significant difference in the relative expression of IL-17 of any diet treatment
compared to the control or to DSS in the mice not treated with antibiotics. An increase in
expression was found in all the treatment groups in the mice treated with antibiotics; however,
only a significant relative expression of IL-17 was found in the DSS mice compared to control.
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A

B

Figure 4 - Relative Expression of NF-κB in Antibiotic and Non-Antibiotic Treated Mice
Control = mice on normal diet with no DSS treatment, DSS = mice on normal diet with DSS
treatment, PP+DSS = mice on 20% purple potato diet with DSS treatment, RP+DSS = mice on
30% red potato diet with DSS treatment, WP+DSS = mice on 20% white potato diet with DSS
treatment
Different letters indicate significance at α=0.05 level. Treatments with same letter indicate no
significant difference at α=0.05 level.

Figure 4.A shows the expression of NF-𝜅B in mice who were not treated with antibiotics
while Figure 4.B shows the expression of NF-𝜅B in mice who were treated with antibiotics. NF𝜅B was expressed more in the DSS, PP+DSS, and WP+DSS in mice treated with antibiotics
compared to the non-antibiotic treated counterpart.
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Gut Microbiome Composition

A

C

B

D

E

Figure 5 - Relative Abundances of Various Bacteria of Week 4 and Week 8 Mice without
Antibiotics Before DSS
Control = mice on normal diet, PP = mice on 20% purple potato diet, RP = mice on 30% red potato
diet, WP = mice on 20% white potato diet
The uppercase letters indicate the significant differences in week 4 and lowercase letters are for
week 8. The stars represent the significant difference between week 4 and 8 of the same diet
treatment.
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Figure 5 shows the prevalence of Bifidobacterium, Akkermansia muciniphila,
Faecalibacterium prausnitzii, Enterobacteriaceae, and Escherichia coli at week 4 and at week 8
(just before DSS was introduced to induce colitis) in mice without antibiotic treatment. There
was a significant increase in the relative abundance of Bifidobacterium between week 4 and
week 8 in mice (Figure 5.A) supplemented with purple and red potatoes. Week 4 mice of the
control group had a greater abundance of Akkermansia muciniphila compared to the week 8
mice; however, there was no difference in the abundance of Akkermansia muciniphila in the diet
treatments between week 4 and week 8 (Figure 5.B). There was no noted significant abundance
of Faecalibacterium prausnitzii between week 4 and week 8 mice (Figure 5.C). The control,
mice showed an increase in the prevalence of Enterobacteriaceae after at week 8 compared to
week 4 (Figure 5.D). The relative abundance of pks+ Escherichia coli was reduced in all potato
supplemented groups at week 8 compared to week 4, however white potato supplementation
significantly reduced the relative abundance (Figure 5.E).
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Chapter 4
DISCUSSION AND CONCLUSION
There is increasing evidence that polyphenol-rich foods could be beneficial in reducing
inflammation. Previous studies have been shown that there is a noted reduction in various
inflammatory markers with the increased consumption of polyphenol-rich foods; however, it is
not well understood if the microbiome is necessary for the anti-inflammatory effects of the
dietary polyphenols. We investigated the role of the gut microbiome in reducing inflammation in
DSS-induced colitis using gut microbiome ablated and non-ablated mice.
It was expected that if the gut-microbiome was essential for the anti-inflammatory effects
of dietary polyphenols, then the gut microbiome ablated mice would have increased expression
of inflammatory cytokines compared to gut microbiome retained. It was found that in mice with
an ablated gut microbiome, there was an increase in the expression of IL-1𝛽, IL-17, and NF-𝜅B
(Figure 1, 3, 4) compared to their non-antibiotic treated counterparts. IL-6 expression was greater
in non-antibiotic treated mice compared to antibiotic treated mice. This is likely due to the dualrole of IL-6 as an anti-inflammatory and pro-inflammatory cytokine (27). Additionally, in the
