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Background: Bowel preparation is necessary for successful colonoscopy, while it can
seriously affect intestinal microbial composition and damage the intestinal mucosal
barriers in humans.

Methods: To figure out whether probiotics can sustain intestinal homeostasis and guard
people’s health, the probiotic drug of Bifidobacterium Tetragenous viable Bacteria Tablets
(P group, n = 16) or placebo (C group, n = 16) was used for volunteers receiving
bowel preparation, and high-throughput sequencing method was applied to monitor their
intestinal microbial changes.

Results: The present results suggested that bowel preparation obviously reduced
the intestinal microbial diversity, while taking probiotics significantly restored it to
normal level. In addition, probiotics sharply reduced the abundance of pathogenic
Proteobacteria, and obviously lowered the ratio of Firmicutes/Bacteroidetes compared
with control group at phylum level (P < 0.05). And probiotics markedly decreased the
abundance of pathogenic Acinetobacter and Streptococcus, while greatly enriched the
relative abundance of beneficial bacteria Bacteroides, Roseburia, Faecalibacterium, and
Parabacteroides at genus level (P < 0.05).

Conclusion: Probiotic drugs, e.g., Bifidobacterium Tetragenous viable Bacteria Tablets,
can be used to restore intestinal dysbacteriosis caused by bowel preparation, and reduce
side effects during colonoscopy.

Keywords: bowel preparation, probiotics, high-throughput sequencing, Proteobacteria, Firmicutes/Bacteroidetes

INTRODUCTION

Colonoscopy is the preferred method to evaluate the intestinal health of most patients and it is
the gold standard for colorectal cancer diagnosis, which can clearly discover intestinal lesions (1).
Before colonoscopy, bowel preparation is commonly used to ensure that no residue remains in the
intestinal wall to affect the examination process and results via utilizing adjusted diet and related
drugs, and the adequacy of bowel preparation can directly affect the final effect of colonoscopy (2).
At present, polyethylene glycol (PEG) is widely used for intestinal cleaning before colonoscopy due
to its effectiveness and extensive acceptability (3).
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As we know, the intestinal microbiota is important to sustain
human health. Under physiological conditions, symbiotic
physiological ~anaerobic bacteria, symbiotic conditional
pathogenic bacteria and other harmful bacteria co-exist in the
intestinal tract in a stable proportion. However, when intestinal
microbiota alters or the proportion of intestinal microbiota
is out of balance, corresponding pathophysiological changes
will occur (4). During the bowel preparation procedure, large
quantity of liquid enters the intestinal tract and considerably
disrupts the environment of the normal intestinal cavity, and
taking laxatives can enhance intestinal dyskinesia and intestinal
peristalsis, which makes bacteria cannot adhere to intestinal
mucosa (5). Moreover, the large amount of oxygen brought by
bowel preparation in intestinal environment heavily reduces
the number of anaerobic bacteria, and promotes the growth of
aerobic bacteria, resulting in intestinal microbial disorder (6).

Probiotics are “living microorganisms that can have beneficial
effects on the host when ingesting sufficient doses” (7),
previous studies indicate that probiotics play an active role
in a variety of human diseases, including irritable bowel
syndrome, inflammatory bowel disease, and colon cancer (8,
9). Our previous studies indicated that probiotic preparations
have important effects in reducing inflammatory response
after gastrostomy and improving gastrointestinal symptoms
in post-operative patients (10), and probiotic preparations
also significantly alleviated oral mucosa inflammation caused
by radiotherapy in patients with nasopharyngeal carcinoma
(11). Although attention has been paid on the side effects
of bowel preparation, e.g., imbalance of intestinal microbiota
and damages to intestinal mucosa in academic circles, little
work is done to reduce side effects of bowel preparation using
probiotic supplement.

In the present study, the clinical probiotic drug of
Bifidobacterium Tetragenous viable Bacteria Tablets was used
to evaluate its effect on volunteers receiving bowel preparation,
and high-throughput sequencing was applied to assess whether
probiotics had positive effects on intestinal microbiota disorder
caused by bowel preparation.

MATERIALS AND METHODS
Ethics Statement

The present study was approved by the Institutional Review
Boards of the Second Afhiliated Hospital of Nanchang University
(Nanchang, China). Patients provided written informed
consent for sample collection. The project has also been
registered and approved by the China Clinical Trial Registration
Centre (ChiCTR1900022539).

