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Effect of sea cucumber peptides on the immune
response and gut microbiota composition in
ovalbumin-induced allergic mice†

Liyuan Yun, a Wen Li,b Tao Wu b and Min Zhang*a,b

The prevalence of food allergies has increased in Asian countries. The aim of this study was to determine

the potential value of sea cucumber peptide (SCP) for anti-allergic therapeutics in terms of their effect on

immune response and gut microbiota composition. Results exhibited that SCP could significantly improve

the allergy symptoms caused by ovalbumin and could reduce the risk of IgE mediated allergic disorders,

as well as repair the morphological damage in the colon. Flow cytometry analysis indicated that SCP

could improve the ratio of CD4+/CD8+ T lymphocytes. 16S rRNA results indicated that SCP could differ-

ently impact the composition of microbiota. The relative abundances of Bacteroidetes and Firmicutes and

the Bacteroidetes/Firmicutes ratio were altered in normal mice. When compared with the OVA treated

group, the SCP treated groups showed an increase in the relative abundance of Lachnospiraceae,

Muribaculaceae and Ruminococcaceae, and a decrease in Bacteroidaceae, Prevotellaceae, and

Lactobacillaceae. These results demonstrate that SCP exhibits potential antiallergic activities in a mouse

model of ovalbumin allergy by regulating intestinal microbiota diversity and upregulating the immune

response of T lymphocyte subpopulations, which might provide important evidence that SCP can be

developed into a novel functional food for inhibiting ovalbumin allergy.

1. Introduction

Food allergies have emerged as a major public health issue
worldwide, even in developing countries such as China.1,2

Among one of the pathological responses of many allergic dis-
eases is the enhancement of serum IgE-mediated responses to
common environmental antigens.3 Sensitized individuals, who
have high titers of food-specific IgE antibodies, experience a
range of immediate hypersensitivity responses including
acute-onset itching, hives, vomiting, and diarrhea, all triggered
when food proteins recognized by FcεRI-bound IgE induce
mast cell activation.4 Mast cells are morphologically distinct
tissue-resident sentinel cells densely packed with secretory
granules containing preformed mediators, including hista-
mine, TNF, serotonin and a broad range of mast-cell-specific
serine proteases bound to a proteoglycan core with heparin
glycosaminoglycans.5 The specific commensal bacteria also
promote the generation of different T cell subsets in the intes-

tine that have unique roles during pathogen infection.6 In par-
ticular, the signature cytokines of distinct T-cell subsets and
the transcriptional regulation of T-cell differentiation appear
to be of fundamental importance in mucosal immunity.
However, uncontrolled mucosal T-cell responses may lead to
immunologic diseases such as allergy, hypersensitivity and
inflammation.7 CD4+ T lymphocytes can differentiate into
functionally distinct subsets, and are important components
of the mucosal immune defense against pathogens.8–10

An increasing number of studies have reported that some
diseases including allergic diseases, immune diseases, inflam-
matory bowel disease, metabolic syndrome, and even neurode-
velopmental disorders have been related to the intestinal
mucosal barrier dysfunction or intestinal microbiota
dysbiosis.11–13 Gut microbiota not only contribute to the matu-
ration and development of both the gut mucosal immune
system and the systemic immune system, but also directs the
development of immune responses.14 In turn, the gut immune
responses regulate the composition of the microbiota.15 The
gut microbiota play a vital role in various biological processes
and pathological states, such as the digestion and fermenta-
tion of carbohydrates, nutrient metabolism, energy supply,
and maintenance of intestinal homeostasis.16 Thus, a complex
interplay between the host immune system and the microbiota
is necessary for gut homeostasis. The microbiota can also
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enhance the epithelial barrier function through the production
of metabolites. Microbial metabolites, such as short-chain
fatty acids, play a key role in the body’s physiological processes
which are closely related to inflammation, immunity, and
cancer.17,18 Thus, the diversity of gut microbiota and T cell
subsets are essential to the immune system.