gut-microbiome ablated mice, the expression of IL-1𝛽, IL-6, IL-17, and NF-𝜅B were higher in
the three potato treatments with DSS compared to the normal diet with DSS. This gives evidence
that the addition of polyphenols without the gut microbiome increase the inflammatory response
rather than lessen it.
Next, the gut microbiome composition before the introduction of DSS-induced colitis
was investigated to determine the change in the composition of the gut microbiome with a
polyphenol-rich diet. It was previously found that dietary polyphenols increase the expression of
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beneficial gut bacteria that resulted in decreased intestinal inflammation such as Bifidobacterium
bifidum and Akkermansia or Faecalibacterium prausnitzii. Moreover, the relative abundance of
these two bacteria are known to be diminished in the colon of those affected with Crohn’s
disease. Polyphenol diets decreased the prevalence of harmful gut bacteria that promote
intestinal inflammation such as Enterobacteriaceae E. coli (4, 28). There was a significant
increase in the prevalence of Bifidobacterium bifidum from week 4 to week 8 with both the
purple potato and red-potato diets, but no significant change in the abundance of Bifidobacterium
bifidum with the white-potato diet (Figure 5.A). This gives evidence that the presence of dietary
anthocyanins increases the prevalence of Bifidobacterium bifidum. There was no evidence for a
significant difference in the abundance of Akkermansia muciniphila, Faecalibacterium
prausnitzii, Enterobacteriaceae, or Escherichia coli between week 4 and 8 (Figure 5.B-E) within
the treatment group indicating the establishment of the composition by week 4. Potato diets
significantly reduced the relative abundance of Akkermansia muciniphila and Faecalibacterium
prausnitzii compared to the control diet though these bacteria are considered to be beneficial
(28). Though purple and white potatoes did not reduce the relative abundance of
Enterobacteriaceae, they reduced the pks+ E. coli levels which are considered pathogenic. Redfleshed potatoes reduced both the Enterobacteriaceae and pks+ E. coli levels compared to the
control at 8 weeks of feeding. This suggests that the ability of anthocyanins to modulate gut
bacteria is dependent on the composition of anthocyanins.
In conclusion, the gut microbiome plays a role in the anti-inflammatory effects of dietary
polyphenols. The lack of difference in the expression of inflammatory cytokines in all three
groups of potato-diet mice with their microbiome ablated, but have a higher relative expression
of the inflammatory cytokines compared to the non-ablated microbiome mice indicates that the
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lack of a microbiome increases the intensity of the DSS-induced colitis. In addition, the negative
effecting gut bacterial populations did not change and there was an increase in Bifidobacterium
bifidum, a protective bacterium of the colon, which indicates the dietary polyphenol-rich diets do
not induce a change in the gut microbiome that would favor a state of inflammation.
The microbiome is capable of metabolizing these dietary polyphenols while human cells
(4, 23, 26). The epithelial cells might be able to absorb the gut bacterial metabolites more
efficiently compared to the parent polyphenols. To completely understand the relationship
between the gut microbiome and the anti-inflammatory effects of dietary polyphenols, future
research should investigate the gut bacterial metabolites of the polyphenols and the efficacy and
bioavailability of metabolites compared to the parent compounds.

18

Chapter 5
REFERENCES
1.

Kaplan, G. G. 2015. The global burden of IBD: from 2015 to 2025. Nature Reviews
Gastroenterology & Hepatology 12: 720.

2.

Xavier, R. J., and D. K. Podolsky. 2007. Unravelling the pathogenesis of inflammatory bowel
disease. Nature 448: 427.

3.

Enck, P., Q. Aziz, G. Barbara, A. D. Farmer, S. Fukudo, E. A. Mayer, B. Niesler, E. M. M. Quigley,
M. Rajilić-Stojanović, M. Schemann, J. Schwille-Kiuntke, M. Simren, S. Zipfel, and R. C. Spiller.
2016. Irritable bowel syndrome. Nat Rev Dis Primers 2: 16014.

