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In this study, cyclophosphamide was injected intraperitoneally to establish an immunosuppressive mouse model to study the immune
regulating effects of Durio zibethinusMurr rind polysaccharide (DZMP) through proteomics and intestinal flora. The results showed
that the thymus and spleen indexes of the high-dose DZMP (200mg/kg) group were significantly increased, and the tissue structure of
the spleen was improved compared with the model group (P < 0:01). The contents of IL-2, IL-4, IL-6, and TNF-α in the high-dose
group of DZMP were significantly increased (P < 0:001). Activities of acid phosphatase (ACP), lactate dehydrogenase (LDH),
superoxide dismutase (SOD), and total antioxidant capacity (T-AOC) were increased in serum (P < 0:01). In the liver, catalase
(CAT) activity was increased (P < 0:001) while the malondialdehyde (MDA) content was decreased and immune activity was
increased (P < 0:001). Proteomics studies showed that the drug group could significantly increase the low-affinity immunoglobulin
gamma Fc receptor III (FcγRIII) protein and protein kinase C-α (PKC-α) compared with the model group (P < 0:001). In
addition, the result showed that those proteins were likely involved in the regulation of the metabolic pathways of autoimmune
thyroid disease, Staphylococcus aureus infection, and NF-κB signaling pathway. Intestinal microbial studies showed that short-
chain fatty acid (SCFA) content was increased as well as the relative abundance of beneficial bacteria Akkermansia, Bacteroides,
and Paraprevotella, while the relative abundance of Ruminococcus and Oscillospira was decreased compared with the model group
(P < 0:001). The results showed that DZMP might play a beneficial role in immune regulation by improving intestinal flora.

1. Introduction

The immune system consists of immune organs, immune
cells, and immune molecules [1]. The immune system’s stress
response to external stimuli is considered as one of the impor-
tant defense strategies for the human body to prevent and fight
against foreign infections, inflammation, and cancer [2, 3].
Studies have shown that the main immunomodulatory mech-
anism of polysaccharides is to help the host form a strong
immune response by activating the host’s immune response
[4, 5]. Previous studies showed that polysaccharide from

Ganoderma atrum could significantly improve the immune
organ index [6], Epimedium brevicornu Maxim polysaccha-
rides could play an important role as immune adjuvant [7],
and Malus halliana Koehne flower polysaccharide can regu-
late the content of cytokines and enhance the immune func-
tion of immunosuppressed mice [8].

Intestinal flora belongs to a complex microecosystem,
which involves microbial interaction, nutrient metabolism,
immune function, and diseases [9, 10]. The metabolism of
the intestinal microbial community is closely related to the
health of the host, among which beneficial bacteria can
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regulate the absorption and utilization of nutrients in the
intestinal tract [11, 12]. In some disease areas, such as cancer,
colitis, and obesity, the adjuvant therapy of beneficial bacteria
plays a good regulatory role [13]. Besides, existing studies
showed that Fructus morji pectin polysaccharide and its
metabolites have beneficial effects on health by regulating
the growth of intestinal beneficial bacteria Bacteroides taio-
taomicron [14]. Short-chain fatty acids (SCFAs) are key fac-
tors to regulate the intestinal flora [15]. Studies showed that
SCFAs had important biological functions, including main-
taining energy; adjusting colon and intracellular pH; and reg-
ulating cell ion transport, proliferation, and gene expression
differentiation [16]. The concentration of SCFAs in the
cecum and colonic cavity can be significantly changed by
high-dose administration of Pleurotus eryngii polysaccha-
ride, and the gastrointestinal function can be regulated [17].

In these studies, many omics techniques such as prote-
ome, genome, and transcriptome have been used to study
the action mechanism of some natural products on diseases.
Proteomics technology focuses on the differences in the
expression level, quantity, and modification status of proteo-
mics among different experimental groups to identify the
specific proteins, which are related to disease diagnosis and
protein targets of drug therapy [18–21]. Wang et al. per-
formed 2D-DIGE gel electrophoresis analysis on the liver
proteins of mice from the normal group and the experimen-
tal group administrated with the Dendrobium huoshanense
polysaccharide, and identified 18 differentially expressed
proteins involved in glucose metabolism, amino acid metab-
olism, and other metabolic pathways [22]. Chao et al. com-
pared the protein expression profiles related to the
proliferation of mouse spleen monocytes before and after
the effect of total polysaccharide from Ganoderma spore,
and found out the target proteins with the functions of cell
survival and proliferation, cell activation and migration,
and cytoskeleton structure [23]. Wei et al. studied the Hedy-
sarum polybotrys polysaccharide on the immune function of
mice at the level of proteomics, and found out its significant
improvement effect on the protein expression profile of thy-
mus cells and the relationship of protein synthesis initiation
factor 4, carbolic anhydrase, reductase 6, and proteasome
with the thymus immune regulation in mice [24].

