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Abstract
Chitooligosaccharides (COS) has an effect to reduce blood glucose and blood
lipids and is used in adjuvant therapy for diabetes mellitus (DM), which is
closely associated with gut microbiota. Therefore, it is worthy investigating
whether COS exerts its effect via the gut microbiota. In this paper, we studied
the response of gut microbiota in diabetic mice to COS, using the
high-throughput sequencing technology. We found that COS had significant
effect on the community structure of gut microbiota in mice though it had no
significant effect on the α-diversity of gut microbiota; the abundance of Actinobacteria was increased significantly in the gut tract of mice fed with COS
(P < 0.05); the abundance of Corynebacteriaceae significantly increased in
diabetic mice fed with COS (P < 0.05); at OTU level, the abundance of 13
OTUs of Bacteroidales S24-7 group decreased significantly (P < 0.05) while
that of Lachnospiraceae increased significantly (P < 0.05) in diabetic mice
intragastrically administered with COS. The results of our experiment suggest
that the effect of COS to reduce blood glucose in diabetic mice might be produced by decreasing the abundance of Bacteroidetes and increasing that of
Firmicutes and Actinobacteria.
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1. Introduction
Recently, more and more studies have shown that gut microbiota, as one of the
various environmental factors, is closely associated with a number of diseases
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such as obesity and DM [1] [2] [3] [4]. High-throughput sequencing of
16SrRNA gene of gut microbiota in healthy human revealed that gut microbiota
is mainly composed of Bacteroidetes, Firmicutes, Actinobacteria, Fusobacteria,
Verrucomicrobia, Cyanobacteria, Proteobacteria, Spirochaeates and VadinBE97
[5], of which Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria account for the most part of gut microbiota; in particular, Bacteroidetes and Firmicutes dominate and account for more than 95% of the gut microbiota [6]. The
community structure of gut microbiota differs significantly between diabetic patients and healthy human. In patients with type II DM, the percentage of class
Clostridia bacteria in phylum Firmicutes in gut microbiota decreases significantly; the ratio of Bacteroidetes to Firmicutes is positively correlated with the
concentration of blood glucose; and the abundance of bacteria that produce butyric acid decreases; various pathogenic bacteria increase; and there is a phenomenon of significant enrichment of Betaproteobacteria, which increases with the
increase of blood glucose concentration [7].
Chitin has the effect of reducing blood pressure, blood lipids and blood glucose, regulating immunity and suppressing tumor and is suitable for adjuvant
treatment of DM, hypertension, hyperlipidemia, obesity and tumor. It is widely
used in studies on reduction of blood glucose and blood lipids in mice [8] [9]
[10]. Recently, some studies reported that chitin has the function to modulate
gut microbiota, for example, to significantly reduce the quantity of Bifidobacteria in gut microbiota in diabetic mice [11]. Nonetheless, these studies only tested
change in the quantity of a few key gut bacteria using traditional culture technology or at most investigated microbiota change using DNA fingerprinting
technology [12] [13] [14] and thus very limited information was revealed. Using
16S rRNA gene high-throughput sequencing technology for assaying gut microbiota in mice to obtain a large gene sequence may greatly deepen the understanding of the mechanism of COS modulating gut microbiota and mice blood
glucose.
In this study, we employed the 16S rRNA gene high-throughput sequencing
technology on diabetic mice model fed with COS to investigate: 1) whether or
not COS would cause change in the composition structure of gut microbiota in
diabetic mice, and 2) if such change exists, whether or not it is associated with
change in blood glucose. Results of the study will provide a theoretical basis for
the use of COS as a mean to improve prognosis of DM and modulate blood glucose of diabetic patients as an adjuvant of medicine control.

2. Materials and Methods
2.1. Experimental Animals
Animals used in this study were SPF grade male ICR mice weighted 20 ± 2 g,
purchased from the Comparative Medicine Center of Yangzhou University
(Yangzhou, Jiangsu, China) [Permit Number: SCXK (S)2017-007]. The animal
feed was provided by Zhejiang Experimental Animal Center (Zhejiang, China).
DOI: 10.4236/oalib.1105961

2

Open Access Library Journal

X. Wang et al.

All experiment protocol were accordance with the standard animal welfare
guideline, and obtained the permission should be obtained from Ethics Committee.

