
Int J Clin Exp Med 2019;12(6):7047-7055
www.ijcem.com /ISSN:1940-5901/IJCEM0088363

Original Article 
Immunoenhancement of dried cod skin collagen  
Oligo-peptides on cyclophosphamide-induced  
immunosuppression in mice

Yifang Chen1, Wei Xie2, Chao Qu1, Jinjuan Zheng1, Songzhu Jin1, Honghua Li1, Haidan Li3, Guihua Jin1,  
Fanping Meng1, Dan Jin1

1Department of Pathogenic Biology and Immunology, Yanbian University, Yanji, China; 2Department of Ophthal-
mology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China; 
3Yanbian Haijiao Biotechnology Limited Company, Longjing, China

Received November 13, 2018; Accepted April 10, 2019; Epub June 15, 2019; Published June 30, 2019

Abstract: Collagen oligo-peptides may provide immune-enhancing, anti-hypertensive, lipid-regulating, antioxidant, 
cell-activating, and antitumor activities. In the current study, cod skin collagen oligo-peptides (CP) were orally admin-
istered in a mouse model of immunosuppression induced by cyclophosphamide (CTX). The aim was to evaluate the 
effects of CP on immunosuppression. Fifty male Kunming mice were divided into five groups with 10 mice in each: 
1) Control group (sterile physiological saline); 2) Model group (only CTX); 3) Low dose CP (low-CP) group (CTX + 300 
mg/kg·bw CP); 4) Intermediate dose CP (medium-CP) group (CTX + 600 mg/kg·bw CP); and 5) High dose CP (high-CP) 
group (CTX + 900 mg/kg·bw CP). In CP-treated groups, the mice orally ingested CP once a day for 11 consecutive 
days and received intraperitoneal injections of CTX on days 7-9. Control and model groups were orally administered 
with saline (0.1 mL/kg. bw) instead of CP. Compared with the model group, immunosuppressed (CTX-treated) mice 
in the high-CP group had higher spleen and thymus indices, peritoneal macrophage phagocytosis rates, delayed 
type hypersensitivity (DTH) responses, and serum hemolysin production. Additionally, mice in medium- or high-CP 
groups had balanced spleen T lymphocytes. Results in all three CP groups showed improved quantitative hemolysis. 
Current results suggest that CP could enhance both cellular immunity and specific humoral immunity in mice with 
CTX-induced immunosuppression.
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Introduction

The immune system plays a vital role in surveil-
lance and defense against pathogenic threats 
to the host, recognizing and removing foreign 
matter antigens [1]. These processes are car-
ried out via cell-mediated and/or humoral 
immune responses. A normally functioning 
immune system can prevent or fight off infec-
tions by pathogenic microorganisms, maintain 
body aging at a normal rate, clear away dead 
cells and target cells, and resist cancer cells 
[2]. In contrast, immune system imbalances 
can lead to immunodeficiency diseases, infec-
tious diseases, hypersensitivity diseases, auto-
immune diseases, and malignant tumors [3, 4]. 
At present, drugs used to treat immunodefi-
ciency diseases alter immune system function, 

either directly or indirectly. Unfortunately, many 
immunopotentiators, such as levamisole, inter-
feron, and transfer factor, which directly target 
the immune system and can improve host 
immunity, have some unbearable side effects, 
including allergies and fever. Furthermore, cur-
rently available drugs that indirectly target the 
immune system, such as vitamins, mineral ele-
ments, and trace elements, are insufficient in 
boosting host immunity enough to cure immu-
nodeficiency diseases [5]. Thus, it is particularly 
important to find a product that can enhance 
host immunity, displaying few or no side effects.