Cyclophosphamide (CTX), one immunosuppressive
agent in the clinic, is usually taken as a common chemother-
apy drug to decrease spleen index, lymphocyte proliferation,
and phagocytic cell activity [25]. At the same time, polysac-
charides are commonly used to improve the side effects
caused by this chemotherapy drug. For example, in the treat-
ment of intestinal tumor mice, carboxymethyl polysaccha-
ride can alleviate the adverse effects of chemotherapy drugs
and enhance the immunity of mice [26]. In addition, Astrag-
alus polysaccharide, Panax ginseng polysaccharide, Lentinula
edodes polysaccharide, and Ganoderma lucidum polysaccha-
ride have been widely used as adjuvant drugs in cancer
treatment.

The D. zibethinus rind is the husk of durian in Bombaca-
ceae, and current researches mainly focus on its surface
chemistry and adsorption function [27, 28]. Pharmacological
studies show that durian skin extract has cough-relieving,

bowel laxative, analgesic, antioxidant, and antibacterial activ-
ities [29–31]. Studies on the chemistry of DZMP mainly
focus on flavonoids. The results of our preexperiment found
that DZMP had an immunomodulatory effect.

Thus, in this paper, proteomics and intestinal flora were
used to investigate the immune effect of DZMP on an immu-
nosuppressed mouse model in vivo.

2. Materials and Methods

2.1. Materials and Chemicals. CTX (batch number:
19012825) was purchased from Jiangsu Hengrui Pharmaceuti-
cal Co., Ltd. Lentinula edodes polysaccharide tablets (batch
number: 1903010) was from Hubei Guangren Pharmaceutical
Co., Ltd. D. zibethinus rind was collected from supermarkets
in Kaifeng City, Henan Province, and identified by Professor
Changqin Li of The National Center for Edible Fungus Pro-
cessing Technology, Henan University. Then, the D. zibethi-
nus rind was chopped, dried, and used to extract the DZMP
following the procedure from a previous research [30].

2.2. Animal Experimental Design. A total of 60 SPF Kunming
mice (male, 20~22 g) were purchased from Henan Provincial
Laboratory Animal Center with the following license num-
ber: SCXK (Yu) 2017-0004. Before the experiment, these
mice were allowed to acclimate for 1 week (temperature:
25°C ± 2°C, lighting: 12 h light/12 h dark, and humidity:
40%~45%) before the experiment.

These mice were randomly divided into 6 groups: the
blank group (BC), the model group (MC), the positive con-
trol group (PC), the DZMP high-dose group (HD), the
DZMP medium-dose group (MD), and the DZMP low-
dose group (LD) (with 10 mice in each group).

The BC and MC groups were given normal saline at
0.1mL/10 g BW every day. In the PC group, Lentinula poly-
saccharide tablet, one common immunosuppression modu-
lator in the clinic, was administered at 3mg/kg BW by oral
gavage. The HD, MD, and LD groups were given DZMP
orally at 200, 100, and 50mg/kg BW, respectively, once a
day. All groups were treated for 21 days as described above.
On the 18th, 19th, 20th, and 21st days, the BC group was
intraperitoneally injected with normal saline, while the other
groups were modeled by intraperitoneally injecting with
CTX at 70mg/kg BW.

2.3. Sample Collection. After treatments, the rats were
weighed and fasted overnight (12–14 h). Blood was taken
from the eyeball, placed for 30min, centrifuged at 3500 g
for 10min, and then the serum was collected from the super-
natant and stored at -20°C until analyzed. The spleen and
thymus were taken and weighed for the organ index. Partial
spleens of mice were cut and rinsed with PBS for the antiox-
idant capacity of this organ. The livers of each mouse were
cut and stored at -80°C for later use in proteomics research.
The cecum of each mouse was removed, 0.3 g of cecal con-
tents were placed in a 4mL centrifuge tube, and then the
samples were stored at -40°C for SCFA determination. To
determine the bacterial flora, the cecal contents of 3 mice in
each cage were collected randomly and a total of 18 samples
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were stored at -80°C until (0.2 g/sample) taken for DNA
extraction.

2.4. Thymus Index and Spleen Index. The spleen and thymus
were taken, cleaned, and weighed. Spleen and thymus
indexes were calculated according to the following formulas:

Thymus index =
thymusweight mgð Þ
body weight 10 gð Þ ,

Spleen index =
spleenweight mgð Þ
body weight 10 gð Þ :

ð1Þ

2.5. Determination of Cytokine Content. The contents of IL-2,
IL-4, IL-6, and TNF-α were determined by ELISA kits.

2.6. Determination of Antioxidant Stress Ability. About 50mg
of spleen was taken for tissue homogenization, and MDA
content and CAT activity were, respectively, detected accord-
ing to the kit instructions. The activities of SOD and T-AOC
were examined according to the instructions of the kit. The
activity values of lactate dehydrogenase (LDH) and acid
phosphatase (ACP) were determined by microenzyme label-
ing and microplate method according to the instructions of
the corresponding kits, respectively.

2.7. Histological Evaluation. The thymus and spleen parts of
mice were rinsed and placed in 4% paraformaldehyde solu-
tion for 24 h. After that, they were dehydrated, embedded
in conventional paraffin, and sliced. Hematoxylin-eosin
staining was performed to the tissue slice for 5min, and then
dehydration was conducted. The slices were sealed with neu-
tral gum.

