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ABSTRACT

Chronicconstipation is a common gastrointestinal disorder that occursin the elderly and in women. Psylliurr
husk is widely usedto treat this condition. Recentstudies have shown that psyllium husk can improve the
clinicalsymptomsof constipation by regulatinggut microbiota, but its clinical effects and potential mechanisns
in constipated women of reproductive age have not been previously investigated. We compared feca
microbiota after treatment with placebo (n = 29) and psyllium husk (n = 25) using 16Sribosomal ribonucleic
acid (rRNA) gene sequencing analysis. Psyllium husk relieved the symptoms of constipated women of
reproductive age. Sequencingesults showedthat the psyllium huskgroup exhibited a different gut microbiota
composition comparedto that of the placebo group. Moreover, network analysisindicated more significan
correlations and clustering of operational taxonomic units (OTU3 in the psyllium husk group. Kyotc
Encyclopediaof Genesand Genomes(KEGGannotation analysisshowed that the relative abundance of
metabolismrelated KEGGpathways were enriched in the psyllium husk group. In conclusion,these findings
suggestthat the compositionof gut microbiota was altered and that symptomsof constipationwere alleviatec
via psyllium husk intervention. The changesin metabolic function might be related to constipation.
Furthemmore, these studies are warranted to elucidate the potential metabolic mechanisns contributing to
chronicconstipation.

INTRODUCTION

Chronic constipation is one of the most common
symptoms worldwide; it can occur by itself or can be
secondary to other medicabnditions[ 1 The main
characteristicsof chronic constipation are difficult
passage of stool, reduced frequency of bowel
movements (BMs), and a feeling of incomplete

defecation Most previous studies have shown that the
prevalence of constipation 12 19% in aduls living in
North America] 2 ,, wh8réas this prevalence is 26% in
women and 16% in men over the age of[68 ,. In 5 ]
addition, among people ag€B4 yearsthe prevalence

of constipation$ 34%in women and 26%n men[ 6

8 ] Especially during late pregnancy, the risk of
constipation is higher due to reduced intestinal
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movement significant hormonal changes, and delayed
bowel emptying] 9 , . Hbv@eYer, most of the current
research on constipation has focused on all adults, and
has only rarely focused specifically on women of
reproductive age (women of childbearing ability
between the ages of 15 and yar9 alone. Therefore,
there is an urgent need to explore the impact of
constipation in such women.

With the development of m&generation sequencing
(NGS) technology, recent studies have indicated
dysbiosis of gut microbiota in chronic constipatjori.1 ]
Owing to the influences of age, sex, and hormones, the
findings on gut microbiota in chronic constipation are
paradoxical, ash, currently, no consensus exigtsl.1 ]
Fecal microbiota transplantation (FMT), probiotics,
prebiotics, synbiotics, and antibiotics have been used to
relieve symptoms of chronic constipatijorl.2 ]

Psyllium is a widely used treatment for constipation
[ 12 4 Trhis soluble dietary fiber, derived from the
seeds ofPlantago ovataor Psyllium plantago,is a
traditional herb and nefermented fiber supplement

[ 1.8t]is a polymer rich in uronic acids, pentoses, and
hexoses that has limited digestibility. Owirg its
composition, psyllium husk improves water retention
capacity in the small intestine and increases the mobility
of colonic contenf 1 6 ,. Théréfdre, it can relieve the
symptoms of constipation and is considered to have
potential prebiotic effects 1 8 ,. Altho@gh the effects

of psylium husk on alleviating symptoms of
constipation have been described, the role of gut
microbiota in this effect has remained unclear.

In the present study, we investigated the effects of
psyllium husk on the gut rmicbiota of constipated
womenageal 15-49 years using a randomized, parallel,
placebecontrolled trial.Herein, we found that psyllium
husk relieved the symptoms of constipaticompared
with those formbaseline datancludingthe following:

< 3 BMs/week (72%), hard stool (36%),pain with
bowel movement (24%),feeling of incomplete
defecation (56%Yeelingof blockage (40%)Moreover,
these changes wesrcompanied by alterations in the
composition and function of gut microbiota.

