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Abstract

To investigate the characteristics of the intestinal microbiota of mice treated with Folium senna decoction gavage combined
with restraint and tail pinch stress. Ten healthy male Kunming mice were chosen and randomly divided into control group
and model group, with five mice in each group. Mice in the control group were raised regularly, while mice in the model
group were treated by feeding with Folium senna decoction, restraint in a constraint tube and tail pinch with a clip for 7 days.
Intestinal contents from the jejunum to ileum were collected, and DNA was extracted from each mouse. The characteristics
of the intestinal microbial species were analysed by PacBio Sequel-based 16S rRNA sequencing. Result showed that alpha
diversity indices in the model group were higher than those in the control group, and the Simpson index differed significantly
(P <0.05). Based on the composition and abundances of species, there were differences between the control group and model
group at the species level, but these differences were not significant (P> 0.05). In the control group, Candidatus arthromitus
sp. SFB-mouse and Lactobacillus johnsonii were the dominant species. In the model group, Staphylococcus lentus, Lacto-
bacillus johnsonii, Candidatus arthromitus sp. SFB-mouse and Lactobacillus murinus were included. Furthermore, LEfSe
analysis showed that the relative abundances of Escherichia sp. BBDP27, Helicobacter ganmani, Bacteroides vulgatus and
Lactobacillus intestinalis in the model group were higher than those in the control group (P <0.05 or P <0.01). In conclusion,
Folium senna decoction gavage combined with restraint and tail pinch stress increased the intestinal microbiota diversity.
Strains associated with intestinal diseases, including Bacteroides vulgatus, Helicobacter ganmani, Staphylococcus lentus
and Lactobacillus murinus, were significantly enriched, while strains beneficial to health, such as Candidatus arthromitus
sp. SFB-mouse and Lactobacillus johnsonii, were significantly depleted.
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Introduction

The intestinal microbiota is called the “the second genome of
human body” (Zhu et al. 2010), and the number of microbes
in the human intestine is comparable to the total number of

P< Chengxing Long
longchengxing@ 163.com

P4 Zhoujin Tan
tanzhjin@sohu.com

1" Hunan University of Chinese Medicine, Xueshi Road 300,
Yuelu District, Changsha 410208, Hunan Province, China

College of Mathematics and Finance, Hunan University
of Humanities, Science and Technology, Dixing Road 487,
Louxing District, Loudi 417000, Hunan Province, China

The First Hospital of Hunan University of Chinese Medicine,
Changsha 410007, Hunan Province, China

human cells. In recent years, the association between the
intestinal microbiota and host has been gradually explored
(Cani 2018). The intestinal microbiota is roughly divided
into three categories: probiotics, opportunistic pathogens
and pathogenic bacteria (He and Guo 2019). Probiotics,
such as Bifidobacterium and Lactobacillus, are responsible
for providing nutrition, promoting metabolism, and regulat-
ing immunity (Rezaee et al. 2019). Opportunistic pathogens,
such as Enterobacteriaceae and Enterococcus, are usually
symbiotic in the intestinal tract and are harmless under
normal circumstances, but these bacteria can damage the
intestinal tract and cause disease under conditions such as
probiotic weakening and reduced immunity (Krammer et al.
2018). Pathogenic bacteria are mostly passerines, coloniz-
ing in large numbers and playing a role in the occurrence of
diarrhoea in cases of dysbiosis (Zhang et al. 2019a).
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Diarrhoea is one of the most common digestive system
diseases. It is clinically characterized by increased stool fre-
quency, sloppy stools and even watery stools (Zhang et al.
2019b). The balance of the intestinal microbiota is disrupted
during diarrhoea caused by physical or psychological fac-
tors, such as oral administration or mental stress (Barko et al.
2018; Campos et al. 2016; Moloney et al. 2014). In addition,
some phenomena accompany the occurrence of diarrhoea,
such as loss of dominant probiotics, propagation of oppor-
tunistic pathogens and pathogenic invasion (Wu and Wang
2018). The original functions of the intestinal microbiota,
such as nutrition, immunity and metabolism, are lost, result-
ing in product accumulation, excessive intestinal secretion
and mucosal absorption disorder, causing a large amount
of fluid to permeate into the intestinal lumen, resulting in
increased intestinal peristalsis and aggravation of diarrhoea
(Pickard et al. 2017; Piche 2014).