Many bioactive peptide development studies 
have shown that bioactive peptides can signifi-
cantly boost immune system function [6]. The 
biological activity of such peptides is mainly 
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reflected in enhancements of immune, anti-
hypertensive, anti-lipid, anti-oxidation, and/or 
growth activities, as well as in inhibition of 
tumor activity [7]. Dry cod skin collagen oligo-
peptide (CP) is an aquatic bioactive peptide. 
Previous studies have shown that this active 
peptide has more positively charged regions. 
These are beneficial for regulation of immune 
function via cytokine receptor binding, com-
pared to most other bioactive peptides, as a 
result of the unique living environment of 
aquatic animals [8, 9]. For example, studies by 
Yang and colleagues showed that chum salmon 
collagen hydrolysate can increase the number 
of CD4+ T-cells, enhance anti-inflammatory abil-
ities of the spleen, and protect spleen cells 
from apoptosis [10]. Ahn also demonstrated 
that salmon protein hydrolysates (SPHs) inhibit 
the inflammatory response of LPS-induced 
RAW264.7 macrophages [11]. However, there 
are no reports concerning the immunomodula-
tory ability of oligo-peptides extracted from dry 
cod skin. Based on the physiological character-
istics of this bioactive peptide, it was speculat-
ed that CP powder may regulate both humoral 
immunity and cellular immunity.

Cyclophosphamide (CTX) has been shown to 
negatively impact the immune system. 
Intraperitoneal injections of CTX can accelerate 
the immunological destruction of small tumors. 
However, it also simultaneously decreases the 
proliferation of all cells. Therefore, CTX treat-
ment is often used to construct immunosup-
pression models. The current study used a CTX-
induced immunosuppression mouse model to 
investigate the effects of CP powders on im- 
mune function in immunocompromised mi- 
ce.

Material and methods

Animals and experimental design

Male Kunming-mice, aged 8 weeks old and 
weighing 18-20 g, were purchased from Yan- 
bian University Laboratory Animal Center (Jilin, 
China). These mice were housed at 25 ± 1°C, 
with a 12-hour light/dark cycle and 50-60% 
relative humidity. They were given free access 
to food and water during the experiment. After 
being allowed to adapt to the experimental 
environment for 1 week, the mice were ran-
domly divided into five groups (10 mice each). 
From days 1 to 10, the mice were given the fol-
lowing treatments. Mice in the control group 

and model group (CTX-induced immunosup-
pression) were treated with a physiological 
saline solution. Mice in CP groups were treated 
with 300 (low-CP group), 600 (medium-CP 
group), or 900 (high-CP group) mg/kg·bw of CP 
daily. From days 7 to 9, mice in the model group 
or CP groups were given 100 mg/kg/d of CTX 
via intraperitoneal injections. At 24 hours after 
the last administration of CTX, the animals 
were weighed. They were then sacrificed via 
cervical dislocation. The spleen and thymus 
were excised from each mouse. Thymus and 
spleen indexes were calculated according to 
the following formula: index (mg/g) = (weight of 
thymus or spleen)/body weight.

Materials and reagents

CP was provided by Yanbian Haijiao Biote- 
chnology (Longjing, China). CTX and heparin 
sodium were obtained from Jiangsu Hengrui 
Medicine (Lianyungang, China). Moreover, 2,4- 
dinitrofluoroben (DNFB), acetone, and olive oil 
were purchased from Wengjiang Reagent (Sh- 
aoguan, China). Depilatory cream was purch- 
ased from Ventalis (Apotheke, Germany). Da- 
bkin’s reagent and guinea pig serum were pur-
chased from Gibco. Sheep red blood cells 
(SRBCs) were purchased from Nanjing Beisen- 
jia Biotechnology. Lipopolysaccharides (LPS) 
and WST-1 were purchased from Beyotime Bi- 
otechnology (Shanghai, China). APC-conjugated 
anti-CD4+ (anti-CD4+-APC), FITC-conjugated an- 
ti-CD3+ (anti-CD3+-FITC, PE-conjugated anti-CD- 
8a+ (anti-CD8a+-PE), Ficoll kit, and fixation 
reagents were purchased from eBioscience 
(San Diego, USA). 