RESULTS
Characteristics

A total of 54 patients from both the psyllium husk group
and placebo group completed treatment and were
available forfour weeks. The two treatment groups
were commonly matched by agbpdy mass index
(BMI), straining,<3 bowel movementéBMs) / week
hard stool, pain with BMs, feeling of incomplete

defecationdigital maneuvering, and feeling of blockage
(Table 1). More detailed clinical information si
summarized in Supplementafable 2. The two groups
of baseline datawere balanced and comparable.
Psyllium husk was well tolerated, and no serious
adverse events occurred.

Psyllium husk relieves the symptoms of constipated
women of reproductive age

As shown in Table 2, there were significant differences
between the psyllium husk group and placebaigrm
terms ofstraining (2, 8.0% vs. 16, 55.29%,= 0.000),

<3 BMs/week (5, 20.0% vs. 25, 86.2%x= 0.000), hard
stool (8, 32.0% vs. 18, 62.19%, = 0.027), pain with
BMs (7, 28.0% vs. 17, 58.69% = 0.024), and feeling

of incomplete defecation (4, 16.096. 19, 65.5%P =
0.000) Digital maneuvering and feeling of blockage
were not statistically different between the two groups.
Although feeling of blockage did not differ to a
statistically significant degree between the groups, the
proportion thereof wa®wer in the psyllium husk group
than in the placebo group. These results indicHiat
psyllium husk as supplementation relieved the
symptoms of constipation, and that these therapeutic
effects occurred without serious adverse reactions.

Taxonomic profiling of gut microbiota in women of
reproductive age receiving placebo and psyllium
husk intervention using 16S rRNA gene sequencing

Numerous studies have shown that disorders of
intestinal flora & among otherassociated withfaonic
constipation [ 1.1To further explore the potential
intestinal flordrelated mechanisms of psyllium husk in
relieving the clinical symptoms of chronic constipation
in women of reproductive age, we determined
microbiotal compositions via 18 rRNA sequencing.
After filtering, quality control, and chimera removal, a
total of 4,658,291 effective sequences were obtained
from the 54 fecal samples (29 samples from the placebo
group, 25 samples from thasyllium husk group). In
addition, 1,335operational taxonomic units (OTUS),
which can be used tdurther analyzespecieswithin
sample via rapid visualization @&pecies composition
and abundancewere matched at 97% identity,
including 21 phyla, 37 classes, 74 orders, 126 fasjili
261 genera, and 230 species of gut microbes that we
annotated for subsequent analyses. Venn diagrams
showed that the two groups shared 844 common OTUs
(Figure1A). We used a speci@ecumulation boxplot to
evaluate the sufficiency of sample numlbad species
richness As shown in Figure 1B, when the number of
samples reached45the number of species observed
was nearly parallel, indicating that the sample size of
our experiment was sufficient. Rank abundance was
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Table 1. Characteristics of constipatepatients of reproductive age by treatment

group at baseline.

Characteristics placebo psyllium husk P-Value
Demographics

n 29 25

Age (years, mean * SD) 34.07 £ 6.245 31.16 + 6.28 0.447
Female subjects 100% 100%
Body-massindex (kg/m2, mean $D) 21.90+2.88 22.22+2.18 0.329
Clinical symptoms

Straining (n, %) 15 (62.5) 9 (37.5) 0.256
< 3BM/week (n, %) 25 (86.2) 23 (92.0) 0.499
Hard stool (n, %) 17 (58.6) 17 (68.0) 0.477
Pain with bowel movement (n, %) 16 (55.2) 13 (52.0) 0.816
Feeling of incompleteefecation(n, %) 19 (65.5) 18 (72.0) 0.609
Digital maneuver (n, %) 1(3.4) 1(4.0) 1.000
Fleeing of blockage (n, %) 19 (65.5) 20 (80.0) 0.236

Table 2. Characteristics of constipated patients measured after 4 weeks of

intervention.

Clinical symptoms placebo (n, %) psyllium husk (n, %) P-Value
Straining 16 (55.2) 2 (8.0) 0.000

< 3BM /week 25 (86.2) 5 (20.0) 0.000

Hard stool 18 (62.1) 8 (32.0) 0.027

Pain with bowel movement 17 (58.6) 7 (28.0) 0.024

Feeling of incompleteefecation 19 (65.5) 4 (16.0) 0.000

Digital maneuver 1(3.4) 1(4.0) 1.000

Fleeing of blockage 17(58.6) 10(40.0) 0.172

used to reflect the richness and uniformity of species in
each sample, while therefaction curve was used to
reflect the rationality of the amount of sequencing data
and to indirectly reflect species abundance in each
sample. The rank abundance curve of the psyllium husk
group was slightly lower than that of the placebo group,
but thHs difference was not statistically significant
(Figure 1C). Furthermore, the rarefaction curve had
similar trends in both grougEigure 1D).