Sea cucumber (Apostichopus japonicus), which belongs to
the Echinodermata phylum and the Holothuroidea class, is an
important commercially farmed species in China, Japan and
Korea because of its high nutritional value.19 It has been
reported that sea cucumber contains many biologically active
substances and nutrients, such as proteins (polypeptides),
polysaccharides (oligosaccharides), lipids in organics, vitamins
(A, B1, B2 and B3), and minerals, especially calcium, mag-
nesium, iron and zinc.20 Meanwhile, sea cucumber also
showed many biological activities, such as anticancer, anti-
oxidant, anti-inflammatory, antitumor, antimicrobial, immu-
noregulatory, anti-hypertension and so forth.21–23 It has been
reported that protein (polypeptides) is the main component of
sea cucumber (about 90%, polypeptides per dried body wall of
sea cucumber).20 However the immunoregulatory activity of
protein (polypeptides) and its potential mechanisms are still
unclear. Therefore, in this study, we aimed to explain the
immunomodulatory effects of sea cucumber peptide (SCP) in
ovalbumin-induced allergic mice in correlation with modulat-
ing gut microbiota and regulating the immune response of T
lymphocyte subpopulations. This study further elucidate the
immunomodulatory mechanism and enrich the application
value of sea cucumber.

2. Materials and methods
2.1. Materials

Fifty specific pathogen free (SPF) female ICR mice (6 weeks
old, 18 ± 2 g) were purchased from Sibeford (Beijing)
Biotechnology Co. Ltd (Beijing, China, certificate number:
SCXK (Jing) 2019-0002). Ovalbumin and Imject™ Alum
Adjuvant were purchased from Sigma-Aldrich (St Louis, MO,
USA). IgE, OVA-sIgE, histamine (His) ELISA kits and DAB kits
(DA1010) were purchased from Mlbio (Shanghai, China). All
antibodies for the flow cytometry analysis were purchased
from Biolegend (San Diego, CA, USA). All other reagents were
of analytical grade.

2.2 Animal experiments and sample collection

Fifty specific pathogen free (SPF) female ICR mice (6 weeks
old, 18 ± 2 g) were housed individually with ad libitum access
to food and water and kept under a 12 h light–dark cycle at a
temperature of 23 ± 1 °C and humidity of 50–70% at the
animal facility of the Radiation Medicine (Tianjin, China).
Experimental procedures were approved by the Animal Ethics
and Welfare Committee. All animal procedures were per-
formed in accordance with the Guidelines for Care and Use of
Laboratory Animals of Chinese Academy of Medical Sciences
and the Institute of Radiation Medicine and approved by the

Animal Ethics Committee of Chinese Academy of Medical
Sciences and the Institute of Radiation Medicine [SYXK
(Tianjin): 2019-0002]. Mice were sensitized by three intraperito-
neal injections with 40 µg OVA and 4 mg Imject Alum on day
7, 14 and 21.12 The body weights per mouse were logged once
a week for 4 weeks. All mice were sacrificed by cervical dis-
location, and then blood sample, spleen, thymus, ileum
tissues and cecum fecal were collected for further experiments.

The mice were classified into five groups as follows:
NC-normal control group: mice were gavaged with normal

saline once a day during the experimental period.
OVA-model control group: mice were gavaged with normal

saline for 28 days and sensitized by three intraperitoneal injec-
tions with 40 µg OVA and 4 mg Imject Alum on day 7, 14 and
21.

LSCP-low-dose SCP group: mice were gavaged with 250 mg
per kg BW for 28 days and sensitized by three intraperitoneal
injections with 40 µg OVA and 4 mg Imject Alum on day 7, 14
and 21.

MSCP-medium-dose SCP group: mice were gavaged with
500 mg per kg BW for 28 days and sensitized by three intraper-
itoneal injections with 40 µg OVA and 4 mg Imject Alum on
day 7, 14 and 21.

HSCP-high-dose SCP group: mice were gavaged with
1000 mg per kg BW for 28 days and sensitized by three intra-
peritoneal injections with 40 µg OVA and 4 mg Imject Alum on
day 7, 14 and 21.