2.8. Proteomics Research. From the BC, MC, and HD groups,
9 mice were randomly selected from each group for their
livers. The liver tissues of every 3 mice were combined
together as one sample, and a total of 9 samples were
obtained for proteomics research.

2.8.1. Protein Extraction. The protein extraction procedure is
as follows: take 300-500mg of the liver tissue, add two steel
balls and lysate, place it on ice for 5min, and add dithiothre-
itol (DTT). Then, break and crack the tissue using a grinding
apparatus (power: 60Hz, time: 2min). After that, centrifuge
it at 25000 g and 4°C for 15min, and take the supernatant.
Keep on adding DTT, iodoacetamide, cold acetone, and
sodium dodecyl sulfate L3 (SDSL3) in turn to extract the pro-
tein and repeat the centrifugation. The protein solution
would then be obtained from the supernatant. Take 30μg
protein solution from each sample to determine the protein
concentration by the SDS-PAGE method.

2.8.2. Proteolysis. 100μg protein solution was added into a
1.5mL centrifuge tube. Dilute it with 0.5M triethyl ammo-
nium bicarbonate (TEAB) until the final sodium dodecyl sul-
fate (SDS) concentration in the protein solution was lower
than 0.1%. Add this into the solution of trypsin enzyme with
a 1 : 20 proportion of enzyme (μg) and substrate protein (μg).
After vortex oscillation, centrifuge it at low speed for 1min
and incubate it at 37°C for 2 h. After desalting the digested
peptide and freeze-drying it, the target peptides would be
obtained.

2.8.3. Peptide Labeling and Separation. Each tube with 2mg
isobaric tag (IBT) reagent was dissolved with 80μL isopropa-
nol and shaken for more than 1min to fully dissolve. After
enzymatic digestion and desalination, the peptide was dis-
solved in 0.2M TEAB solution at a concentration of 4μg/μL
and shaken for more than 1min to dissolve the peptide ade-
quately. 100μg of peptide and 80μL of IBT reagent were rap-
idly mixed and centrifuged, and the pH value should be
between 7.0 and 8.0. The peptide labeling operation was
repeated for each channel of IBT reagent, and each of them
was marked. Then, they were placed at room temperature
for 2 h to let the peptide label sufficiently. The Shimadzu
LC-20AB liquid phase system was used to separate peptides
of the samples through a Gemini C18 column (5μm, 4:6 ×
250mm).

2.8.4. LC Analysis. The extracted peptide samples were redis-
solved in mobile phase A (2% acetonitrile, 0.1% formic acid),
centrifuged at 20,000 g for 10min, and the supernatant was
taken for sample injection. Separation was performed using
the Thermo UltiMate 3000 UHPLC. The samples were first
enriched and desalted in a trap column, followed by a series
separation with a self-loaded C18 column (75μm inner
diameter, >3μm particle diameter, and 25μm column
length) in a series with an effective gradient elution proce-
dure at a flow rate of 300nL/min (Table 1). One mass spec-
trometer was located at the end of the nanoliquid phase
separation process.

Table 2: Effects of DZMP on immune organs in mice (n = 10).

Groups Thymus index (mg/10 g) Spleen index (mg/10 g)

BC 24:72 ± 4:47 20:89 ± 4:36

MC 6:40 ± 0:98∗∗∗ 8:87 ± 1:33∗∗∗

PC 9:74 ± 2:05## 11:87 ± 1:88##

HD 9:07 ± 2:07# 12:55 ± 1:97##

MD 6:59 ± 0:91 10:87 ± 1:94

LD 6:57 ± 1:32 10:06 ± 0:83

Compared with the BC group: ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05.
Compared with the MC group: ###P < 0:001, ##P < 0:01, and #P < 0:05.

Table 1: Chromatographic elution conditions.

Time/min 0-5 5-45 45-50 50-52 52-54 54-60

Mobile phase A (2% acetonitrile, 0.1% formic acid) 95% 75% 65% 20% 20% 95%

Mobile phase B (98% acetonitrile, 0.1% formic acid) 5% 25% 35% 80% 80% 5%
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2.8.5. MS Analysis.After the liquid phase separation, the pep-
tides were ionized by a nanoESI ion source and then trans-
ferred to Q Exactive HF-X (Thermo Fisher Scientific, San
Jose, CA) in tandem mass spectrometry for detection in a

data-dependent acquisition (DDA) mode. The main param-
eter was set as follows: the ion source voltage was set to
1.9 kV, the scanning range of primary mass spectrometry
was 350~1500 m / z with a resolution of 60,000, and the ini-
tial m/z of the secondary mass spectrometry was 100 m / z
with a resolution of 30,000. Under the condition of charge
from 2+ to 6+, the first 20 parent ions with the highest ion
peak, the strength of which were over 20,000, were classified
as the parent ions of the secondary fragmentation. Ion frag-
mentation mode was set in HCD, and fragment ions were
detected in Orbitrap. In addition, the dynamic exclusion time
was set to 30 s and the automatic gain control targets (AGCs)
of primary mass spectrometry and secondary mass spec-
trometry were to 3E6 and 1E5, respectively.

The work from extraction to analysis was done by the
BGI Group in Shenzhen.