As a kind of traditional Chinese medicine for purging,
Folium senna is mainly used to treat constipation, for intes-
tinal preparation, and in other cases where cleansing is
needed, as well as a common drug for diarrhoea modelling
(Sun and Zhang 2017). Restraint and tail pinch stress are
methods for establishing animal models with psychosocial
symptoms such as anxiety and depression by restricting
animal activities and pinching the tail (Chu 2017), causing
forms of mental stress such as pain and restlessness (Zhao
et al. 2017). Folium senna decoction gavage combined with
restraint and tail pinch stress can effectively establish an
animal model of diarrhoea accompanied by mental stress
(Liu et al. 2020).

Third-generation sequencing technologies can accurately
identify strains and investigate the diversity of the micro-
biota based on the 16S rRNA (Xu et al. 2019). The present
research aimed to establish a diarrhoea model by Folium
senna decoction gavage combined with restraint and tail
pinch stress and use 16S rRNA high-throughput sequencing,
quantitative insights into microbial ecology (QIIME) (https
://qiime.org/) and R (https://www.r-project.org) software
to elucidate the effects of Folium senna decoction gavage
combined with restraint and tail pinch stress on the intes-
tinal microbiota of mice. These findings could be of value,
providing a scientific basis for related research in the future.

Materials and methods

Materials

Animals

Ten SPF male Kunming mice weighing 20+2 g, with
licence number SCXK (Xiang) 2016-0002, were pur-

chased from Hunan Slaccas Jingda (SJA) Laboratory Animal
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Company (Hunan, China). All procedures involving animals
were performed according to the protocols approved by the
Institutional Animal Care and Use Committee of Hunan
University of Chinese Medicine.

Feed

Qualified clean feed was purchased from Hunan SJA Labo-
ratory Animal Company (Hunan, China).

Place

The experiment was carried out in a shielded environment
at the Animal Experiment Center of the First Hospital of
Hunan University of Chinese Medicine, ensuring ventilation,
light avoidance, cleanliness and quietness, at a temperature
of 23-25 °C and relative humidity of 47-53%, with licence
number SYXK (Xiang) 2015-0003.

Medicine

Five hundred grams of Folium senna (Yunnan) was pur-
chased from The First Hospital of Hunan University of Chi-
nese Medicine and soaked for 10 min in boiling water after
being cleaned and drained. The water was filtered with gauze
after 10 min and concentrated by evaporation in a water bath
at 75 °C to obtain a Folium senna decoction with a concen-
tration of 1 g/mL. The decoction was cooled to 4 °C for the
following experiment (Zou et al. 2009).

Methods
Animal grouping

After 2 days of adaptive feeding, all tested mice were ran-
domly divided into 2 groups: 5 mice in the control group
(gen) and 5 mice in the model group (gmn).

Modelling

The mice in both groups were fasted for 12 h before gavage.
At 9 am, the mice in the control group were administered
0.35 mL of distilled water, and the mice in the model group
were treated with 0.35 mL of Folium senna decoction. At
3 p.m., the mice in the model group were restrained in a con-
straint tube, and the distal 1/3 of the tail was pinched with
a clip, for 1 h each time and continuously for 7 days (Xiao
et al. 2016). After being treated, the model mice became
diarrhoeal.
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Collection of intestinal contents

Once the model mice became diarrhoeal, they were sacri-
ficed using cervical vertebra dislocation on a sterile opera-
tion platform. Intestinal contents from the jejunum to rectum
were collected and immediately frozen at — 80 °C for DNA
extraction.

DNA extraction

Total microbial genomic DNA samples were extracted using
the D5625-01 OMEGA DNA Isolation Kit (Omega Bio-tek
Inc., Norcross, GA, USA) according to the manufacturer’s
instructions. The quantity and quality of the extracted DNA
were measured using a NanoDrop ND-1000 spectrophotom-
eter (Thermo Fisher Scientific, Waltham, MA, USA) and
0.8% agarose gel electrophoresis, respectively. Then, the
samples were stored at —20 °C for subsequent use.