2.3 Evaluation of anaphylactic symptoms

Anaphylactic symptoms were scored as the method of Boming
Yu et al. with some modifications.24 Briefly, after the last sen-
sitization (on the 21st day) with OVA, the status of the animals
in each group was continuously observed for 30 min, and the
anaphylactic symptoms were scored as follows: 0, no symp-
toms; 1, scratchy nose and head; 2, reduced activity and trem-
bling of limbs; 3, asthma, difficulty in breathing and paleness
around the mouth and tail; 4, convulsions; and 5, death.

2.4 Detection of the histamine, IgE, and OVA-specific IgE
levels

The blood of the mice was collected in 2 mL PE centrifuge
tubes. The supernatant was centrifuged at 4000g for 10 min
and stored at −80 °C. The His, IgE, and OVA-specific IgE levels
were detected using mouse plasma ELISA kits.

2.5 Histological analysis

The colon tissues were fixed in 4% paraformaldehyde over-
night. After dehydration using graded ethanol, the tissues were
embedded in paraffin and cut to a thickness of 4–7 µm. The
sections were stained with toluidine blue (TB) according to the
manufacturer’s protocols for the observation of intestinal mor-
phology using a microscope (Olympus Corporation, Tokyo,
Japan).
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2.6 Immunohistochemical staining of mucin-2 protein

Histological sections were deparaffinized with xylene, rehy-
drated with a graded ethanol series and heated at 95 °C for
20 min in 0.01 mol L−1 sodium citrate buffer (pH 6.0) for
antigen retrieval. After treatment with 5% goat serum in PBS
(0.1 mol L−1, pH 7.2) to block nonspecific protein binding,
mucin-2 secreting cells were respectively detected using rabbit
anti-mouse mucin-2 antibody as the primary antibody, which
was further bound with the HRP conjugated IgG secondary
antibody. A DAB kit was used for the chromogenic reaction.
The secretion of mucin-2 protein was observed using a micro-
scope (Olympus Corporation, Tokyo, Japan), and the mean
gray value of mucin-2 was analyzed using ImageJ software.

2.7 Flow cytometry assay

The mouse spleens were placed on nylon mesh cell strainers
and adequately ground using a syringe plug with continuous
addition of lymphocyte separation medium. After the tissue
was fully ground, the medium was transferred to 15 mL centri-
fuge tubes and then centrifuged at 800g for 30 min, and resus-
pended in RPMI 1640 medium supplemented with 10% FBS
and 1% penicillin per streptomycin. Cell counts were adjusted
to 1 × 106 cells per mL and the cells were stained with anti-
CD4-APC and anti-CD8-FITC. All staining was performed for
30 min at 4 °C in the dark and further analyzed by flow cyto-
metry (BD Accuri® C6 Plus).

2.8 Gut microbiota detected by high throughput sequencing
and bioinformatics analysis

The gut bacterial community compositions were examined
using 16S rRNA gene sequencing entrusted to Guangzhou
Gene Denovo Technology Co., Ltd. The fecal samples from the
five mouse groups were collected and snap-frozen in liquid
nitrogen before storage at −80 °C. The extraction and purifi-
cation of DNA are displayed in the ESI.† The V3–V4 region of
the bacterial 16S ribosomal RNA (rRNA) was amplified using
nested PCR. Sequences clustered at 97% similarity were
assigned to the same operational taxonomic unit (OTU).

2.9 Statistical analysis

All data were presented as the mean ± standard derivation
(SD). Differences among various groups were analyzed by one-
way analysis of variance (ANOVA) followed by Tukey’s test using
SPSS 17.0 software. The statistical significance of the differ-
ences among the means was also analyzed by t-test (P < 0.05).
The high-quality sequence clustering was performed using
UCLUST in QIIME1.9.1, and the sequences were clustered into
operational taxonomic units (OTUs) at 97% similarity in
accordance with Uparse software (Uparse v7.0.1001). OTUs
were used for α-diversity analysis. Multiple sequence align-
ment was conducted using PyNAST 1.2.2 software, and phylo-
genetic trees were constructed using FastTree 2.1.90 to study
the phylogenetic relationships of different OTUs. Principal
component analysis (PCA) of the sequence read abundance
was generated using Mothur and R software. The statistical

analysis methods containing t-test, Simper, MetaStat, LEfSe,
Anosim and MRPP were used to analyze the differences in the
microbial diversity.

