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Abstract

Alterations of Composition and Metabolic Activity of Fecal Microbiota in Ulcerative

Colitis Rats and Intervention of Astragali Radix

By
Yaping Li

Supervisor: Dr. Ru Yan

Background:

Ulcerative colitis (UC) is a nonspecific chronic inflammatory disease involving the
mucosa of the colon and rectum. Clinical observations indicate an association of gut
dysbiosis with the initiation and amplification of UC. However, the dynamic shifts in
composition as well as function of gut bacteria during UC progression remain largely
unknown. UC model induced by dextran sulfate sodium (DSS) is commonly used to
address the pathogenesis of UC and to evaluate therapy efficacy. The present study
aimed to determine the dynamic alterations of composition and metabolic function of
the predominant fecal microbiota from UC rats and to evaluate the intervention of
Astragali Radix (AR), a Chinese medicinal herb notable for its immune-enhancing

effects during traditional practice.

Methods:

An experimental chronic colitis was induced in male Sprague-Dawley rats by
treatment with 5% dextran sulfate sodium (DSS) in a 7-d model (5% DSS for 7 days,
acute phase) and a 14-d model (5% DSS for 7 days, acute phase; and water for
another 7 days, recovery phase), respectively. Clinical parameters, cytokine levels,

myeloperoxidase (MPO) activities and histological changes of UC rat model were
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determined to assess the success of the model. Fecal samples were freshly collected at
proper intervals to prepare fecal bacteria. Metabolic activity of B-glucosidases and
B-glucuronidases in fecal bacteria was measured with respective probe substrates.
Compositional analysis was conducted using 16S rRNA based real-time quantitative
PCR (RT-PCR) analysis with group-specific primers for six group of bacteria
(Bifidobacterium,  Enterobacteriaceae,  Bacteroides  fragilis,  Lactobacillus,
Clostridium coccoides, Clostridium leptum) and a universal primer for the total fecal

microbiota.

Qualitative and quantitative analysis of the aqueous extract of AR was carried out
by HPLC-DAD-ESI-MS/MS and the total polysaccrides and the main saponins and
flavonoids in the AR extract were determined. AR extract was orally administered to
male SD rats (n=6) for pretreatment for 7 days (day -7~0) and then for another 7 days
(day 0~7) when received 5% DSS to induce UC. Both DSS and AR were stopped on
day 8.The UC group rats only received 5% DSS during day 0~7. UC rats and
AR-treated rats were sacrificed on day 18. Colon tissues, blood, fecal samples were
collected to measure changes of immune function, and the compositional and

functional alterations of fecal microbiota in response to AR intervention.

Restults:

After receiving DSS, rats from both 7-d and 14-d UC groups developed diarrhea
and bloody stool. Compared to normal rats, UC rats showed higher colon weight
length ratio at the end of DSS treatment (day 7). The activity of MPO, which is most
abundantly expressed in neutrophil granulocytes as an inflammation indicator, also
increased significantly in colon tissue. The production of the proinflammatory
cytokines (TNF-a, IL-1B, and IL-6) by colonic mucosa were initiated at the acute
phase and further enhanced in the recovery phase. While the anti-inflammatory
cytokines (IL-4 and IL-10) were increased in acute phase but decreased in response to
DSS withdrawal. UC rats exhibited higher contents of Bacteroides fragilisin fecal

samples collected during initiating DSS-stimulation for 3-7 days, while the relative
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amounts of Bifidobacterium, Lactobacillus, Clostridium coccoides and Clostridium
leptum were at lower levels. Moreover, there was an increase of B-glucuronidase
activity and a decrease of B-glucosidase activity in fecal bacteria during the acute
phase of UC. After recovered for 7 days, B-glucuronidase activity was decreased to

normal level while B-glucosidase activity was higher than that of the normal rats.

A total of 25 compounds in the AR aqueous extract were qualitatively analyzed
using the developed HPLC-DAD-ESI-MS/MS method. Among them, 10 main
saponins and flavonoids were further quantitatively determined and accounted for
~0.2% of the crude drug. The content of the crude polysaccrides in AR aqueous

extract was also determined and accounted for ~13% of the crude drug.

When received an oral dose of the AR extract at 5 g crude drug/kg per day for 7
days prior to initiating DSS stimulation till the end of DSS stimulation, the UC rats
showed less diarrhea and bloody stool. Moreover, AR-treatment led to a significant
decrease in MPO activity of colon tissue. The elevation of both pro-inflammatory and
anti-inflammatory mediators in serum was also significantly alleviated in response to
AR intervention. Additionally, AR could reinstate to some extent the altered
composition of gut bacteria during UC progression, especially by stimulation the
growth of the beneficial bacteria Bifidobacterium and Lactobacillus while suppression

of the growth of Bacteroides fragilis.

Conclusion:

The present study characterized, for the first time, the dynamic compositional
alterations and metabolic activity changes of the fecal microbiota during UC
progression on a DSS-induced colitis rat model. Our findings revealed a similar
compositional alteration in colitis rats to those reported in human UC, supporting the
model as a suitable tool for gut microbiota-involved disease mechanism study, therapy
assessment and drug discovery. Intervention of the tonic Chinese medicinal herbal AR

could significantly alleviate the extent of immune responses, reinstate to some extent
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the altered gut bacterial composition and function, indicating a potential of using this

herb for UC treatment.

Keywords:

Ulcerative colitis; Fecal microbiota; Composition; Metabolism; 16S rRNA-based

Real-time PCR; Astragali Radix; HPLC-MS/MS.
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