PCR amplification

To amplify the DNA, the universal primers for bacterial 16S
rRNA were used: forward primer 27F (5'-AGAGTTTGATC-
MTGGCTCAG-3') and reverse primer 1492R (5'-ACCTTG
TTACGACTT-3’). The amplification system was prepared
as follows: 5 pL of Q5 reaction buffer (5x), 5 pL of Q5
High-Fidelity GC Buffer (5%), 0.25 pL of Q5 High-Fidelity
DNA Polymerase (5 U/pL), 2 pL (2.5 mM) of dNTPs, 1 pL.
(10 pmol/L) each of the forward and reverse primers, 2 pL.
of DNA template, and 8.75 pL of ddH,0. The amplification
conditions were as follows: the thermal cycle consisted of
initial denaturation at 98 °C for 2 min, followed by 25/10
cycles (for the first and second amplification steps, respec-
tively) consisting of denaturation at 98 °C for 30 s, annealing
at 55 °C for 30 s, and extension at 72 °C for 90 s, with a final
extension at 72 °C for 5 min.

PacBio sequencing

A total of PCR amplicons were purified with Agencourt
AMPure Beads (Beckman Coulter, Indianapolis, IN) and
quantified using the PicoGreen dsDNA Assay Kit (Invitro-
gen, Carlsbad, CA, USA). After the individual quantification
step, amplicons were pooled in equal amounts, and single-
molecule real-time (SMRT) sequencing was performed
using the PacBio Sequel platform at Shanghai Personal
Biotechnology Co., Ltd.

Bioinformatic and statistical analysis
Operational taxonomic unit (OTU) (Blaxter et al. 2005) gen-

eration refers to the merging of sequences according to a cer-
tain similarity threshold. Sequences with similarity higher

than the threshold are merged into one OTU. A rarefaction
curve can be used to judge whether the sequencing depth of
each sample is sufficient to reflect the microbial diversity
in the community sample. The flatter the curve is, the more
sufficient the sequencing result. Alpha diversity analysis,
which included determination of the Chaol, ACE, Shannon
and Simpson indices, was used to evaluate abundance and
diversity. Principal components analysis (PCA) shows the
natural distribution of samples in a way that reduces the
dimensions and simplifies the data structure (Ramette 2007).
LEfSe analysis is used to screen the key biomarkers based
on the linear discriminant analysis (LDA) effect size (Segata
et al. 2011). SPSS 21.0 software (IBM Corp., Armonk,
NY, USA) was used to perform statistical analysis, and the
measurement data were expressed as the means + standard
deviations. An independent #-test was used to compare the
samples with normal distribution and homogeneity of vari-
ance, and P <0.05 was regarded as a significant difference.

Results and analysis
OTU number of microbiota in the intestinal contents

All the raw data were submitted to NCBI (Accession num-
ber: SRP247284, https://www.ncbi.nlm.nih.gov/Traces/
sra_sub/). QIIME software was used to merge and divide
the effective sequences according to 97% similarity, and
R software was used to draw the Venn diagram. Figure 1
shows that the number of intestinal microbial species in
the model group was higher than that in the control group.

gmn

347

Fig.1 Effects of Folium senna decoction gavage combined with
restraint and tail pinch stress on intestinal microbiota OUT number.
Venn diagram of OTUs based on sequences with over 97% similar-
ity under a similar level of clustering. The larger the number is, the
more the number of intestinal microbes. The diagram shows that
Folium senna decoction gavage combined with restraint and tail pinch
stress increased the number of intestinal microbial OTUs. gmn model
group, gcn control group
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There were 645 and 609 OTUs expressed in mice in the
model and control groups, respectively. Among these
OTUs, 298 were identical. These findings indicated that
modelling by Folium senna decoction gavage combined
with restraint and tail pinch stress had a certain effect on
the number of OTUs in the intestinal contents, increasing
the total number of intestinal microbes.

Diversity of the microbiota in the intestinal contents
Alpha diversity analysis

Alpha diversity was estimated by four indices and rarefac-
tion curves, which could reflect the richness and uniform-
ity of specific regions or ecosystems. Effective sequences
were randomly sampled by QIIME software, and rarefac-
tion curves were drawn by using the sequence number
extracted at each depth and the corresponding OTU num-
ber. As shown in Fig. 2, most observed species and Shan-
non curves of the samples had a gentle trend, indicating
that the diversity was close to saturation.