3. Results and discussion
3.1 Effect of SCP on the allergy symptoms in OVA-induced
mice

The allergy symptoms of mice within 30 min were evaluated
after the challenge on the last sensitization on day 21. After
the challenge by OVA, the symptoms of scratching nose and
head and reduced activity in OVA-induced mice were obvious,
which indicated that the model was successful.24 The allergy
scores of the mice after stimulation are shown in Fig. 1, and
the average symptom scores of the OVA group were signifi-
cantly higher compared with the normal control group (P <
0.05), which proved that the OVA model was successful. After
sea cucumber peptide administration, the scores of symptoms
in the MSCP (500 mg per kg BW) and HSCP (1000 mg per kg
BW) groups were significant lower than those in the OVA
group. The results showed that SCP could effectively suppress
the allergy symptoms of OVA-induced mice.

3.2 Effects of SCP on the body weight and organ indexes in
OVA-induced mice

Jing Bai et al. found that compared with the normal group, the
weight of mice in the OVA induced group decreased signifi-
cantly.25 Related studies had reported that ovalbumin could
induce body weight loss in the model of mice.26 The change in
body weight between the beginning and the end of the experi-
ment is shown in Fig. 2A. The weights of the mice in the NC

Fig. 1 The symptom scores for the anaphylaxis symptoms after the last
sensitization (on the 21st day) with OVA. The status of animals in each
group was continuously observed for 30 min. Data represent the mean
± SD (n = 10). Difference in the letters on the graph indicates a signifi-
cant difference between the groups (P < 0.05). Abbreviations: NC,
normal control group; OVA, OVA-model control group; LSCP, LSCP-low-
dose SCP group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-
high-dose SCP group.
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group were the highest, and those of the mice in the OVA
group were the lowest at the end of the experiment. The experi-
mental results were consistent with the study of Jing Bai
et al.25 The weights of the mice in the other three groups were

higher than those in the OVA group. There were no significant
differences between the MSCP and NC groups.

The spleen and thymus indexes in the different groups were
calculated (Fig. 2B and C). The thymus index of the OVA group
was significantly lower (P < 0.05) than that of the NC group.
However, the administration of sea cucumber peptide
increased the thymus index of OVA-treated mice (P < 0.05). In
addition, the spleen index of mice in the OVA group was sig-
nificantly decreased compared with that of the NC group (P <
0.05). Nevertheless, the spleen index of the mice treated with
sea cucumber peptide was significantly increased compared
with that of the OVA group (P < 0.05), and was not significantly
different compared with that of the NC group (P > 0.05). These
results indicated that SCP could protect against damage or
repair damage caused by ovalbumin.

3.3 Measurement of total IgE, OVA-sIgE, and histamine in
OVA-induced mice

IgE has been considered a biomarker of many allergic dis-
eases, and IgE production is dependent on CD4+ T cells.12

Some research studies have also indicated that Bifidobacteria
might protect the host animal from IgE hypersensitivity and
reduce the risk of IgE-mediated allergic disorders.27 The
increase in the plasma level of OVA-sIgE is present in OVA-chal-
lenged mice.28 In Fig. 3A, the mice treated with ovalbumin
show the highest serum total IgE level (1356.83 ± 123.11 μg
mL−1) among all groups. After sea cucumber peptide treat-
ment, the serum total IgE level showed a downward trend.
There was no significant difference between the MSCP group
and the NC group (P > 0.05).

The study further evaluated the effects of sea cucumber
peptide treatment by measuring OVA-sIgE in the serum from
OVA-allergic mice (Fig. 3B). The OVA-sIgE level in the OVA
group was significantly higher than that of the NC group (P <
0.05). After the treatment of sea cucumber peptide, the OVA-
sIgE level in the MSCP and HSCP groups was significantly
decreased (P < 0.05), and there was no significant difference
compared with that of the NC group (P > 0.05).