4.

Roopchand, D. E., R. N. Carmody, P. Kuhn, K. Moskal, P. Rojas-Silva, P. J. Turnbaugh, and I.
Raskin. 2015. Dietary Polyphenols Promote Growth of the Gut Bacterium Akkermansia
muciniphila and Attenuate High-Fat Diet–Induced Metabolic Syndrome. In Diabetes. 2847-2858.

5.

Anhê, F. F., D. Roy, G. Pilon, S. Dudonné, S. Matamoros, T. V. Varin, C. Garofalo, Q. Moine, Y.
Desjardins, E. Levy, and A. Marette. 2015. A polyphenol-rich cranberry extract protects from dietinduced obesity, insulin resistance and intestinal inflammation in association with increased
Akkermansia spp. population in the gut microbiota of mice.

6.

Cani, P. D., M. Osto, L. Geurts, and A. Everard. 2012. Involvement of gut microbiota in the
development of low-grade inflammation and type 2 diabetes associated with obesity. In Gut
Microbes. 279-288.

7.

Major, G., and R. Spiller. 2014. Irritable bowel syndrome, inflammatory bowel disease and the
microbiome. Curr Opin Endocrinol Diabetes Obes 21: 15-21.

8.

Ni, J., G. D. Wu, L. Albenberg, and V. T. Tomov. 2017. Gut microbiota and IBD: causation or
correlation? Nat Rev Gastroenterol Hepatol 14: 573-584.

9.

19
Zhang, Y. Z., and Y. Y. Li. 2014. Inflammatory bowel disease: Pathogenesis. World J
Gastroenterol 20: 91-99.

10.

Martinez, C., M. Antolin, J. Santos, A. Torrejon, F. Casellas, N. Borruel, F. Guarner, and J.-R.
Malagelada. 2008. Unstable Composition of the Fecal Microbiota in Ulcerative Colitis During
Clinical Remission. American Journal of Gastroenterology 103: 643-648.

11.

Seksik, P., L. Rigottier-Gois, G. Gramet, M. Sutren, P. Pochart, P. Marteau, R. Jian, and J. Doré.
2003. Alterations of the dominant faecal bacterial groups in patients with Crohn's disease of the
colon. In Gut. 237-242.

12.

Baumgart, M., B. Dogan, M. Rishniw, G. Weitzman, B. Bosworth, R. Yantiss, R. H. Orsi, M.
Wiedmann, P. McDonough, S. G. Kim, D. Berg, Y. Schukken, E. Scherl, and K. W. Simpson.
2007. Culture independent analysis of ileal mucosa reveals a selective increase in invasive
Escherichia coli of novel phylogeny relative to depletion of Clostridiales in Crohn's disease
involving the ileum. Isme j 1: 403-418.

13.

Beutler, B., and E. T. Rietschel. 2003. Innate immune sensing and its roots: the story of endotoxin.
Nature Reviews Immunology 3: 169.

14.

Guha, M., and N. Mackman. 2001. LPS induction of gene expression in human monocytes. Cell
Signal 13: 85-94.

15.

Abdolghaffari, A. H., A. Baghaei, F. Moayer, H. Esmaily, M. Baeeri, H. R. Monsef-Esfahani, R.
Hajiaghaee, and M. Abdollahi. 2010. On the benefit of Teucrium in murine colitis through
improvement of toxic inflammatory mediators. Hum Exp Toxicol 29: 287-295.

16.

Farzaei, M. H., R. Rahimi, and M. Abdollahi. 2015. The role of dietary polyphenols in the
management of inflammatory bowel disease. Curr Pharm Biotechnol 16: 196-210.

17.