2.2. Reagents and Instruments
Streptozocin-STZ was purchased from Sigma Corporation (USA). Citric acid
and sodium citrate were purchased from Shanghai Kejian Biotechnology Co.,
Ltd. (Shanghai, China). COS was obtained from Ningbo Zhenhai Baichuan Biotechnology Co., Ltd. (Ningbo, Zhejiang, China).
Cofoe blood glucose meter and Cofoe blood glucose test paper were provided
by Cofoe Medical Equipment Co., Ltd. (Changsha, China). QIAamp® DNA Stool
Mini Kit was obtained from Qiage Corporation (Germany). NanoDrop ND-2000
Nucleic acid analyzer and GeneJET Gel Extraction Kit were obtained from
Thermo Scientific (USA). Illumina HiSeq 2500 Sequencing Platform was from
Illumina (USA).

2.3. Animals Grouping and Treatment
After one week of acclimatization, 30 out of 50 mice were randomly selected and
divided into the experiment group for DM modeling and were intraperitoneally
injected with Streptozocin-STZ diluted with citric acid and sodium citrate lactated ringer’s solution in a dose of 200 mg/kg after fasting for 12 h [11]. The remaining 20 mice were divided into the normal blood glucose group and intraperitoneally injected with an equivalent amount of purified water. Three days after
the injection, blood samples were collected from the tail vein of mice in both
groups and levels of blood glucose were determined with the Glucose Oxidase
method. Mice in the experiment group with blood glucose level exceeding 11
mmol/L were deemed as successful DM modeling and used for further experiment. The blood glucose levels of the normal group were between 3.5 and 7.1
mmol/L [15].
Mice in the DM model group were divided into two groups according to the
principle of similar weights: DM mice group intragastrically administered with
COS (the DM-T group) and DM mice control group (DM-C). Similarly, mice in
the normal glucose group were also divided into group intragastrically administered with COS (the N-T group) and control group (N-C). Each group had six
mice. Mice in the DM-T group and N-T group were intragastrically administered with COS (600 mg/kg/d) [16], while those in the N-T and N-C were intragastrically administered with an equivalent amount of purified water for 4 consecutive weeks. Each week all mice in both experiment groups and control
groups were monitored for level of blood glucose and weight. At W4, mice feces
were collected under aseptic conditions. During the experiment, mice in each
group were housed in one cage under a 12 h light- dark circle with controlled
humidity (40% - 70%) and temperature (20˚C - 26˚C) and were given unrestricted access to water and feed. All utensil, feed and bedding were sterilized.
DOI: 10.4236/oalib.1105961
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2.4. Collection, DNA Extraction, PCR Amplification and
Purification of Mice Feces
At the end of treatment, mice were sacrificed. After the low abdomen external skin
of mice was sterilized with 75% alcohol, feces in the rectum end were collected in
sterile cryogenic tubes, marked and immediately stored in liquid nitrogen. The total microbial DNA of mice feces was extracted using QIAamp® DNA Stool Mini
Kit (Qiagen, Germany). The concentration and purity of DNA was measured using NanoDrop ND-2000 Nucleic acid analyzer. The DNA samples were stored at
−80˚C. The V4-V5 region of 16S rRNA gene was amplified using ancient and bacterial universal primers 515FB (5’-GTGYCAGCMGCCGCGGTAA-3’) and 926R
(5’-CCGYCAATTYMTTTRAGTTT-3’) [17]. To minimize reaction-level PCR
bias, 10 ng purified DNA template from each sample was amplified in triplicate
with a 30-μL reaction system under the following conditions: initial denaturation
at 95˚C for 3 min; then 25 cycles of denaturation at 95˚C for 45 s, annealing at
50˚C for 45 s and extension at 68˚C for 90 s, with a final extension at 68˚C for 5
min. At the end of amplification, products of the same sample were mixed with
equal concentration and detected by 2% agarose gel electrophoresis. Sequences
between 400 bp and 450 bp were selected and target bands were excised using
GeneJET Extraction Kit (Thermo Scientific, USA). After purification of the PCR
product, the library was constructed using the TruSeq DNA PCR-Free Library
Preparation Kit (Illumina, USA) and sequenced on the Illumina HiSeq 2500
platform (Illumina, USA).