2.9. Western Blotting. About 30mg of mouse liver was taken,
fully ground in RIPA lysate, and centrifuged at 4°C and
12000 rpm/min for 10min. The supernatant was taken and
the protein concentration was determined by BCA protein
quantitative assay kit (Solarbio). Both FcγRIII protein and
PKC-α were analyzed by this method.

2.10. SCFAs Were Determined by HPLC. The amount of 0.3 g
of the contents of cecum was dissolved into 1mL deionized
water, 5mL ether was added, and the aqueous phase at the
lower layer was discarded for extraction. The solution was
reextracted with 500L, 1M NaOH, followed by filtration
through a 0.22m filter after adding 100L HCl. The concen-
tration of SCFAs in cecal contents including acetic acid, pro-
pionic acid, and butyric acid was analyzed by a Shimazu LC-
20A HPLC with a C18 column according to previous
research [30].

2.11. 16S rRNA Sequencing. The combined cecal content
(200mg) was evaluated by Qubit® dsDNA BR Assay Kit for
DNA extraction. 30ng of qualified genomic DNA samples
were amplified in V3-V4 regions, and HiSeq platform was
selected for sequencing. The DNA extraction and sequencing
were carried out by the BGI Group in Shenzhen.

2.12. Bioinformatics and Statistical Analysis. The protein IBT
was quantified, and the identified protein and peptide seg-
ments were obtained by 1% false discovery rate (FDR) filtra-
tion (PSM level:FDR ≤ 0:01). Euclidean distance and a
hierarchical cluster method were used to cluster the differen-
tial proteins. The obtained differential proteins were

Table 3: Effects of DZMP on the content of cytokines (n = 10).

Groups IL-2 (ng/mL) IL-4 (pg/mL) IL-6 (pg/mL) TNF-α (pg/mL)

BC 2:67 ± 0:77 420:23 ± 51:51 78:93 ± 7:75 73:12 ± 11:18

MC 1:78 ± 0:08∗∗∗ 341:23 ± 17:90∗∗∗ 69:19 ± 3:82∗∗ 36:44 ± 9:06∗∗∗

PC 2:66 ± 0:06### 412:05 ± 47:39## 79:48 ± 6:56## 86:40 ± 2:39###

HD 2:63 ± 0:14### 392:63 ± 49:26# 79:49 ± 6:48## 99:83 ± 13:05###

MD 2:51 ± 0:12### 270:50 ± 35:41## 81:70 ± 6:92### 55:31 ± 8:90###

LD 2:42 ± 0:07### 274:37 ± 52:58## 73:51 ± 7:96 51:08 ± 5:25##

Compared with the BC group: ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05. Compared with the MC group: ###P < 0:001, ##P < 0:01, and #P < 0:05.

Table 4: Effect of DZMP on serum ACP and LDH activities (n = 10).

Groups ACP (unit/100mL) LDH (U/L)

BC 8:89 ± 0:95 1580:44 ± 72:08

MC 4:01 ± 0:69∗∗∗ 1468:21 ± 42:44∗∗

PC 6:75 ± 0:82### 1451:51 ± 79:53
HD 6:95 ± 1:20### 1560:86 ± 73:42#

MD 5:35 ± 1:09## 1541:97 ± 69:12#

LD 5:61 ± 1:01## 1448:96 ± 113:31

Compared with the normal group: ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05.
Compared with the model group: ###P < 0:001, ##P < 0:01, and #P < 0:05.

Table 5: Effect of DZMP on the activities of SOD and T-AOC in
serum (n = 10).

Groups SOD (U/mL) T-AOC (mg/mL)

BC 156:25 ± 3:98 0:51 ± 0:04

MC 79:34 ± 12:16∗∗∗ 0:32 ± 0:03∗∗∗

PC 150:90 ± 10:85### 0:48 ± 0:06###

HD 132:81 ± 3:36### 0:41 ± 0:06###

MD 119:05 ± 4:28### 0:37 ± 0:08#

LD 112:04 ± 5:52### 0:33 ± 0:03

Compared with the normal group: ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05.
Compared with the model group: ###P < 0:001, ##P < 0:01, and #P < 0:05.

Table 6: Effects of DZMP on CAT and MDA activities in the liver
tissues (n = 10).

Groups CAT (U/mgprot) MDA (nmoL/mgprot)

BC 18:50 ± 0:74 0:95 ± 0:08

MC 12:01 ± 0:90∗∗∗ 1:35 ± 0:09∗∗∗

PC 29:73 ± 0:79### 1:00 ± 0:05###

HD 22:81 ± 1:00### 0:99 ± 0:05###

MD 20:95 ± 1:12### 1:04 ± 0:06###

LD 19:00 ± 0:96### 1:21 ± 0:09###

Compared with the normal group: ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05.
Compared with the model group: ###P < 0:001, ##P < 0:01, and #P < 0:05.
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compared with the NR database, and GO functional annota-
tions were obtained. Besides, the KEGG Pathway Database
was used to analyze metabolic abnormalities.