In mouse food allergy models, the intestinal mast cell can
be activated and this causes release of various allergic
mediators, such as histamine, cysteine, leukotriene, and pros-
taglandin D2.25 The allergic reaction induced by OVA is a kind
of IgE-mediated hypersensitivity closely associated with the
production of histamine and other mediators.24 Yoshinori
Mine et al. had reported that the histamine level significantly
increased in OVA-induced mice and significantly decreased
under Rubus suavissimus S. Lee extract treatment compared
with that of the normal control group.29 The effect of sea
cucumber peptide on serum histamine in OVA-allergic mice is
shown in Fig. 3C. The histamine content in the OVA group was
the highest (3.77 ± 0.77 ng mL−1). The histamine levels in the
mice of the LSCP, MSCP, and HSCP groups were decreased
and lower than that of the OVA group. These results indicated
that sea cucumber peptide treatment might protect the host
animal from IgE hypersensitivity and reduce the risk of IgE
mediated allergic disorders.30

Fig. 2 Body weight (A) and the spleen index (ratio of spleen weight to
body weight) (B) and thymus index (C) of mice before the mice were
euthanized by dislocation. Data represent the mean ± SD (n = 10).
Difference in the letters on the histogram indicates a significant differ-
ence between the groups (P < 0.05). Abbreviations: NC, normal control
group; OVA, OVA-model control group; LSCP, LSCP-low-dose SCP
group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-high-dose
SCP group.
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3.4 Effect of SCP on the intestinal physical barrier function

The results of the pathological observation of colon tissue are
shown in Fig. 4A. The histological analysis of the colon
revealed that, in the NC group, the structure of the intestinal
mucosa was intact, and the epithelial cells were normal and
closely arranged. Yixiang Liu et al. reported that the OVA-
induced mouse group showed obvious inflammation com-
pared with the normal control group.31 In this study, when the
mice were treated with OVA, mild inflammation was discov-
ered. Nevertheless, in the MSCP group, the cells of the intesti-

nal tissue with normal appearance were closely arranged, and
no obvious inflammation was found. These results implied
that SCP has a certain effect in inhibiting intestinal epithelial
injury during the development of food allergies.

Goblet cells are mucous secreting cells mainly located in
the intestinal mucosa.32 They are responsible for the pro-
duction of the protective mucous blanket and secretes high-
molecular weight glycoproteins known as mucins.33 As shown
in Fig. 4B and C, the histological analysis of the colon revealed
that the mean gray value of mucin-2 decreased in the OVA-
treated group. Meanwhile, SCP administration markedly
enhanced the mean gray value of mucin-2. The immunohisto-
chemical analysis showed that the administration of SCP was
able to significantly augment the expression of mucin-2 in
each intestinal region. Mucin-2, as the major member of
mucin family, plays an important role in the organization of
the intestinal mucus layers, and the lack of mucin-2 can
induce pathogenic bacteria to directly contact IECs and thus
develop spontaneous colitis.14 Therefore, the higher expression
of mucin-2 at the epithelial surface and the increased levels of
mucin-2 in the intestinal regions (Fig. 4B) after SCP adminis-
tration would be beneficial for intestine health.

3.5 Effects of SCP on T lymphocyte subpopulations in the
spleens of OVA-induced mice

CD4+ and CD8+ T cells are key links to immunoregulation in
organisms.34 CD8+ T cells are immune effector cells and
responsible for the removal of target cells through a direct
killing effect.35 CD4+ T cells mainly consist of T-helper (Th)
cells Th1, Th2, and Th17, and regulatory T-cells (Treg), which
could be induced by different commensal microbiota. CD4+ T
cells are grouped into T helper 1 (Th1) and T helper 2 (Th2)
cells. For example, Listeria drive Th1 responses, nematodes
drive Th2 responses, segmented filamentous bacteria drive
Th17 responses, and altered Schaedler flora and consortia of
Clostridia drive Treg responses.36 To assess the function of sea
cucumber polypeptide, the expression of CD4+ and CD8+
spleen T lymphocytes was studied by FCM (Fig. 5 and Table 1).
After being induced with ovalbumin, the CD4+/CD8+ ratio sig-
nificantly reduced in the mice of the OVA group compared
with that of the NC group. Following this, the CD4+/CD8+ ratio
significantly increased after sea cucumber polypeptide treat-
ment compared with those of the mice in the OVA group.
These results showed that SCP could improve the ratio of
CD4+/CD8+ T lymphocytes. It also indicated that SCP effec-
tively improved the impaired immune system by upregulating
T lymphocyte subpopulations.37