Phagocytosis using peritoneal macrophages

Mice peritoneal cell exudates were harvested 
via peritoneal lavage using cold DMEM. These 
cells were then cultured overnight in DMEM 
with 10% fetal bovine serum (FBS) at 37°C in a 
humidified atmosphere of 5% CO2. On the sec-
ond day of culturing, all non-adherent cells 
were removed via washing with phosphate-
buffered saline (PBS). Adherent cells were then 
detached using trypsin with EDTA and seeded 
at a density of 1×105 cells/well in a 24-well 
plate with complete DMEM medium. After 2 
hours of culturing, all non-adherent cells were 
removed via washing with PBS. Next, 1 mL of 
0.1% neutral red was added. The cells were 
then washed again with PBS to remove excess 
dye. The incorporated dye was re-suspended in 
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ethanol (50%) containing glacial acetic acid 
(1%) and the absorbance (A) was translated 
into the phagocytic rate as follows: phagocytic 
rate = test A/normal control A × 100%.

DNFB-induced delayed type hypersensitivity 
(DTH)

Male Kunming-mice were split into groups of 
eight mice. From day 7 to day 8, an area of 
about 3×3 cm on the abdomen of each mouse 
was treated with depilatory cream, removing 
hair and exposing the skin. This area was then 
sensitized with 50 µl of a 1% DNFB solution, 
prepared by dissolving 50 µl of DNFB in 5 mL of 
acetone-olive oil (4:1). For five days after initial 
sensitization, each mouse was challenged with 
20 µl of 1% DNFB on both sides of the right ear. 
As a control measure, the left ear was chal-
lenged with the vehicle alone. Resulting ear 
swelling was expressed as the thickness differ-
ence between the right and left ear patches, as 
assessed using 8-mm punches taken following 
animal sacrifice via cervical dislocation at 24 
hours after the second challenge. 

Effects of CP on murine spleen and peripheral 
blood cell subset distributions

Spleen cells and peripheral blood lymphocytes 
were collected, according to instructions pro-
vided by the Ficoll kit. These cells were then 
incubated with monoclonal antibodies anti-
CD3+-FITC, anti-CD4+-APC, and anti-CD8+-PE 
for 30 minutes in the dark. They were washed 
three times with ice-cold PBS and re-suspend-
ed in fixation permeabilizing solution. At least 
10,000 cells were analyzed within 1 hour, using 
flow cytometry for each type of antibody st- 
aining.

Detection of serum hemolysin

On day 6, the mice were injected intraperitone-
ally with 20% SRBC (200 µl). Serum was col-
lected from these mice on day 11. It was then 
diluted 200-fold with saline. Moreover, 5% 
SRBC (0.5 mL), along with a 1:10 dilution of 
guinea pig serum (1 mL), was added to 1 mL of 
diluted serum. The samples were incubated for 
1 hour at 37°C. They were then put on ice to 
terminate the reaction immediately. Afterward, 
they were centrifuged for 20 minutes at 2,000 
rpm/min. Dabkin’s reagent (3 mL) was mixed 
thoroughly with 1 mL of the resulting superna-
tant, then incubated at room temperature for 
10 minutes. For a blank control, 1 mL of saline 

was used in place of the diluted serum sam-
ples. To represent half of the blood vessels of 
SRBC, 3.75 mL of Dabkin’s reagent was added 
to 5% SRBC (0.25 mL), mixed thoroughly, and 
incubated at room temperature for 10 minutes. 
Optical density levels of each tube were mea-
sured as the absorbance at a wavelength of 
540 nm. Serum hemolysin content is expressed 
as hemolysis (HC 50).