Reads obtained from sequencing cecal contents were
spliced in pairs by FLASH software to get tags. After quality
screening, OTU clustering was conducted with 97% similar-
ity, and reference database Greengene was used for compar-
ison. The data was analyzed taxonomically by the Ribosomal
Database Program (RDP) classifier. Principal component
analysis (PCA) was also carried out on the basis of a similar-
ity coefficient matrix, and beta diversity comparison was per-
formed by QIIME (V1.80).

All results were presented as the means ± standard error.
Statistical significance was performed by SPSS 19.0 software
with a single-factor analysis of variance (one-way ANOVA).

3. Results

3.1. Effects of DZMP on Thymus Index and Spleen Index. In
Table 2, the spleen index and thymus index in the MC group

were significantly lower than those in the BC group
(P < 0:001) indicating that the model was successful. Com-
pared with the MC group, the thymus and spleen indexes
in the HD group were significantly increased (P < 0:01).
The thymus index of the MD group and the LD group was
higher than that of the MC group, despite at a nonsignificant
level.

3.2. Effect of DZMP on Cytokine Content in Mice. In Table 3,
the levels of IL-2, IL-4, IL-6, and TNF-α in the MC group
were significantly lower than those in the BC group
(P < 0:01), indicating that CTX could inhibit immune activ-
ity. The decreased levels of IL-2, IL-4, IL-6, and TNF-α in
mice induced by CTX were improved after the gavage of dif-
ferent doses of DZMP; the HD group especially had the best
effect, which was similar to that of the PC group. The results
showed that DZMP could improve immunity from the CTX-
induced immunosuppressive situation by regulating the level
of cytokines.

(a) (BC group) (b) (MC group)

(c) (PC group) (d) (HD group)

(e) (MD group) (f) (LD group)

Figure 1: Histopathological section of the spleen (400x).
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3.3. Effect of DZMP on the Activity of ACP and LDH in Mice.
In Table 4, the serum activities of ACP and LDH in the MC
group were lower than those in the BC group. After corre-

sponding treatments in the other groups, the activities of
ACP in all the other 4 groups were significantly increased
(P < 0:01) while LDH activities only in the HD and MD
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Figure 2: Intragroup and intergroup repeat experiment distribution.
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groups were significantly increased (P < 0:05). Among them,
the activities of LDH in the HD and MD groups as well as
ACP in the HD group were higher than that in the PC group.
The results indicated that DZMP could significantly enhance
the activity of ACP and LDH in mice.

3.4. Effect of DZMP on Antioxidant Capacity of Mice. In
Table 5, SOD and T-AOC in the MC group were signifi-
cantly lower than those in the BC group (P < 0:001), indi-
cating that the antioxidant capacity was successfully
inhibited by CTX. Both SOD and T-AOC activities showed a
close level among the PC, HD, and BC groups. Therefore,
compared with the MC group, administration with high-
dose DZMP could almost recover the activities of SOD and
T-AOC (P < 0:001). In addition, SOD activity in the MD
and LD groups was also increased significantly (P < 0:001).

In Table 6, compared with the BC group, CAT activity in
the MC group was significantly decreased (P < 0:001) and
MDA activity was significantly increased (P < 0:001), indi-
cating that the model was established. Compared with the

MC group, the CAT activity of the PC group fed with Lenti-
nula edodes polysaccharide tablets was the highest, followed
by the HD, MD, and LD groups, which were all significantly
higher than that of the MC group (P < 0:001). Meanwhile,
the MDA activities of these groups were significantly lower
than that of the MC group (P < 0:001) and the MDA content
of the HD group was as low as the PC group. Thus, DZMP
has antioxidant ability.

3.5. Effect of DZMP on Pathological Changes of Immune
Organs in Mice. In Figure 1, spleen tissues of mice in the
BC group were in normal shape, with no abnormal cell
arrangement, while there had been disordered cell arrange-
ment and a reduced number in the MC group. Compared
with the MC group, administration of DZMP in the HD,
MD, and LD groups increased the cell density and the cells
were closely and orderly arranged. This result indicated that
the DZMP could alleviate the injury of immune organs
caused by CTX.
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Figure 3: Statistical diagram of downregulated GO functional classification of differential proteins in the MC group and the HD group.
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Figure 4: Continued.
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3.6. Enrichment Analysis of Differential Protein Function.
There were a total of 9 samples with functional enrichment
of differential proteins, which symbiotically formed 718,399
secondary spectrograms. A total of 36,679 peptides and
6229 proteins were identified under the “1% FDR” filtration
standard. In Figure 2, the mean error value in the group
was 0.19 and the mean CV value between the groups
was 0.12. Moreover, the protein with a CV value less than
20% accounted for 87%, indicating that the biological
repeatability between the sample groups was good. The
differential proteins among different groups were screened
by differential multiples and significance. Based on the
functional enrichment analysis results of differential pro-
tein, it could indicate that FcγRIII and PKC-α mediate
the effect among multiples.

Cluster analysis was carried out for GO entries with sig-
nificant enrichment. In Figure 3, most of the differentially
expressed proteins in the MC group and the HD group were
in the biological process, cell component, and molecular

function, and the most significant differences were cellular
process, cell component, and binding, respectively.