Study Design and Patient Enrolment

The trial was conducted at the Second Affiliated Hospital of
Nanchang University in China between December 2018 and
November 2019. Thirty-two subjects (29 males, 3 females), with
an average age of 51 y (range 30-70 y), height of 1.66 m, weight
of 61.78kg, body mass index (BMI) of 22.39, were enrolled.
Five participants had a history of hypertension, four had a
history of diabetes, and three had a history of hypertension
and diabetes. According to regulations, medication was not

discontinued during the study process. Moreover, no participant
took antibiotics during the subject, nor had developed infection
recently, and no other probiotics and yogurts were taken. None
of these volunteers was vegetarian (Table 1).

Trial Protocol

The 32 volunteers were divided into two groups: placebo
group (C group, n = 16) and probiotic group (P group,
n = 16). Probiotic (Bifidobacterium Tetragenous viable
Bacteria Tablets (SiLianKang), Hangzhou Grand Biologic
Pharmaceutical Inc., Hangzhou, China. SFDA approval number:
§20060010, containing >0.5 x 106 CFU/table Bifidobacterium
infantis, >0.5 x 106 CFU/table Lactobacillus acidophilus,
>0.5 x 106 CFU/table Enterococcus faecalis, and >0.5 x 105
CFU/table Bacillus cereus). Participants were suggested to eat
porridge, noodles and other low-fiber diets the day before
bowel preparation, and ate normally diets after colonoscopy.
Antibiotics were forbidden during treatment process, as well
as drinking and acrimony. All of them started taking placebo
or probiotic preparations after colonoscopy for up to 5-7 days
(three tablets and three times a day).

Participants took 2L polyethylene glycol (PEG, SFDA
approval number: H20020031, containing package A: 0.74g
potassium chloride and 1.68g sodium bicarbonate, package
B: 1.46 g sodium chloride and 5.68 g sodium sulfate, package
C: 60g polyethylene glycol 4,000) 4-5h before colonoscopy
and PEG should be completely taken within 1h. After
intravenous anesthesia with 1ml lidocaine hydrochloride
injection (SFDA approval number: H37021309), 1 ml nalbuphine
hydrochloride injection (SFDA approval number: H20130127)
and 20 ml propofol emulsion injection (SFDA approval number:
H20051843), participants underwent colonoscopy. If participants
were intolerant during colonoscopy, anesthetics were added as
appropriate. Feces in 3 time pints (3 days before, the same day
as the bowel preparation just before the colonoscopy, and 7 days
after the process) were collected. The collected samples were
stored in 50% glycerol (Cat#56-81-5; Sengon Biotech, China)
and immediately stored at —80°C for further use.

Total Bacterial Genomic DNA Extraction
and High-Throughput Sequencing

A total of 96 fecal samples were collected, and the method
of bead blasting combined with genomic DNA kit (Tiangen
Biotech Co., Ltd., Beijing, China) was used to extract fecal
microbial DNA (12). The concentration and purity of purified
DNAs were determined via a spectrophotometer at 230 nm
(A 230) and 260nm (A 260) (NanoDrop; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The V4 region of 16S
rDNA gene in each sample was amplified with 515F/806R
primer(515F, 5-GCACCTAAYTGGGYDTAAAGNG-3'; 806R,
5'- TACNVGGGTATCTAATCC-3'), and PCR products were
sequenced on IlluminaHiSeq 2000 platform (GenBank accession
number PRJNA597277) (13).

Data Analysis

To analyze the high-throughput sequencing data, Cutadapt
(version 1.9.1,  http://cutadapt.readthedocs.io/en/stable/),
UCHIME algorithm http://www.drive5.com/usearch/manual/
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TABLE 1 | Baseline patient demographics and characteristics.

Variable C Group (N = 16) P Group (N = 16) P-value
Percentage of total enrollment, No. (%) 16 (50.00) 16 (50.00) /
Male: female, n:n (%:%) 14:2 (87.50:12.50) 15:1 (93.75:6.25) 0.56
Age, year 53.50 (46.69-60.31) 48.19 (41.88-54.50) 0.23
Height, m 1.65 (1.62-1.68) 1.67 (1.64-1.71) 0.21
Weight, kg 61.50 (56.57-66.43) 62.06 (57.37-66.75) 0.86
Body mass index (BMI), kg/m? 22.72 (20.99-24.45) 22.06 (21.01-23.12) 0.50
Past medical history

Hypertension, % 3(18.75) 2 (12.50) 0.64
Diabetes, % 2 (12.50) 2 (12.50) 0.15
Gastrointestinal diseases history, % 3(18.75) 2 (12.50) 0.64
Smoking history, % 2 (12.50) 3(18.75) 0.64
Drinking history, % 3(18.75) 2 (12.50) 1.00
Gastrointestinal reaction before bowel preparation, % 1(6.25) 1(18.20) 0.56
Gastrointestinal reaction after preparation, % 7 (43.75) 3(18.75) 0.14

C group, volunteers after treatment with placebo; P group, volunteers after treatment with probiotics.

uchime_algo.html, UPARSE software package (version 7.0.100),
QIIME software (version 1.9.1), QIIME software package
(version 1.8.0) and SIMCA-P software (version 11.5; Umetrics;
Sartorius Stedim Biotech, Malmo, Sweden) were used to
determine the a diversity (within samples, indexes of observed
OTUs, Chaol, Shannon, Simpson, ACE, and goods coverage)
and B diversity (among samples, PCA, PCoA and NMDS)
(14, 15).