Quantitative hemolysis of spleen cells

On day 6, the mice were intraperitoneally inject-
ed with 20% SRBC (200 µl). On day 11, the 
mice were sacrificed. The spleens were used to 
prepare cell suspensions at a density of 2×106 
cells/mL. A 1:10 dilution (1 mL) of each spleen 
cell suspension was combined with 0.2% SRBC 
and incubated for 1 hour in a water bath at 
37°C. After incubation, the samples were cen-
trifuged and absorbances of the resulting 
supernatants were measured at a wavelength 
of 450 nm.

Proliferation of splenic B lymphocytes

Single-cell suspensions in DMEM medium (100 
µl/well of 4×103 cells/mL) were prepared in 
96-well plates from mice spleens. The cells 
were treated with B cell mitogen LPS (1 µg/ml, 
1 µl per well) and cultured for 48 hours at 37°C 
in an incubator containing 5% CO2. Following 
administration of 20 µl of WST-1 into each well, 
the cells were cultured at 37°C for 2 hours. 
Lymphocyte proliferation activity levels were 
detected via the absorbance, at a wavelength 
of 450 nm, using a microplate reader.

Statistical analysis

Data are expressed as mean ± standard devia-
tion (SD). Statistical differences between mean 
values were analyzed using SPSS for Windows, 
v. 24.0 (Chicago, USA). One-way analysis of vari-
ance (ANOVA) was used for data analysis. 
Intergroup comparisons were analyzed using 
Student’s two-tailed t-tests. Differences with a 
value of P < 0.05 are considered significant. 
Differences with a value of P < 0.01 are consid-
ered highly significant.

Results

Effects of CP on immune organ indices in im-
munosuppressed mice

Beginning the investigation into the effects of 
CP on immunosuppressed mice, this study first 
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high doses of CP). Results showed that both 
thymus and spleen indexes for the model group 
were lower than those for the normal group (P < 
0.01), indicating that immune function of the 
model group was impaired by CTX (Figure 1). In 
contrast, the thymus index of the high-CP group 
was 1.009, significantly higher than that of the 
model group (P < 0.05). Although thymus atro-
phy induced by CTX treatment was not signifi-
cantly ameliorated in the low-CP or medium-CP 
groups, compared with the model group, the 
thymus index gradually increased. Thymus size 
was gradually restored to control levels, as the 
dose of CP increased. Although none of the 
tested doses of CP significantly improved atro-
phy levels of the spleens, compared with atro-
phy levels in the model group, spleen indices of 
mice in all three CP groups trended to be higher 
than those in the model group. Spleen indexes 
also gradually increased as the dose of CP 
increased.

Effects of CP on rates of peritoneal macro-
phage phagocytosis in immunosuppressed 
mice

The current study used the neutral red uptake 
method to detect the effects of CP on phagocy-
tosis using mouse peritoneal macrophages. As 
shown in Figure 2, phagocytic rates displayed 
by peritoneal macrophages in mice were drasti-
cally reduced by CTX treatment. However, mac-
rophage phagocytosis rates were improved fol-
lowing treatment with low, medium, or high 
doses of CP. These rates increased in a CP 
dose-dependent manner. Of the five groups, 
the high-CP group had the highest peritoneal 
macrophage phagocytic rate. This rate was sig-
nificantly higher than that in all other groups, 
including the model group (P < 0.01) and nor-
mal group (P < 0.05). 

Effects of CP on DTH in immunosuppressed 
mice

Ear swelling induced by DNFB is commonly 
used to assess cellular immune function in 
immunosuppressed mice. As expected, the 
amount of ear swelling was remarkably lower in 
the model group (CTX-treated), compared with 
the control group (Figure 3; P < 0.01). Notably, 
compared with mice in the model group (ear 
swelling level of 0.012), DNFB-induced DHT 
mice in the high-CP group had significantly 
more ear swelling (0.088) (P < 0.05). 