3.6 16S rRNA high throughput sequencing analysis

In this study, multiplex pyrosequencing covering the V3–
V4 hypervariable regions of the 16S rRNA gene was employed
to characterize the bacterial community diversity along the
mouse gastrointestinal tract. The rarefaction curve and rank
abundance indicated a high diversity of the microbial commu-
nity and sequencing depth. In Fig. S1,† increased operational
taxonomic unit (OTU) numbers under the same sequence

Fig. 3 Total IgE (A), OVA-sIgE (B), and histamine (C) levels in serum
determined using an enzyme immunoassay kit. Data represent the mean
± SD (n = 10). Difference in the letters on the histogram indicates a sig-
nificant difference between the groups (P < 0.05).
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number are shown when the rarefaction curves plateaued.
Furthermore, there was a smooth and wide distribution range
of rank abundance curves. These curves revealed that the
number of OTUs analyzed was sufficient and reasonable.

The Chao 1, ACE, Shannon and Simpson indexes were used
to evaluate the alpha diversity of the gut microbiota (Fig. 6A).
The Chao 1 and ACE indexes were used to assess the commu-
nity richness. The Shannon and Simpson indexes were used to

Fig. 4 Effects of SCP on the intestinal morphology of OVA-sensitized mice by blue-stained (A), and immunohistochemical staining using DBA kits
on mucin-2 (B), and the expression of mucin-2 anlyzed by imageJ soft (C). Results are expressed as mean ± SD. *P < 0.05 and **P < 0.01 versus the
normal control group. Scale bar = 50 μm. Abbreviations: NC, normal control group; OVA, OVA-model control group; LSCP, LSCP-low-dose SCP
group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-high-dose SCP group.

Fig. 5 The proportions of CD4+ and CD8+ splenic T lymphocytes were examined by FCM. Abbreviations: NC, normal control group; OVA, OVA-
model control group; LSCP, LSCP-low-dose SCP group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-high-dose SCP group.
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evaluate the community diversity in the samples.38 Obviously,
no significant difference for the Chao 1 and ACE indexes and
the Shannon and Simpson indexes was found between the
different groups (P > 0.05).

The non-metric multi-dimensional scaling analysis (NMDS)
was performed to identify the distinct classification of the
microorganism compositions among the different groups.39

From the NMDS plots (Fig. 6B), an obvious separation between
the NC and MC groups is revealed, which indicated that OVA
intervention had an obvious impact on the composition of the
gut microbiota. Moreover, cluster analysis results based on the
Bray–Curtis distance (Fig. 6C) are consistent with the results of
NMDS, indicating that OVA and SCP could effectively influence
the composition of the gut microbiota.

An Upset plot was constructed to analyze the shared rich-
ness of the gut microbiota in the different groups (Fig. 6D).
Thirteen shared OTUs out of the total OTUs overlapped among
all the groups, while some OTUs were unique to specific
groups (21 for NC, 15 for OVA, 18 for LSCP, 19 for MSCP, and
20 for HSCP, respectively). After the treatment of SCP, the OTU
diversity in SCP treated groups was higher than that of the
mice in the OVA group, which supported the hypothesis of this
study that the gut microbial diversity increased during the SCP
treatment.

To determine the specific changes in the gut microbiota,
the top 10 phyla in the fecal samples were selected for analysis
(Fig. 6E and Table S1†). At the phylum level, Firmicutes and
Bacteroidetes were the two most predominant phyla, which
accounted for almost 90% of total bacteria. Proteobacteria con-
stituted the next predominant phylum with 2%–5% in each
group, which is the most abundant phylum in the mucosa.40