As indicated in Fig. 3, all indices in the model group
were higher than those in the control group. There was no
significant difference between the two groups in terms of
the Chaol index and ACE index, which reflect the rich-
ness of the community (P > 0.05). As indices that reflect
the evenness of the community, the Shannon index had no
significant difference (P > 0.05) but the Simpson index did
(P <0.05), indicating that modelling changed the diversity
of the microbiota in intestinal contents and that the even-
ness was improved.
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Fig.2 Rarefaction curve diagrams of OTUs. The abscissa represents
the sequences randomly selected per sample, and the ordinate rep-
resents the number of OTUs found at the corresponding depth. The
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Beta diversity analysis

The distances in the coordinate system of PCA could indi-
cate the actual differences among individuals to the greatest
extent; the shorter the distance between two points is, the
more similar the community structure and, therefore, the
smaller the difference between samples. As shown in Fig. 4,
the points in the control group were distributed in the first,
second and fourth quadrants, and three of them were con-
centrated. The points in the model group were dispersed and
distributed in the first, second and third quadrants. The dis-
creteness of the sample distribution may be due to individual
differences or responses to modelling in mice. In general,
the distribution of the samples in both groups was relatively
dispersed. These findings suggest that modelling had little
impact on the community structure of the intestinal micro-
biota in mice.

Abundance of the microbiota in the intestinal
contents

Relative abundance of the microbiota at the species level

At the species level, there were significant dominant strains
in the control group, namely, Candidatus arthromitus sp.
SFB-mouse (32.0%) and Lactobacillus johnsonii (22.3%),
accounting for 54.3% of the total strains. In the model group,
the intestinal microbiota mainly contained Staphylococcus
lentus (16.5%), Lactobacillus johnsonii (15.8%), Candida-
tus arthromitus sp. SFB-mouse (13.1%) and Lactobacillus
murinus (12.5%). Although there were differences between
the two groups at the same microbiota level, they showed no
statistically significant difference (P >0.05) (Table 1, Fig. 5).
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Absolute abundance of the microbiota at the species level

To confirm our finding, further analysis was performed by
Mothur software, and the differences between sequences of
samples at different levels were tested by pairwise compari-
son t-test using the Metastats statistical algorithm (White
et al. 2009). As indicated in Fig. 6, the absolute abundances
of Bacteroides vulgatus, Lactobacillus intestinalis, Salmo-
nella enterica and Staphylococcus cohnii in the model group
were significantly higher than those in the control group at
the species level.

Characteristic microbes at the species level

To further screen for key biomarkers, LEfSe analysis was
performed. As seen in Fig. 7, at the species level, the rela-
tive abundances of Escherichia sp. BBDP27, Lactobacillus
intestinalis, Helicobacter ganmani, and Bacteroides vulgatus
in the model group were significantly higher than those in
the control group, and these species could be used as charac-
teristic microbes in the model group. The same results were
obtained and are shown in Fig. 8.
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Table 1 Relative abundances
of intestinal microbes at the
species level

Fig.5 Distribution of taxa at

the species level. The abscissa

is arranged according to the

sample ID. The ordinate shows

the relative abundance. The

same colour represents the same

classification unit, and longer
bars indicate higher relative
abundances of units
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Species

gen

gmn

Candidatus arthromitus sp. SFB-mouse
Lactobacillus johnsonii

Staphylococcus lentus

0.31982+0.26478
0.22302+0.18756
0.08814+0.19399

0.13103 £0.12208
0.15772+£0.12598
0.16505 +0.15547

Lactobacillus murinus 0.01921+0.04103 0.12526 +£0.16546
Pelomonas saccharophila 0.03421+0.03708 0.02703 +£0.03046
Staphylococcus sciuri 0.02765 +0.06086 0.02778 £0.02816
Sphingobium limneticum 0.03854 +0.07174 0.00629 +0.00943
Vibrionimonas magnilacihabitans 0.01477+0.01779 0.02818 +£0.03751
Ralstonia insidiosa 0.02451+0.02617 0.01779+0.01523
Staphylococcus cohnii 0.00559 +0.01230 0.02864 +0.02458
Escherichia sp. BBDP27 0.00160+0.00101 0.02939 +0.04824
Shigella flexneri 0.00165 +0.00085 0.02801 +0.04722
Ochrobactrum anthropi 0.01020+0.01147 0.01432+0.01585
Leclercia adecarboxylata 0.01613 +0.03030 0.00341 +0.00465
Staphylococcus saprophyticus 0.00849 +0.01870 0.00970+0.01007
Barnesiella intestinihominis 0.01659 +0.03075 0.00087 +0.00136
Enterobacter ludwigii 0.01402 +0.02688 0.00283 +0.00351
Others 0.00524 +0.00151 0.01057 +0.00584
Coprobacter fastidiosus 0.01437+0.03173 0.00000 =+ 0.00000
Parasutterella excrementihominis 0.00148 +0.00318 0.01282+0.02816
Aerococcus viridans 0.00376 +£0.00828 0.01040+0.02092
Each value is the mean + standard deviation, N=5