Figure 1. Effects of CP on immune organ indices in 
CTX-treated mice. Control group, treated with saline; 
Model group, treated with CTX alone (100 mg/kg·bw); 
Low-CP dose group [CP (L)], treated with 300 mg/
kg·bw; Medium-CP dose group [CP (M)], treated with 
600 mg/kg·bw; and High-CP dose group [CP (H)], 
treated with 900 mg/kg·bw. Values shown are ex-
pressed as the mean ± SD (n = 10). *P < 0.05, **P 
< 0.01 vs. control group; #P < 0.05, ##P < 0.01 vs. 
model group.

Figure 2. Effects of CP on peritoneal macrophage 
phagocytosis. Control group, treated with saline; 
Model group, treated with CTX alone (100 mg/kg·bw); 
Low-CP dose group [CP (L)], treated with 300 mg/
kg·bw; Medium-CP dose group [CP (M)], treated with 
600 mg/kg·bw; and High-CP dose group [CP (H)], 
treated with 900 mg/kg·bw. Values shown are ex-
pressed as the mean ± SD (n = 10). *P < 0.05, **P 
< 0.01 vs. control group; #P < 0.05, ##P < 0.01 vs. 
model group.

compared thymus and spleen indices between 
control mice (treated with only saline), model 
mice (immunosuppressed by CTX treatment 
and treated with saline), and three groups of 
CP-treated mice (immunosuppressed by CTX 
treatment and treated with low, medium, or 
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Effects of CP on CD4+, CD8+, and CD4+/
CD8+ T lymphocytes from spleens and periph-
eral blood of immunosuppressed mice

To investigate the effects of CP on cellular 
immunity, splenocyte and peripheral blood lym-
phocyte immunophenotyping was conducted, 
using flow cytometry, by detecting the numbers 
of CD4+ and CD8+ T lymphocytes. As shown in 
Figure 4, percentages of CD4+ T lymphocytes 
and ratios of CD4+/CD8+ were lower and per-
centages of CD8+ T lymphocytes were higher in 
the model group, compared with the control 
group (P < 0.05). Additionally, percentages of 
CD4+ T lymphocytes were higher in the medi-
um-CP group, compared with the model group. 
Mice in the medium-CP group also had a signifi-
cantly higher CD4+/CD8+ ratio of 1.57. In con-
trast, percentages of CD4+ T lymphocytes and 
rates of CD4+/CD8+ in the peripheral blood 
were higher and percentages of CD8+ T lympho-
cytes were lower in the model group, compared 
with the control group. However, compared with 
the model group, low-CP and high-CP groups 
both had higher percentages of CD4+ T lympho-
cytes, higher ratios of CD4+/CD8+, and lower 
percentages of CD8+ T lymphocytes. 

Effects of CP on serum hemolysin, splenocyte 
quantitative hemolysis, and splenic B-lympho-
cyte proliferation in CTX-treated mice

In the current study, three indicators were used 
to explore the ability of CP to ameliorate spe-

cific humoral immune function in mice with 
CTX-induced immunosuppression. First, the OD 
value of serum hemolysin in the model group 
(mice treated with CTX) was lower than that in 
the control group (P < 0.05), suggesting that 
immune function was destroyed by CTX treat-
ment (Figure 5A). Notably, the high-CP group 
had a higher OD value of serum hemolysin, 
compared with the model group (P < 0.05). 
Based on the observed higher levels of serum 
antibody production in CP-treated mice, the 
humoral immune function of immunosup-
pressed mice was recovered by high dose CP 
treatment. Second, spleen cell quantitative 
hemolytic OD values in low-, medium-, and 
high-CP groups were significantly higher (P < 
0.01), compared with those in the model group. 
OD values of the three CP-treated groups were 
each about 1.2-fold higher than those of the 
normal group (Figure 5B). Present results sug-
gest that CP treatment significantly improves 
the capacity of splenic B lymphocytes in immu-
nosuppressed mice to produce antibodies. 
Third, the proliferation rate of splenic lympho-
cytes in the LPS-stimulated group was higher 
than that in the model group (P < 0.05) and 
CP-treated (low, medium, or high dose) groups 
(Figure 5C). Unexpectedly, proliferation rates of 
splenic B lymphocytes in CP-treated groups 
were not significantly different than those of 
the model group. However, lymphocyte prolif-
eration rates in CP-treated mice still trended 
higher than rates in the model group. 