In general terms, the Firmicutes to Bacteroidetes ratio (F/B) is
considered to be of significant relevance in the human gut
microbiota composition.26 Many research studies had proved
that the proportions of Firmicutes : Bacteroidetes could be sig-
nificantly increased in obese people, and that the dominance
of Firmicutes in the intestinal microbiota might be one of the
risk factors inducing metabolic disorders in host animals and
healthy weight children and adults.41,42 In Fig. 6F, compared
with the NC group, it is observed that OVA led to increases in

the relative abundance of Firmicutes but decreases in that of
Bacteroidetes and increased the F/B ratio (Fig. S2†). The vari-
ation trend of Firmicutes and Bacteroidetes in mice after OVA
treatment was consistent with that of others. For example,
Yixiang Liu et al. indicated that, at the phylum level,
Firmicutes (55.86%) and Bacteroidetes (30.60%) were seen to
account for more than 85% of gut microbiota in the normal
mouse group. However, when the mice were sensitized with
OVA (model group), Firmicutes and Bacteroidetes were found
to be severely decreased to 36.50% and 28.52%, respectively.31

In recent years, an altered composition of the intestinal micro-
biota characterized with less Bacteroidetes and more
Firmicutes has also been found to accompany allergic diseases
such as wheezing and asthma,43,44 which was similar to the
observation in our present study. Interestingly enough, SCP
treatment could increase the relative abundance of
Bacteroidetes and decrease the level of Firmicutes as well as
the F/B ratio as compared with those of the mice in the OVA
group (Fig. 6F and Fig. S2†). These results are consistent with
the previous studies which support the possibility that intesti-
nal microbiota may influence the development of allergic path-
ologies.45 Furthermore, Firmicutes and Bacteroidetes have
been shown to play an important role in the digestion of
carbohydrates and proteins and have been shown to be ben-
eficial for the maturation of the intestinal immune system.46

Therefore, sea cucumber polypeptides could protect the
immune system by mediating the intestinal microbiota.

Obvious changes were observed in the gut microbiota at the
family level (Fig. 6G). Several predominant taxa for all the treat-
ment groups are presented in Table S2.† The identified predo-
minant taxa in each group decreased in the order of
Lachnospiraceae > Muribaculaceae > Ruminococcaceae >
Bacteroidaceae > Prevotellaceae. Lachnospiraceae are involved
in the production of SCFAs (butyrate, propionate, and acetate),
which are important energy sources for intestinal epithelial
cells and participate in immunoregulation.47 Lachnospiraceae
also displayed a negative correlation to intestinal inflam-
mation.48 Muribaculaceae, which exist as beneficial bacteria,
can promote intestinal metabolism and is related to the innate
immune system in several studies.49,50 A previous study
demonstrated that Muribaculaceae were strongly correlated
with the colonic inner mucus layer formation and barrier func-
tion.51 Additionally, Muribaculaceae can produce propionate, a
short-chain fatty acid (SCFA), which was considered as a pre-
biotic agent against colorectal cancer.52 Ruminococcaceae are
mainly distributed in the colon and cecum, and are respon-
sible for the degradation of cellulose and starch for the posi-
tive regulation of the immune system and intestinal environ-
ment.46 In this study, compared to the NC group, mice in the
OVA group exhibited a decrease in Lachnospiraceae,
Muribaculaceae and Ruminococcaceae, but an increase in
Bacteroidaceae, Prevotellaceae, and Lactobacillaceae. In the
study of Qingmei Liu et al., ovalbumin also reduced
Lachnospiraceae and Ruminococcaceae in the microflora of
mice.53 However, OVA treated mice which received SCP showed
an increase in the relative abundance of Lachnospiraceae,

Table 1 Effects of SCP on the percentage of the T-cell subpopulation
CD4+CD8+ in the spleens determined by flow cytometry analysis