Data are presented as means £ standard deviation (SD).
Statistical analyses were performed using Prism software (version
7.0; GraphPad Software, San Diego, CA, USA) and SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). Statistical significance
was determined using one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test and F-tests. Error
probabilities of P < 0.05 were considered statistically significant.

RESULTS

Patients Baseline Characteristics

Between December 2018 and November 2019, 32 volunteers
were enrolled into the placebo group (C group, 16 volunteers)
and the probiotics group (P group, 16 volunteers), and their
sex, age, BMI, baseline characteristics, past medical history and
gastrointestinal reaction before and after bowel preparation were
summarized in Table 1. There was no significant difference
between C group and P group.

Effect of Bowel Preparation on Intestinal

Microbes
To explore whether bowel preparation can effect intestinal
microorganisms, the V4 hypervariable region of bacteria was
amplified using the 16S rDNA amplicon sequencing method
from feces of 16 volunteers before (CB group), during (CM
group) and after bowel preparation (CA group).

In Figures 1A-C, the Shannon index, Simpson index and
Observed species indicated that the occurrence of bowel

preparation slightly affected the a-diversity of the intestinal
microbial community between the CB and CM groups, CB
and CA groups, while significantly affected the microbial
diversity between CM and CA groups (P < 0.05). And
the principal coordinates analysis (PCoA) exhibited that the
microbial diversity in CM group and CA group were different
compared with that in CB group (Figure 1D). Additionally, the
Venn index (Figure 1E) results indicated that there were 2,068,
3,426, and 1,695 OTUs in the CB, CM and CA groups, and their
percentage of common OTUs were 27.71% (573/2,068), 16.73%
(573/3,426) and 33.81% (573/1,695), respectively.

Furthermore, we further analyzed the dominant bacteria at
the phylum level (Figures 2A-E), and found that Proteobacteria,
Bacteroidetes, Firmicutes, and Actinobacteria were the
predominant phyla in these 3 groups. The results revealed
that bowel preparation increased the relative abundance of
Proteobacteria (0.266 vs. 0.410) while decreased the relative
abundance of Actinobacteria (0.044 vs. 0.029), and had slightly
effect on the relative abundance of Firmicutes (0.462 vs. 0.408)
and Bacteroidetes (0.194 vs. 0.136) compared with the CB group.
Seven days after bowel preparation, the relative abundance of
Proteobacteria decreased from 0.410 to 0.335. Strangely, the
relative abundance of Actinobacteria increased from 0.029 to
0.119, while the relative abundance of Firmicutes (0.409 vs. 0.389)
and Bacteroidetes (0.136 vs. 0.126) still showed a decreasing trend
compared with the CM group. At the genus level (Figures 2F-]J),
during the bowel preparation, it was observed that the relative
abundance of Bacteroides and Acinetobacter were dominant
bacteria, the relative abundance of Acinetobacter (0.042 vs.
0.176) was significantly increased, and the relative abundance
of Streptococcus (0.020 vs. 0.008), Bifidobacterium (0.036 vs.
0.022) and Faecalibacterium (0.075 vs. 0.065) was slightly
altered compared with the CB group. Seven days after bowel
preparation, however, there was a significant increase of the
percentage of Streptococcus (0.007 vs. 0.068) and Bifidobacterium
(0.022 vs. 0.109), and a decrease of the relative abundance of
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FIGURE 1 | Effect of bowel preparation on intestinal microbiota. (A), Shannon index; (B), Simpson index; (C), Observed species; (D), PCoA of B diversity index; (E),
scalar-Venn representation. CB, control group 3 days before bowel preparation (n = 16); CM, control group during bowel preparation (n = 16); CA, control group 5-7
days after bowel preparation (n = 16). Data are presented as means =+ SD. ns, P > 0.05; *P < 0.05.

Faecalibacterium (0.065 vs. 0.031) and Acinetobacter (0.176 vs.
0.136) compared with the CM group.