2.5. Analysis of Sequencing Data
The raw FASTQ files were packaged using QIIME v.1.9.1 [18] and the paired
reads were spliced with FLASH [19]. The joined pairs were subsequently quality
filtered and analysed with QIIME v1.9.1. The sequences were clustered into operational taxonomic units (OTUs) at 97% similarity using the
pick_open_reference_otus.py script. The most abundant sequence from each
OTU was selected as a representative sequence, and compared with SILVA128
database and assigned to taxonomy. A phylogenic tree was generated from the
filtered alignment using FastTree [20]. Sequences identified as archaea, chloroplast, mitochondria and not classified into bacterial were removed. A total number of 1,206,800 sequences were obtained for 24 samples (with a mean of 50,283
reads per sample). Each sample was then standardized to the minimum number
of 43,100 sequences (the lowest number of sequences in all samples) for further
analysis.
The a-diversity indices (observed species, Shannon-Wiener index and phylogenetic diversity) and β-diversity (Bray-Curtis dissimilarity) were calculated using QIIME v1.9.1. Pielou’s evenness of mice fecal microbiota was calculated using the “Vegan” package in R. One-way analysis of variables (ANOVA) was used
to test the differences of bacterial a-diversity among different mice fecal groups,
respectively, with SPSS 22.0. Principal coordinate analysis (PCoA) based on
Bray-Curtis dissimilarity was used to indicate the difference in the community
DOI: 10.4236/oalib.1105961
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structure of mice fecal microbiota across the four treatment groups. A permutational multivariate analysis of variance (PERMANOVA, with the “adonis” function in the “vegan” package) was applied to assess the effect of COS treatment on
the community structure of mice fecal microbiota.

3. Experiment Results
3.1. Change in Weight and Blood Glucose of Mice
The changes in body weights of mice in each group over time are shown in Figure 1(A). The body weights of mice in N-C, N-T and DM-T increased over time
and at each time point presented the order of N-C > N-T > DM-T. On contrast,
the body weights of the DM-C achieved the maximum value at W3 and followed
by a decrease trend at W4 and W5. At the end of experiment at W5, mice in the
N-C group had the greatest body weights while those in the DM-C had the least.
Change in blood glucose of mice in the DM-C group and DM-T group are
shown in Figure 1(B). The blood glucose of mice in the DM-C group elevated
significantly at W2, fell slightly at W3 and then remained steady, while that in
the DM-T group decreased continuously from W1 to W4 but slightly increased
at W5. This suggests that continuing intragastric administration of COS could
reduce the blood glucose level of diabetic mice and the difference in blood glucose level between COS administered group and control group increased as the
feeding time increased.

3.2. Analysis on Diversity of Mice Gut Microbiota Community
ANOVA test indicated that in both the DM group and the normal blood glucose
group there was no significant difference in α-diversity (including species richness, Shannon index, phylogenetic diversity and evenness) (P > 0.05), suggesting
that neither DM or intragastric administration of COS had a significant effect on
the α-diversity of gut microbiota in mice.

3.3. Community Structure and Composition of Mice Gut
Microbiota
PCoA analysis based on Bray-Curtis dissimilarity (Figure 2) indicated significant difference in the community structure of gut microbiota in mice across the
groups. The results of PERMANOVA analysis based on Bray-Curtis dissimilarity
also showed that both the health status of mice (RHealth = 0.536, P = 0.001) and
intragastric administration of COS (RFood = 0.539, P = 0.001) had a significant
effect on the structure of gut microbiota in mice.
At the phylum level, among the dominant bacteria in gut microbiota of mice
(with mean relative abundance >1% in each group, Figure 3(A)), Bacteroidetes
and Firmicutes had the highest abundance and were the absolute dominant microbiota in the gut of mice in the four groups. The ratio of Firmicutes/ Bacteroidetes in DM mice was significantly lower in the DM-T group than in the DM-C
group. In mice of the normal blood glucose group, however, intragastric administration of COS made no difference. The total abundance of Actinobacteria had
DOI: 10.4236/oalib.1105961
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significant difference among the groups (P < 0.05), the relative abundance of Actinobacteria in gut of mice in the DM-T group was significantly higher than that
in the DM-C group.

Figure 1. The profiles of weight (A) and blood glucose (B) of tested mice over time.

Figure 2. PCoA analysis of mice gut microbiota based on Bray-Curtis dissimilarity.

Figure 3. Composition of dominant bacteria (with mean relative abundance > 1%) in gut
microbiota of mice. (A) at phyla and proteobacterial classes level, (B) at family level.
DOI: 10.4236/oalib.1105961