Group CD4+ (%) CD8+ (%) CD4+/CD8+

NC 86.26 ± 0.01a 4.36 ± 0.01b 19.95 ± 2.64a

OVA 81.11 ± 0.01a 8.48 ± 0.01a 9.63 ± 0.98b

LSCP 82.35 ± 0.02a 7.73 ± 0.01a 10.70 ± 0.94b

MSCP 83.91 ± 0.01a 4.46 ± 0.01b 18.85 ± 0.65a

HSCP 84.93 ± 0.01a 5.71 ± 0.01b 15.13 ± 2.65 a

Each value is presented as mean ± SD. Different lowercase letters
indicate significant difference at the level of P < 0.05 when compared
with the normal control group. Abbreviations: NC, normal control
group; OVA, OVA-model control group; LSCP, LSCP-low-dose SCP
group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-high-dose
SCP group.
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Fig. 6 Effects of SCP administration on the gut microbiota. (A) Alpha diversity evaluated from the Chao 1, ACE, Shannon and Simpson indexes; (B
and C) comparison of the overall bacterial composition between each treatment group by non-metric multidimensional scaling (NMDS) analysis (B)
and cluster analysis with a Bray–Curtis dissimilarity (C); (D) taxa enriched in different groups at the phylum level are identified by the Upset plot; and
(E) relative abundance of the top 10 phyla in the fecal samples. (F) Relative abundance of the Firmicutes phylum in the fecal samples and (G) the rela-
tive abundance of the Bacteroidetes phylum in the fecal samples. The results are presented as the mean ± SEM (n = 5); different lowercase letters
indicate significance difference at the level of P < 0.05. Abbreviations: NC, normal control group; OVA, OVA-model control group; LSCP, LSCP-low-
dose SCP group; MSCP, MSCP-medium-dose SCP group; HSCP, HSCP-high-dose SCP group.
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Muribaculaceae and Ruminococcaceae, but a decrease in
Bacteroidaceae, Prevotellaceae, and Lactobacillaceae as com-
pared to the OVA group. Thus, these results indicated that SCP
could regulate the OVA-induced intestinal microbial imbalance
in the mice in the OVA model. The relative abundance of the
predominant taxa at the genus level in the fecal samples is
shown in Fig. S3 and Table S3 (in the ESI).† At the genus level,
Lachnospiraceae_NK4A136_group, Bacteroides, Lactobacillus,
Roseburia, and Alistipes were the predominant genera.
Lachnospiraceae_NK4A136_group, Bacteroides, Lactobacillus, and
Oscillibacter in the mice of OVA induced groups were increased
as compared to the NC group, whereas Roseburia, Alistipes,
Lachnospiraceae_UCG-006, Odoribacter, and Helicobacter were
decreased. Compared with the OVA group, the relative abun-
dance of Lachnospiraceae_NK4A136_group, Bacteroides and
Lactobacillus was increased in mice after sea cucumber polypep-
tide treatment. Lachnospiraceae_NK4A136_group, which are
SCFA-producing bacteria, exhibited anti-colitis and antiobesity
effects.54 Bacteroides displayed strong pathogenicity in the form
of impaired barrier function, dysbacteriosis, and decreased
body resistance of the host. Moreover, Roseburia are butyrate-
producing bacteria and belong to the family Lachnospiraceae in

the Firmicutes phylum. Previous studies have confirmed that
Roseburia exhibited a relatively lower abundance in colorectal
cancer rats and patients.54 Lactobacillus has long been regarded
as beneficial intestinal bacteria, which played an important role
in maintaining micro-ecological balance, and in improving the
growth performance and immunity.46 Aside from regulating the
gut microbiota and improving immunity, Lactobacillus could
enhance the intestinal antioxidant ability and digestive enzyme
activity benefiting the host.55

Therefore, consistent with these results, the speculated
pathways of sea cucumber peptide in the ovalbumin-induced
mice are characterized in Fig. 7, and it can be seen that sea
cucumber peptide regulates intestinal microbiota diversity,
relieves or repairs morphological damage, and upregulates the
immune response of T lymphocyte subpopulations to reduce
ovalbumin-induced allergic responses.

4. Conclusion

In conclusion, sea cucumber peptides exhibit significant
inhibitory effects on allergies in OVA-induced mice. Sea

Fig. 7 The speculated anti-allergic pathway of sea cucumber peptide in the ovalbumin-induced mice.
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cucumber peptides might effectively protect the integrity of
goblet cells in the colon, maintain the balance of T cells, and
promote the diversity of gut microbiota in OVA-induced mice.
Our results provide important evidence of the potential antial-
lergy activity of sea cucumber peptide and encourage us to
investigate sea cucumber peptide as a significant functional
food or additive for reducing food protein-induced allergic
responses.
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