To further evaluate how changes in microbial
community structure differed between the two groups,
wemeasur ed -givewsityading thé Shahnon,
Chao, and ACE diversity indices. Results showed that
the betweergroup difference was not statistically
significant @ = 0.938,P = 0.269, andP = 0.469,
respectively; Figre 2Ai2C) . By
analysis showed that total diversity was significantly
different P = 1.67e05 andP = 0.005 for unweighted
and weighted UniFrac, respectiveligure 2D, 2E).

To clarify the effect of psyllium on the intestinal flora
of constipated women of reproductivage, we
conducted a baplot analysis. A total of 18 different
microbial phyla were detected in all samples; the top 10
gut microbes at the phylum level in both groups are
shown in Figure 3AFirmicuteswas the most abundant
phylum, accounting for 53.93%nd 59.09% in the
placebo and psyllium husk groups, respectively.
Bacteroidetesconstituted the second most common
phylum present in the placebo guglllium husk groups
(35.14% vs. 25.78%, respectivehActinobacteriawas
the third most common, accourginfor 5.14% and
7.04% in the placebo angsyllium husk groups,
respectively. Fusobacteria (0.55% vs. 0.02%),
Proteobacteria (4.00% vs. 2.29%), Synergistetes
(0.14% vs. 0.03%), Verrucomicrobia (0.19% vs.

cdiversiyr a s t 0,099, andAcidobacteria (0.04% vs. 0.00%) were

more abundant in the placebo group than in the
psyllium husk group. Meanwhile, Euryarchaeota
(0.51% vs. 1.01%) andienericuteg0.30% vs. 0.60%;
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Figure 3A)were increased in thesyllium husk group.
These results indicated that overall microbial
composition atthe phylum level differed significantly
between the two groups.

At the genus level, we detected a total of 261 bacterial
taxa, and we found that microbial composition differed
significantly between the two groups. Per our analysis of
the relative abundae of bacterial genera > 0.1%, the
top 10 abundances are shown in Figure 3B, as follows
for the placebo and psyllium husk group, respectively:
Faecalibacterium (10.96% vs. 14.19%)Bacteroides
(23.40% vs. 19.22%),unidentified_Lachnospiraceae
(4.79% vs 3.35%),Romboutsia(1.21% vs. 3.20%),
Bifidobacterium(4.19% vs. 5.78%Megamonag1.90%

vs. 0.34%), Streptococcus (1.55% vs. 2.33%),
A B
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Megasphaera (2.13% vs. 0.65%), Paraprevotella
(1.19% vs. 0.31%), and.actobacillus (0.86% vs.
0.54%). Our genus level analysis revealed that some
strains were significantly increased in the control group.
We used speciegbundance cluster heatmap analysis to
visualize the corresponding abundance relationship
between samples and bactedammunities at the genus
level (Figure 3C, 3D), which confirmed the results of
our barplot analysis.

To further determine whether specific individual
bacterial taxa were differentially enriched between the
placebo andpsyllium husk groups, we applied LEfSe
analysis, which couples LDA with effesize
measurements. As shown fixigure 4A, the following
six taxa showed differentiated distributions with LDA
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Figure 1. Species abundance and bacterial diversity in both gro@sThevenndiagram indicates overlap of OTUs between the
two groups. B) The species accumulation boxplot displays species richr@d3) Rank abundance curve analysis and rarefactiove
analysis were used to show bacterial diversity and species abundance.
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scores >4:f Enterobacteriacegeo Enterobacteriales
and sBacteroides_vulgatusvere significantly more
abundant in fecal samples from the placebo group,
while we identified significant enrichment in
c_Clostridia o_Clostridiales,and f _Ruminococcaceae

in thepsyllium husk group.

Differential enrichment of specific bacteria is shovia
cladograms based on an LDA = 4 for pairwise
comparisons. According to this analysis, there was one
family, one class, and one order in thgyllium husk
group; and awell as one family and one order in the
placebo group, that were differentially abant between
the two groupgFigure 4B. These results indicated that
psyllium husk may be a significant factor in shaping gut
microbiotal composition, possibly relieving the
symptoms of constipation by reshaping intestinal flora
composition in constipatedomen of reproductive age.