6

Open Access Library Journal

X. Wang et al.

The composition of dominant bacteria in mice gut microbiota at family level
is shown in Figure 3(B). The dominant families (with relative abundance > 1%)
mainly include four families, namely, Bacteroidales S24-7 group, Lachnospiraceae, Prevotellaceae and Bacteroidaceae. ANOVA test indicated that intragastric
administration of COS influenced the abundance of Rikenellaceae and Bacteroidaceae in normal mice (P < 0.05), while the abundance of Corynebacteriaceae
differed significantly between the DM-T group and DM-C group (P < 0.05).
Corynebacteriaceae existed in gut of diabetic mice in great quantity, significantly
greater in the DM-T group than in the DM-C group (P < 0.05). In the gut of
mice in the normal groups, the relative abundance of Corynebacteriaceae was
extremely low and intragastric administration of COS almost had no effect on it.
Table 1 presents the main OTUs of mice gut bacteria significantly influenced
by intragastric administration of COS. Among the 14 OTUs of Bacteroidales
S24-7 group, 5 had an abundance significantly decreasing along with the intragastric administration of COS in both the normal blood glucose groups and the
DM groups, 8 decreasing significantly only in the DM-T group and 1 affected
only in the N-T group. One OTU in family Lachnospiraceae was affected significantly only in the DM-T group and one was affected significantly only in the
N-T group.
Table 1. OTUs of mice gut microbiota with significant inter-group difference (One-way
ANOVA).
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P

Most related OTU

Family

N-C/T DM-C/T

New.ReferenceOTU68

Bacteroidales S24-7 group

10.057 0.000

Sig.

Sig.

EF096612.1.1402

Bacteroidales S24-7 group

9.858 0.000

Sig.

Sig.

EF097238.1.1400

Bacteroidales S24-7 group

8.995 0.001

Sig.

Sig.

EU452486.1.1403

Bacteroidales S24-7 group

4.577 0.013

Sig.

Sig.

EF097214.1.1401

Bacteroidales S24-7 group

3.656 0.030

Sig.

Sig.

New.ReferenceOTU35

Bacteroidales S24-7 group

8.696 0.001

No

Sig.

HQ681769.1.1460

Lachnospiraceae

7.438 0.002

No

Sig.

EU512010.1.1420

Bacteroidales S24-7 group

7.182 0.002

No

Sig.

New.ReferenceOTU356

Bacteroidales S24-7 group

6.823 0.002

No

Sig.

New.CleanUp.ReferenceOTU19

Bacteroidales S24-7 group

6.690 0.003

No

Sig.

New.ReferenceOTU2401

Bacteroidales S24-7 group

6.048 0.004

No

Sig.

AB702728.1.1499

Bacteroidales S24-7 group

5.907 0.005

No

Sig.

New.ReferenceOTU37

Bacteroidales S24-7 group

5.756 0.005

No

Sig.

EF097757.1.1401

Bacteroidales S24-7 group

5.355 0.007

No

Sig.

GQ449002.1.1384

Bacteroidaceae

14.156 0.000

Sig.

No

New.ReferenceOTU34

Rikenellaceae

9.492 0.000

Sig.

No

GQ448253.1.1400

Lactobacillaceae

8.442 0.001

Sig.

No

New.ReferenceOTU300

Bacteroidales S24-7 group

6.489 0.003

Sig.

No

EU655974.1.1317

Rikenellaceae

3.937 0.023

Sig.

No

EU457759.1.1398

Bacteroidaceae

3.231 0.044

Sig.

No
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4. Discussion and Conclusion
With diabetic mice model as the object, this study investigated the effect of
intragastric administration of COS on blood glucose of diabetic mice model and
the gut microbiota of diabetic mice, using high-throughput sequencing technology. The level of blood glucose of mice in the COS intragastric administration
groups was significantly lower than that of the control groups, demonstrating
that intragastric administration of COS can continuously decrease the level of
blood glucose. This is in agreement with the study of Wang M. R., et al. [11].
DM and intragastric administration of COS had little effect on the α-diversity,
but significant effect on the structure and composition of gut microbiota in
mice, and the effect was more significant in the COS intragastric administration
groups than in the normal blood glucose groups. Although at phylum level
intragastric administration of COS had no significant effect on Bacteroidetes and
Firmicutes in mice gut microbiota, inconsistent with the literature [7], at the
OTU level, the abundance of OTUs of two phyla presented significant inverse
change: 13 OTUs in Bacteroidales S24-7 group of phylum Bacteroidetes had a
significant decrease in abundance while 1 OTU in phylum Firmicutes had a significant increase in abundance. It has been reported that the decrease of abundance of Bacteroidales S24-7 group was accompanied by improvement of symptoms of diabetes mellitus [21]. Moreover, the abundance of Actinobacteria was
significant higher in the DM groups than in the normal groups. Intragastric administration of COS could significantly improve the abundance of phylum Actinobacteria and family Corynebacteriaceae under the phylum in the gut microbiota of diabetic mice, but had no significant effect on that in the gut microbiota
of healthy mice. These results suggest that COS might improve the symptoms of
diabetic mice via modulating the abundance of related bacteria in gut of mice
and consequently alleviate diabetes symptoms.
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