gen control group, gmn model group
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Fig.6 Abundance distribution between groups at the species level.
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abundance in each group. Based on the Metastats significant differ-

Fig. 7 Diagram of taxonomic
units with significant differ-
ences between groups. The
ordinate represents the taxa
with significant differences,
and the abscissa represents the
LDA scores visualized as bars.
The bars are ordered by score
to describe the differences in
each sample. The longer the
bar is, the more significant the
difference
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Discussion

Folium senna decoction gavage combined
with restraint and tail pinch stress increased
the intestinal microbiota diversity

The principle of Folium senna-induced diarrhoea is closely
related to the intestinal microbiota. Folium senna model-
ling could significantly reduce the total number of intestinal
microbes in mice, and the activities of cellulase, xylanase
and lactase secreted by the microbiota in the intestine are
significantly reduced (Hu et al. 2018; Xu et al. 2016). Cel-
lulase, xylanase and lactase are important digestive enzymes
in the intestine, and low activities of these enzymes can lead
to weakened digestion, which is a critical cause of diarrhoea
(He et al. 2018). In addition, mental stress caused by restraint
and tail pinch are closely related to the intestinal microbiota.
Restraint and tail pinch stress could induce depression-like
and anxiety-like behaviour and simulate mental stress, which
can change intestinal motility and mucosal permeability by
influencing the immune, nervous and endocrine systems,
resulting in changes in the locations or numbers of intes-
tinal microbes (Wang and Wang 2017; Lotrich et al. 2011;
Guo et al. 2017). It has been confirmed that emotional dis-
orders are closely related to dysbiosis (Friedland 2015),
and stressors can definitely induce abnormal behaviours
and change the intestinal microbiota (Vuong et al. 2017).
Folium senna decoction gavage combined with restraint and
tail pinch stress leads to changes in the intestinal microbiota,
and the release of a variety of active substances from the
dysfunctional microbiota is different from the normal state,
stimulating intestinal neurons and other factors related to
gastrointestinal motility, inhibiting the expression of the
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intestinal mucosal barrier and the absorption ability of the
intestine, inducing intestinal inflammatory responses, and
further aggravating the diarrhoea (Kabouridis et al. 2015;
Rooks and Garrett 2016; Long et al. 2018). In this study, the
results show that the number of OTUs in the model group
(645) was higher than that in the control group (609), and the
Simpson index in the model group was significantly higher
than that in the control group (P <0.05), indicating that the
evenness of the intestinal microbiota in the model group was
higher than that in the control group and that the numbers of
each species were similar. This indicated that Folium senna
decoction gavage combined with restraint and tail pinch
stress had a certain promotion effect on the diversity of the
intestinal microbiota in mice.

Folium senna decoction gavage combined
with restraint and tail pinch stress had little effect
on the intestinal microbiota community structure

PCA of the beta diversity analysis was used to analyse the
community structure of the intestinal microbiota and to
identify the factors influencing the microbial composition
in different groups. The results showed that the distribu-
tions of the samples in the two groups were all relatively
discrete, and there was no significant difference between the
two groups. This may be due to individual differences or the
sensitivity of each experimental animal to the modelling, so
the differences in samples offset each other. In the analysis
of dominant species, differences in the composition of the
intestinal microbiota were found at different taxonomic lev-
els, but there was no significant difference between the con-
trol and model groups. These results were also confirmed in
the LEfSe analysis and the diagram of intergroup differences
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in taxonomic units based on the classification tree. Only a
few strains in the samples of the two groups showed sig-
nificant differences. The effect of Folium senna decoction
gavage combined with restraint and tail pinch stress on the
intestinal microbiota community structure needs to be fur-
ther studied and verified.