The differentially expressed proteins in the HD and MC
groups were mainly involved in 20 KEGG pathways, and
about 10-45 differentially expressed proteins were involved
in each pathway (Figure 4(a)). Figure 4(b) shows that protein
upregulation was the majority in the top 10 enriched path-
ways. RichFactor is a parameter calculated by dividing the
number of annotated differentially expressed proteins into
all proteins identified in this pathway, and the higher the
RichFactor is, the greater the proportion of differential pro-
teins in the pathway is. In Figure 4, the four pathways, graft
versus host disease, type I diabetes mellitus, allograft rejec-
tion, and autoimmune thyroid disease, owned the highest
differential protein proportion, while Epstein-Barr virus
infection, phagosome, and tuberculosis were the pathways
with the highest number of different proteins. To analyze
the interaction among differential proteins, they were
imported into STRING, a protein interaction database, and
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Figure 4: Pathways of significant enrichment (a) and the relationship network diagram (b) of the HD and MC groups. The purple balls are
the top 10 enriched pathways, and the relative area of each ball is the richness of the corresponding pathway. The red balls and blue balls are
the upregulation and downregulation differential proteins, respectively.
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compared. The protein interactions ranking at the top 100 in
trustworthiness were plotted in Figure 5.

The proteins could participate in the various life activities
of the cell only when they are transported to the right places
after they are synthesized in the ribosome.WoLF PSORT and
PSORTb were used to predict the subcellular location of pro-
teins for eukaryotes and prokaryotes, respectively. In
Figure 6, the subcellular localization results of HD and MC
differential proteins reveal that the differential proteins were
more widely distributed in the nucleus (nucl), cell fluid
(cyto), extracellular fluid (extr), mitochondria (mito), and
plasma membrane (plas).

3.7. Protein Validation. The results of FcγRIII and PKC-α
protein in Figure 7 show that the protein expression in the
MC group was significantly lower than that in the BC group.
Compared with the MC group, the HD group significantly

increased protein expression and it was consistent with the
results of proteomics.

3.8. Evaluation of Microbial 16S rRNA Gene Sequencing.
After gene sequencing and data quality filtering, a total
of 2,301,428 high-quality readings were obtained, and
about 1143,329 tags were spliced together. These tags were
clustered into OTUs with 97% similarity, and a total of
756 OTUs were obtained. In Figure 8(a), the transverse
bend line was wider, and the line eventually tends to be
flat, indicating that the species composition in the tested
samples was abundant and uniform. In Figure 8(b), the
rising trend at the top of the OTU accumulation curve
was gradually stable, indicating that the amount of sam-
pling was sufficient to represent the community structure
of the sample community in this experiment, and follow-
ing data analysis was feasible.
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Figure 5: Network diagram of the differential protein interaction between the HD and MC groups.

10 Oxidative Medicine and Cellular Longevity



The microbial communities in different environments
have certain similarity and specificity in species distribution.
According to the OTU abundance information, Venn dia-
gram analysis was performed to compare the commonness
or uniqueness of OTUs between different groups. In
Figure 9, each group had its special community representa-
tion. Among them, the BC group and the HD group had
more specific OTUs than that of the MC group.

The analysis results of alpha diversity and beta diversity
are shown in Figures 10 and 11, respectively. In Figure 10,
the observed species index, Chao1 index, ACE index, and
Shannon’s index of the BC, LD, and MD groups were all
higher than that of the HD, MC, and PC groups. It indicated
that species richness was lower in the HD, MC, and PC
groups. Good’s coverage value of each group was higher than
99%, indicating that the sample library had a high coverage
rate and the sequencing results were reliable and feasible.
The similarity or difference of the composition of the sample
flora is presented by principal component analysis in
Figure 11(a). The results showed that the first principal com-
ponent accounting for 47.35% was contributed mainly by the

HD group. The results of hierarchical clustering
(Figure 11(b)) showed that the microbial communities of
each treatment group were close to each other on the whole,
while the MC group was far away from the HD group.

In order to better identify the community composition of
each sample, the taxonomic analysis of the microflora infor-
mation was carried out. In Figure 12, Firmicutes and Bacter-
oidetes were the two dominant bacteria groups in the
samples, accounting for about 85%~95% of all bacteria,
followed by Proteobacteria. Observation showed that the rel-
ative abundance of Firmicutes and Bacteroidetes in the BC
group (72.09%, 20.77%) was close to that of the correspond-
ing bacteria species in the MC group (74.36%, 20.71%), indi-
cating that the intra-abdominal injection of CTX had little
impact on the two dominant bacteria groups. In the HD
group, the relative abundance of Firmicutes decreased obvi-
ously (50.78%), while that of Bacteroidetes and Proteobac-
teria increased relatively (35.17%, 6.86%), compared with
the BC group.

The species information of all samples detected at the
genus level is plotted as a cluster heat map. In Figure 13,
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the two genera with the highest relative abundance were
Oscillospira and Prevotella, followed by Ruminococcus and
Bacteroidetes. The relative abundance of Proteobacteria in
the HD group was higher than that in BC group. At the same
time, the relative abundance of Bacteroides, Paraprevotella,
Akkermansia, Roseburia, CF231, Helicobacter, Sutterella,
and Coprobacillus in the HD group were much higher than
that in the MC group, while that of Ruminococcus and Oscil-
lospira in the HD group were lower.