Correlation network analysis and random forest
analysisof microbiota abundance

We further performed correlation network analysis to
evaluate whethepsyllium husk was related to changes

in the correlation and constructiveenaction structures
of gut microbiota. The network results showed that
samples from thelacebogroup had a smaller network
diameter (ND; 6vs. 10), lower graph density (GD;
0.014vs. 0.006), and lower average degree (AD; 1.056
vs. 2.545)than those fromthe psyllium husk group
(Figure 5. This indicated greater significant
correlations and clustering of OTUs samplasthe
psyllium huskgroup.

Next, we performed random forest analysis using the
relative abundances of the microbipbpulations to
predict the potential of bacterial taxa in constipated
women of reproductive age. Based on the species
abundance at genus levels shown in this analysis, we
selected different numbers of species by gradients to
construct a random forest modéVe screened out
important species using MeanDecreaseAccuracy and
MeanDecreaseGin(Figure 6A, 6B, crossvalidated
each model (20old), and constructed corresponding
ROC curves. Coprobacter and Sellimonas in
combination withEnterococcuschieved an area under
the curve (AUC) value of 84.42% in the discovery
model; Coprobacterand Bacillus in combination with
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Figure 2. Changes in intestinal microbe diversity during psyllium husk interventiodiversity is indicated by the Shannoi),(

Chao B), and ACE diversit@{

A Y RA GiSaisHy islindidated by unweighteB) and weighted® UniFrac between the two groups.
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Sellimonasachieved an AUC value of 78.57% in the
invalidation model (Figure 6C, §D

communities based on 16S rRNA datadetd.dt]has
been shown to provide a good approximation of
functional profiles for data obtained from the
metagenome. Therefore, in our present study, we used
Tax4Fun analysis to reveal differential functional
profiles of communities between the placebo and
psyllium husk groups. At level 1, the proportion of

Predictive microbial functional profiling

Tax4fun qttp://tax4fun.gobics.dg/ is a software
package that can predict the functions of microbial
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Figure 3. Relative abundance of microbial communities at the phylum and genus levels indrotips.(A) The average relative
abundance of gut microbiota at the phylum level is shown by bar plot in gamip. 8) Box plot showing relative abundances of microbial
communities at the genus level in both groups. The cluster heatmap shows the differences in gut microbiota at the geleisvieselthe
groups ) and among all sampleB)(
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metabolic and human diseasdated sequences was
significantly decreased P( < 0.05) in the fecal
microbiome of thepsyllium husk group, while cellular
processes were significantly increag€tjure 7A. At

level 2, the functional categories associated with glycan
biosynthesis and metabolism, enzyme families
metabolism of other amino acids, cellular processes and
signaling, drug resistance, and signaling molecules and
interaction were enriched in the placetpwup, while
transcription and genetic information processing were
increased in thesyllium husk group(Figure 7B. At
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level 3, we found that 15 pathways (peptidases,
oxidative_phosphorylation, transport, other _glycan_

degradation, batlctam_resistance arginine_and_
proline_metabolism, lipopolysaccharide_biosynthesis_
proteins, folate_biosynthesis, monobacyam_

biosynthesis, membrane_and_intracellular_structural_
molecules, glycosaminoglycan_degradation, cationic_
antimicrobial_peptide_(CAMP)_resistance lipopolys
accharide_biosynthesis, antimicrobial _resistance
genes, and ubiquinone_and_other_terpeqaidone_
biosynthesis) were significantly increased in the placebo
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Figure 4. LEfSe analysis of gut microbiotal bacte¢i.LDA score histogram differentially abundant genera (LDA >Rk 0.05). B)
Cladograms display different species between the two groups. Species without significant differences are uniformly cpéi@d. iRed
nodes indicate the microbial groups that played importanéesoin the placebo group; green nodes indicate those that played important roles
in the psyllium husk group. The diameter of each circle is proportional to its relative abundance.
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Figure 5.Correlation network analysis in the placel®) andpsyllium huskg) groups. Different nodes represent different genera, and the
node size represents the average relative abundance of each genus. Thickness of the connection between each nodely isquoeslditesl
with the absolute value of the correlan coefficient of species interaction (red: positive correlation; blue: negative correlation).
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