Effect of Probiotic Preparation on

Intestinal Microbial Balance

To evaluate the effects of probiotics on intestinal microbiota
of volunteers receiving bowel preparation, feces were collected
before (PB group), during (PM group) and after bowel
preparation (PA group) for 7 days (have taken probiotic
preparation for 5-7 days).

We observed that the bowel preparation had markedly
affected the oa-diversity on the Shannon index (Figure 3A)
and Simpson index (Figure3B, P < 0.05) of the microbial
community between the PB and PM groups. Interestingly,
the

Observed species received an obvious increase
after bowel preparation but an obvious reduction 7
days after the treatment (Figure3C). Moreover, PCoA

results indicated that taking probiotics greatly restored
the disturbed microbiota to normal level in PM group
and PA group (Figure3D), and the common OTUs
occupied 28.68% (508/1,771), 23.67% (508/2,146) and
36.92% (508/1,376) of the total OTUs in PB, PM and PA
groups, respectively.

Then, we further evaluated the effects of probiotic
intervention on microbial composition, and found
supplementation ~ of  probiotics  significantly = reduced
Proteobacteria (0.515 vs. 0.173) and sharply increased the
relative abundance of Bacteroides (0.166 vs. 0.338) in PM
group compared with PA group at phylum level (P < 0.05).
At the genus level, the supplemented probiotics had obviously
reduced the percentage of Acinetobacter (0.204 vs. 0.071) in PM
group compared with PA group, and significantly enhanced
the percentage of Bifidobacterium (0.017 vs. 0.110), Bacteroides
(0.095 vs. 0.155) and Faecalibacterium (0.028 vs. 0.060) in PM
group compared with PA group (Figures 4F-J).

The Microbial Changes Between Groups
CA Group and PA Group

To better understand the effect of probiotics on bowel
preparation, we compared the microbial diversity between
volunteers in groups CA and PA. As shown in Figures 5A-C,
supplementation of probiotics had markedly enhanced the
Shannon index and Simpson index (P < 0.05), while decreased
the observed species. The PCoA results indicated that samples
in CA group and PA group scattered far away from each other
(Figure 5D). There were 1,695 and 1,376 OTUs in the CA
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group and PA group, and the common OTU number was 570
(Figure 5E). In addition, the Lefse analysis demonstrated that
Bacteroidia (at class), Bacteroidetes (at phylum), Bacteroidaceae
(at family), Bacteroides (at genus), Fusobacteriaceae (at family),
Porphyromonadaceae (at family), and Parabacteroides (at genus)
were significantly higher in the PA group than in the CA group
(Figure 5F).

Then, specific bacteria in CA group and PA group were
compared. Supplementation of probiotics markedly enriched the
percentage of Bacteroidetes (0.126 vs. 0.338), while reduced the
percentage of Proteobacteria (0.335 vs. 0.173) and Firmicutes
(0.389 vs. 0.330) compared with the PA group at the phylum level
(P < 0.05). At genus level (Figures 6E-K), the supplementation
of probiotics decreased the relative abundance of Acinetobacter
(0.136 vs. 0.071) and Streptococcus (0.068 vs. 0.023), while
increased the relative abundance of Bacteroides (0.068 vs. 0.155),
Roseburia (0.02 vs. 0.04), Faecalibacterium (0.031 vs. 0.060) and
Parabacteroides (0.16 vs. 1.92%).

DISCUSSION

Bowel cleaning is necessary during colonoscopy, and its long-
time use of safety makes people ignore its negative impact
on intestinal microorganisms (16). As we know, colonic
microorganisms are the basis for promoting normal mammalian
physiological functions, including angiogenesis, metabolism,
digestion and immune system development (17). What’s more,
various diseases, including obesity, type 2 diabetes, colorectal
cancer and inflammatory bowel disease will occur when intestinal
microbiota is out of balance (8, 9, 18).

The main components of normal intestinal microecosystem
are obligate anaerobes (Bacteroidetes and Firmicutes), and
facultative anaerobes (such as Proteobacteria) usually only
account for a small proportion, and the imbalance of intestinal
microbiota is often caused by increasing number of facultative
anaerobes (19). The bowel preparation can bring a large amount
of oxygen into the intestinal cavity, damage the anaerobic
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scalar-Venn representation. PB, probiotic group 3 days before bowel preparation (n = 16); PM, control group during bowel preparation (n = 16); PA, probiotic group
5-7 days after bowel preparation (Supplement the Bifidobacterium Tetragenous viable Bacteria Tablets after colonoscopy for up to 5-7 days, three tablets and three
times a day) (n = 16). Data are presented as means + SD. ns, P > 0.05; *P < 0.05.

environment of the intestinal cavity and provide a good
growth environment for facultative anaerobic or aerobic bacteria.
Previous studies and the present work, likewise, demonstrated
that bowel preparation had greatly increased the abundance of
Proteobacteria [Figures 2, 3; (19)].