3.9. Effect of DZMP on SCFA Content. In Figure 14, com-
pared with the BC group, the contents of acetic acid, propio-

nic acid, and butyric acid in MC were significantly reduced,
while the contents in the HD and PC groups were close to
that in the BC group and significantly higher than that in
the MC group. The results indicated that DZMP and Lenti-
nula polysaccharide had a strong influence on the SCFA
contents.

4. Discussion

Immune response is a series of immune reactions of the
immune active cells in the immune system, including recog-
nition of external stimuli as well as its activation,
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proliferation, and differentiation [32–34]. Immune organs,
including the thymus, spleen, and bone marrow, are impor-
tant for the proliferation and growth of human immune cells.
The changes of the thymus and spleen indexes can reflect
intuitively the immune function of the body, and the decline
of immune function usually accompanies with the shrinkage
of immune organs [35]. Previous studies have shown that
Citrus pericarp and Litchi pulp polysaccharides could signifi-
cantly improve the thymus and spleen indexes in mice [36,
37]. In this experiment, the thymus and spleen indexes of
mice were significantly decreased in the MC group, while
they were significantly raised after the treatment of DZMP
in the HD group, indicating that DZMP can alleviate CTX
damage to the thymus and spleen and enhance the immune
ability of the body.

Macrophages, an important type of immune cell, can
participate in the immune response and protect the nor-
mal operation of the body by identifying antigens, killin-
g/engulfing foreign pathogens, releasing cytokines, or
secreting cytotoxic molecules after being activated [38].
The activity of ACP and LDH can directly reflect the acti-
vation of macrophages [39, 40]. In this study, ACP and
LDH activities were significantly enhanced in the HD
and MD groups compared with the MC groups. The
results showed that DZMP could regulate the activities of

LDH and ACP in mice and activate macrophages to par-
ticipate in immune response. Previous studies have shown
that cytokines have multiple immune functions [41]. In
this experiment, IL-2, IL-4, IL-6, and TNF-α in the MC
group were significantly decreased, indicating that CTX
had an immunosuppressive effect, which was consistent
with the results of Tang et al. [42]. The Th1 and Th2 sub-
groups of mice can secrete IL-2 and IL-4, respectively, and
both IL-2 and IL-4 can promote the proliferation of T
cells [43, 44]. In addition, IL-4 can also promote the
expression of B cells, enhance the antigen presentation
ability of B cells, increase IgG1 and IgE levels, and make
the responses of immune system to antigen stimulation
[45, 46]. Gong et al. found that Bletilla baicalensis polysac-
charides could significantly enhance the levels of IL-2 and
IL-4 in immunosuppressed mice [47] which is similar with
the effect of DZMP in this paper. TNF-α and IL-6 are the
major cytokines in macrophages. TNF-α, as a proinflam-
matory cytokine, can directly kill tumor cells [48], while
IL-6 can promote the proliferation and differentiation of
lymphocytes [49], and both of them play important roles
in a variety of immune responses. The results of this
experiment showed that DZMP could significantly increase
the levels of IL-2, IL-4, IL-6, and TNF-α in serum of mice,
thus playing an immunomodulation role.
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The liver is an important metabolic organ with a strong
function of biotransformation [50]. The cytotoxicity of many
chemotherapeutic drugs in the metabolic process of the body
can easily cause organic damage to the liver as well as the
activities of metabolic enzymes [51–53]. CTX is mainly con-
verted into 4-hydroxycyclophosphamide and aldehyde phos-
phamide by CYP450 enzymes in the liver, and then
distributed throughout the body. After that, CTX can enter
target cells and alkylate DNA, generating strong cytotoxicity
[50, 54]. Clinically, polysaccharides are often used as adjuvant
drugs together with chemotherapy drugs to reduce their toxic-
ity, improve the body’s immunity, and strengthen the recovery
[55–57]. Polysaccharides usually have many pharmacological
activities, like multitargets and wide effects [22, 58]. For this
reason, proteomics technology was used for the expression
of proteins at the whole gene level, and IBT quantitative anal-
ysis for the key differential proteins, so as to provide analytical
basis for studying specific drug action protein targets and their
interactions. In this study, the differential proteins of

untreated, immunosuppressed, and DZMP-treated mice were
compared to find the protein targets.