Rahimi, R., S. Nikfar, and M. Abdollahi. 2013. Comparison of the Efficacy and Tolerability of
Herbal Medicines with 5-aminosalisylates in Inflammatory Bowel Disease: A Meta-analysis of

20
Placebo Controlled Clinical Trials Involving 812 Patients. International Journal of Pharmacology
9: 227-244.
18.

Manach, C., I. From the Unité des Maladies Métaboliques et Micronutriments, Saint-Genès
Champanelle, France (CM, AS, CM, and CR), and Danone Vitapole Research, Palaiseau cedex,
France (LJ)., A. Scalbert, I. From the Unité des Maladies Métaboliques et Micronutriments, SaintGenès Champanelle, France (CM, AS, CM, and CR), and Danone Vitapole Research, Palaiseau
cedex, France (LJ)., C. Morand, I. From the Unité des Maladies Métaboliques et Micronutriments,
Saint-Genès Champanelle, France (CM, AS, CM, and CR), and Danone Vitapole Research,
Palaiseau cedex, France (LJ)., C. Rémésy, I. From the Unité des Maladies Métaboliques et
Micronutriments, Saint-Genès Champanelle, France (CM, AS, CM, and CR), and Danone Vitapole
Research, Palaiseau cedex, France (LJ)., L. Jiménez, and I. From the Unité des Maladies
Métaboliques et Micronutriments, Saint-Genès Champanelle, France (CM, AS, CM, and CR), and
Danone Vitapole Research, Palaiseau cedex, France (LJ). 2004. Polyphenols: food sources and
bioavailability. The American Journal of Clinical Nutrition 79: 727-747.

19.

Tsao, R. 2010. Chemistry and Biochemistry of Dietary Polyphenols. In Nutrients. 1231-1246.

20.

Wang, D., M. Xia, X. Yan, D. Li, L. Wang, Y. Xu, T. Jin, and W. Ling. 2012. Gut microbiota
metabolism of anthocyanin promotes reverse cholesterol transport in mice via repressing miRNA10b. Circ Res 111: 967-981.

21.

Han, X., T. Shen, and H. Lou. 2007. Dietary Polyphenols and Their Biological Significance. In Int
J Mol Sci. 950-988.

22.

Garcia-Lafuente, A., E. Guillamon, A. Villares, M. A. Rostagno, and J. A. Martinez. 2009.
Flavonoids as anti-inflammatory agents: implications in cancer and cardiovascular disease.
Inflamm Res 58: 537-552.

23.

Selma, M. V., J. C. Espín, and F. A. Tomás-Barberán. 2009. Interaction between Phenolics and Gut
Microbiota: Role in Human Health.

24.

21
Scalbert, A., and G. Williamson. 2000. Dietary intake and bioavailability of polyphenols. J Nutr
130: 2073s-2085s.

25.

c, E. P., D. L. Ambriz-Pere, N. Leyva-Lopez, R. I. Castillo-Lopez, and J. B. Heiedia. 2016. Review:
dietary phenolic compounds, health benefits and bioaccessibility. Arch Latinoam Nutr 66: 87-100.

26.

Tsuda, T. 2012. Dietary anthocyanin-rich plants: biochemical basis and recent progress in health
benefits studies. Mol Nutr Food Res 56: 159-170.

27.

Rose-John, S. 2012. IL-6 trans-signaling via the soluble IL-6 receptor: importance for the proinflammatory activities of IL-6. Int J Biol Sci 8: 1237-1247.

28.

Cao, Y., J. Shen, and Z. H. Ran. 2014. Association between Faecalibacterium prausnitzii Reduction
and Inflammatory Bowel Disease: A Meta-Analysis and Systematic Review of the Literature.
Gastroenterol Res Pract 2014: 872725.

KYLIE
MARCH
EDUCATION

kylie.march1@gmail.com

RESEARCH EXPERIENCE

SCHOLARSHIPS AND
GRANTS

TEACHING EXPERIENCE

LEADERSHIP & INVOLVEMENT