Folium senna decoction gavage combined
with restraint and tail pinch stress was associated
with a characteristic microbiota at the species level

Under the dual conditions of diarrhoea and emotional
disturbance, intestinal microbiota disorder is inevitable.
Patients diagnosed with diarrhoea-predominant irritable
bowel syndrome (IBS-D) with symptoms of diarrhoea and
emotional disturbances had an intestinal microbiota char-
acterized by a reduction in probiotics, such as Bifidobac-
terium and Lactobacillus, and an increase in opportunistic
pathogens, such as Enterococcus and Enterobacteriaceae
(Li 2018). In this study, we established a diarrhoea model
by Folium senna decoction gavage combined with restraint
and tail pinch stress and used 16S rRNA high-throughput
sequencing technology to analyse the changes in the intes-
tinal microbiota, and significant differences in the propor-
tions of four intestinal microbes were found at the species
level. Among them, the abundances of Staphylococcus
lentus and Lactobacillus murinus substantially increased
from 8.9% to 16.5% and 1.9% to 12.5%, respectively, while
those of Candidatus arthromitus sp. SFB-mouse and Lac-
tobacillus johnsonii sharply decreased from 32.0% to 13.1%
and 22.3% to 15.8%, respectively, after modelling. As a
Staphylococcus sciuri spp., Staphylococcus lentus is con-
sidered an opportunistic pathogen associated with a disease
called coagulase-negative Staphylococcus infection (Rivera
et al. 2014), and enrichment of this pathogen could lead to
inflammatory diarrhoea. Lactobacillus murinus is a probi-
otic that can induce the differentiation of Treg cells against
dextran sulphate sodium (DSS) colitis (Tang et al. 2015).
However, excessive growth and predominance of this spe-
cies can lead to loss of intestinal vitamins and decreased
utilization rate, weakening of metabolism, high susceptibil-
ity to infection by extrinsic factors, and diarrhoea (Hayashi
et al. 2017). As an important intestinal commensal microbe
in the immune system, Candidatus arthromitus sp. SFB-
mouse can trigger an IgA response and activate CD4* and
CD8* T cells (Bolotin et al. 2014). Lactobacillus johnso-
nii can produce several antimicrobial molecules, including
bacteriocins (Bereswill et al. 2017), and reduced abundance
of this species is bound to weaken immune function, lead-
ing to the development of inflammatory responses such as
diarrhoea.

According to LEfSe analysis, there were significant dif-
ferences in relative abundance at the species level, such as in
the abundances of Escherichia sp. BBDP27, Lactobacillus
intestinalis, Helicobacter ganmani, and Bacteroides vulga-
tus. As mentioned above, patients with depression exhibit
elevated levels of Bacteroides. As a member of this genus,
Bacteroides vulgates is a widely distributed opportunistic
pathogen in the intestinal tract that may cause intestinal
inflammation by activating NF-xB. In addition, this spe-
cies is associated with Crohn’s disease (CD) and ulcerative
colitis (UC), suggesting that its significant growth in the
model group may have led to aggravation of diarrhoea (Roth
et al. 2016; Cuiv et al. 2017; Ramanan et al. 2016). Enzymes
expressed by Lactobacillus intestinalis can convert daidzein
to equol and have positive effects on human health, which
may be due to the self-regulation of the intestinal microecol-
ogy (Heng et al. 2019). Helicobacter ganmani is associated
with chronic enteritis and hepatobiliary disease and can
induce diarrhoea (Nilsson et al. 2008). Unfortunately, the
effects of Escherichia sp. BBDP27 are rarely reported. It is
not known whether Escherichia sp. BBDP27 is a probiotic,
opportunistic pathogen or pathogenic bacterium, and the
specific relationships between Escherichia sp. BBDP27 and
diarrhoea and mental stress remain to be further explored.
In addition, the relationships among Bacteroides vulgatus,
Lactobacillus intestinalis, Escherichia sp. BBDP27 and
Helicobacter ganmani and their suitability as biomarkers
need to be further verified.

In summary, diarrhoea and mental stress caused by
Folium senna decoction gavage combined with restraint and
tail pinch stress increased the diversity of the microbiota
in the intestinal contents, and distinct characteristic species
were detected. Changes in the intestinal microbiota caused
by diarrhoea accompanied by mental stress could further
aggravate diarrhoea.
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