The results showed that FcγRIII and PKC-α exerted reg-
ulatory effects on multiple pathways. FcγRIII consists of
CD16a and CD16b, expressed by FcγR NK cells, and some
other immune cells [59]. Both CD16a and CD16b can bind
to IgG, a monomer on target cells, which plays an important
role in the clearance of immune complexes and the function
of NK cells, respectively [60, 61]. Both of the subtypes can
rapidly undergo proteolysis when neutrophils and NK cells
are subjected to various stimuli, and fall off from the surface
of human white blood cells [62, 63]. Studies have shown that
CTX can enhance the phagocytic activity of macrophages to
treat tumors by upregulation of FcγRIII [64]. In this study,
compared with the MC group, the expression of the FcγRIII
receptor in the treatment group was significantly upregu-
lated, providing a theoretical basis for the function of DZMP
in the treatment of cancer. Protein kinase C (PKC) is a type of
multifunctional enzyme involved in the regulation of
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biochemical reactions by activating some enzymes in the
cytoplasm. Meanwhile, it also acts on transcription factors
in the nucleus and participates in the regulation of gene
expression. Das et al. evidenced that PKC participated in
the host protective immune response through the TLR2/PKC
signal crosshair by the pretreatment of a TLR2 agonist, an
Arabinosylated lipoarabinomannan (Ara-LAM), which
could significantly increase the expression of conventional
PKC in infected macrophages [65]. Mohammd et al. have
shown that the extract of PKC has a probiotic and immuno-
modulatory effect on rats and enhances the antioxidant
capacity of the rats’ liver [66]. There are three isoforms,
PKC-α, PKC-β, and PKC-θ, contributing to the nature of
lymphocyte-specific effector responses in vivo [67]. Take
PKC-α for example, acid phosphatase can activate its
immune-stimulating activity by phosphorylating it [68]. In
this study, the expression of PKC-α was increased in the
HD group of DZMP. The above results indicated that DZMP
might play a role in the immune regulation by upregulating
the expression of FcγRIII and PKC-α to regulate the drug
metabolism-related pathways such as autoimmune disease,
Staphylococcus aureus infection, and the NF-κB signaling
pathway.

The coexisting flora of the human gastrointestinal tract
constitutes a relatively stable microecosystem. Rehman
et al. proposed that the change of intestinal flora species
number was related to the abnormal immune function [69].
Many previous studies also showed that probiotics combined
with drugs could better treat gastritis, inflammatory bowel
disease, allergic asthma, and other diseases in children, and

enhance the immune function of the body [70]. Natural plant
polysaccharides are one type of probiotics, which has been
proven to regulate the physiological and immune functions
of the body as well as improve the structure and composition
of flora, and maintain the balance of intestinal microorgan-
isms [14, 67–74]. The results of this study showed that the
number of specific OTUs in the HD group was significantly
higher than that in the MC group and its alpha diversity
index is lower than that of the BC group, which revealed
the regulation effect of DZMP on the dominant bacteria in
the HD group.

In order to more accurately determine the changes in the
composition of the intestinal microflora, the related assess-
ments were carried out at different taxonomic levels. The
research results show that Firmicutes and Bacteroidetes are
two dominant bacteria, which promote polysaccharide
metabolism through carbohydrate enzymes and enable the
host to absorb and store energy [75, 76]. Turnbaugh et al.
showed that the relative abundance of Firmicutes to Bacteroi-
detes in the intestinal flora of obese mice increased while that
of Bacteroidetes decreased [77]. In our study, a high dose of
DZMP can significantly reduce the relative abundance of Fir-
micutes and increase the relative abundance of Bacteroidetes,
playing a beneficial regulatory role in the intestinal flora.

Plant polysaccharides also have beneficial effects on
microbial fermentation of carbohydrates, such as short-
chain fatty acids (SCFAs), which regulate body health [78,
79]. During the digestion of plant fibers, a particular genus
of bacteria (Roseburia) in the gut can produce butyrate,
which has been proven to be the main source of metabolic
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energy of large intestine cells, helping to maintain normal
metabolism of large intestine cells, control intestinal inflam-
mation, and support genomic stability [80, 81]. Propionate,
mainly produced by Bacteroides, a symbiotic bacterium in
the human intestinal tract, can reduce the degradation of
fat, the level of serum cholesterol, and the carcinogenic effect
of other tissues [81, 82]. Prevotella and Coprococcus can
degrade carbohydrates and polysaccharides to protect intesti-
nal health [83–85]. Prevotella is also involved in the synthesis
of multivitamins [86]. Akkermansia is a beneficial bacterium,
which can reduce the risk of obesity, diabetes, inflammation,
and other diseases, and maintain intestinal health [87–89]. In
this paper, compared with the MC group, the relative abun-
dance of Bacteroides, Prevotella, Coprococcus, and Akker-
mansia as well as the content of SCFAs in the HD group
were significantly increased, which were consistent with the
results of these mentioned study. Besides, Ruminococcus
which was known to produce the acetic acid and formic acid
and upregulate the barrier function of host intestinal epithe-
lial cells was downregulated after the treatment of DZMP in
this paper [90, 91]. Similarly, the relative abundance of Oscil-
lospira, which was directly proportional to health [92, 93],
increased in the MC group (consistent with the study of Tang
et al. [42]) and decreased after the treatment of DZMP in the
HD group (slightly higher than that in the BC group). All
these above results showed the balance effect of DZMP on
these intestinal florae in mouse intestinal tract.

5. Conclusion

DZMP can protect the immune organs of immunosuppres-
sive mice, improve the content of mice immune factors,
enhance the antioxidant capacity, change the content of
SCFAs, upregulate FcγRIII and PKC-α protein expression,
promote energy metabolism, balance the flora composition,
maintain intestinal health, and play a role of immune regula-
tion. Based on the results of this study, we will further explore
the targeting role of the polysaccharides in immune-related
metabolic pathways, and the regulation mechanism of probi-
otic Akkermansia on immunity.
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