In this study, we found that the bowel preparation significantly
decreased phyla Bacteroidetes and Firmicutes (Figure 2), and
taking probiotics had little effect on the phylum Firmicutes, while
greatly increased the abundance of Bacteroidetes (Figure 4).
Previous studies had shown that the increase of the abundance
of Firmicutes and the decrease of the abundance of Bacteroidetes
were closely related to unhealthy conditions. Therefore, the
increase of Firmicutes/Bacteroidetes may pose a potential risk to
patient’s health (20-22). In the present study, we found that the
ratio of Firmicutes/ Bacteroidetes in CA group (3.08) was higher
than that in PA group (0.98), suggesting that taking probiotics
could reduce the potential disease risks by bowel preparation.
In addition, human body usually does not have the ability to

degrade most of complex polysaccharides (the main component
and main nutrition source of our daily diet) until reaching the
colon, and Bacteroidetes play a vital role in degrading complex
polysaccharides of cellulose, pectin and xylan, which can help
people absorb more energy from the diet (23). Moreover, butyrate
produced by Bacteroidetes plays an important role in maintaining
the intestinal health of the host, exerting immunity and anti-
tumor effect (24).

At genus level, supplementation of probiotics significantly
reduced the abundance of Acinetobacter which is a common
aerobic and gram-negative bacterium in nature, belonging
to a vital pathogen causing hospital infection especially in
patients with low immune function (Acinetobacter baumannii)
(25). Acinetobacter had been listed as the third commonest
human pathogen in the intensive care unit of South Korean
hospitals, and its inherent drug resistance to a variety of
antibiotics made it obtain determinants of drug resistance to
various antibacterial drugs (26). Additionally, bowel preparation
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significantly reduced the level of Bacteroides, and probiotics
obviously recovered its abundance. Studies had revealed that
Bacteroides can reduce the intestinal oxygen level to promote
the growth of strict anaerobes (23) and some strains of
Bifidobacterium have been put into use as probiotics in food and
medicine (10, 27). Bacteroides and Bifidobacterium can establish
stable and long-term contact with host and benefit health of
human body, can degrade dietary fiber into short-chain fatty
acids (SCFAs), which provides energy source for cells, promotes
barrier function and reduces the occurrence of inflammatory
reactions (28, 29).

In the end, we compared the microbial diversity of CA and
PA, and found that taking probiotics predominantly enhanced
the abundance of beneficial bacteria such as Roseburia (mainly
or only produces butyrate, which can reduce the level of
inflammation in the whole, especially in the blood, further
reduce the degree of atherosclerosis. It remains lower levels in
people with cardiovascular diseases) (30, 31), Faecalibacterium (a

symbiotic bacterium that widely exists in the gastrointestinal tract
of animals and humans. It was significantly reduced in Crohn’s
patients, and might be used as a probiotic to treat Crohn’s disease)
(32-34) and Parabacteroides (can resist intestinal inflammation,
the main metabolic end products are beneficial acetic acid
and succinic acid, which are lower than the normal range in
intestinal tract of patients with colitis) (35-37) at the genus
level. Nevertheless, the abundance of harmful bacteria such as
Streptococcus was strikingly reduced (Figures 5, 6). Streptococcus
is a common opportunistic pathogen, including Streptococcus
pyogenes, Streptococcus viridans and Streptococcus pneumoniae,
which can cause purulent inflammation, endocarditis and
septicaemia, further threaten human health and life (38,
39). Haenni et al. indicated that due to the widespread
use of Tetracycline, Macrolide, and Lincosamide antibiotics
in the global animal sector, the antibiotic resistance of
Streptococcus zooepidermidis has emerged, leading to treatment
failure (40, 41).
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In the present study, we found that oral probiotics did
alleviate the intestinal microbial disturbance caused by bowel
preparation, greatly reduced the pathogens of Proteobacteria
(at the phylum level), Acinetobacter (at the genus level),
Streptococcus (at the genus level), and enhanced the probiotics
of Bacteroidetes (at the phylum level), Bacteroides (at the
genus level), Roseburia (at the genus level), Faecalibacterium
(at the genus level) and Parabacteroides (at the genus level).
Therefore, we have reasons to believe that supplement of
probiotic preparations will accelerate the establishment of
intestinal microbial balance after intestinal cleaning, suppress
the growth of harmful bacteria and benefit the maintenance of
intestinal health.
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