Discussion

Immunopotentiators commonly induce obse- 
rved systemic effects, but the related mecha-
nisms of action remain unknown. The present 
study determined the effects of CP on immune 
function in immunosuppressed mice. Key find-
ings suggest that CP could both restore and 
enhance immune function after the murine 
immune system was suppressed by treatment 
with CTX.

The spleen and thymus are two important 
immune organs of mammals. The spleen is the 
center of humoral immunity and cellular immu-
nity. The thymus is the organ in which T-cells 
mature and participate in immune response, 
following cellular stimulation by antigens. Since 
immune organs can affect the development of 
immune function and the ability of the body to 
resist disease directly, immune organ indices 
can reflect the immune function of mice [12]. 

Figure 3. Effects of CP on DTH in CTX-treated mice. 
Control group, treated with saline; Model group, 
treated with CTX alone (100 mg/kg·bw); Low-CP dose 
group [CP (L)], treated with 300 mg/kg·bw; Medium-
CP dose group [CP (M)], treated with 600 mg/kg·bw; 
and High-CP dose group [CP (H)], treated with 900 
mg/kg·bw. Values shown are expressed as the mean 
± SD (n = 10). *P < 0.05, **P < 0.01 vs. control 
group; #P < 0.05, ##P < 0.01 vs. model group.
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Figure 4. Effects of CP on CD4+ and CD8+ T lymphocyte percentages and the ratio of CD4+/CD8+ from the spleen and 
peripheral blood. Control group, treated with saline; Model group, treated with CTX alone (100 mg/kg·bw); Low-CP 
dose group [CP (L)], treated with 300 mg/kg·bw; Medium-CP dose group [CP(M)], treated with 600 mg/kg·bw; and 
High-CP dose group [CP (H)], treated with 900 mg/kg·bw. Values shown are expressed as the mean ± SD (n = 5). (A) 
Counts of T lymphocytes from the spleen as determined by flow cytometry. (B-D) Percentages of CD4+ T lymphocytes 
(B) and CD8+ T lymphocytes (C) and the ratio of CD4+/CD8+ (D) in the spleen. (E) Counts of T lymphocytes from the 
peripheral blood as determined by flow cytometry. (F-H) Percentages of CD4+ T lymphocytes (F) and CD8+ T lympho-
cytes (G) and the ratio of CD4+/CD8+ (H) in the peripheral blood. *P < 0.05, **P < 0.01 vs. control group; #P < 0.05, 
##P < 0.01 vs. model group. 

Figure 5. Effects of CP on serum hemolysin, splenocyte quantitative hemolysis, and spleen B-lymphocyte prolifera-
tion in CTX-treated mice. Control group, treated with saline; Model group, treated with CTX alone (100 mg/kg·bw); 
Low-CP dose group [CP (L)], treated with 300 mg/kg·bw; Medium-CP dose group [CP(M)], treated with 600 mg/
kg·bw; and High-CP dose group [CP (H)], treated with 900 mg/kg·bw. A. Effects of CP on the level of serum hemo-
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lysin production in CTX-treated mice. Values shown are expressed as the mean ± SD (n = 10). B. Effects of CP on 
the splenocyte quantitative hemolysis. Values shown are expressed as the mean ± SD (n = 10). C. Effects of CP on 
spleen B-lymphocyte proliferation. Values shown are expressed as the mean ± SD (n = 5). *P < 0.05, **P < 0.01 
vs. control group; #P < 0.05, ##P < 0.01 vs. model group.

Current results suggest that CP can counteract 
the effects of CTX-induced immunosuppres-
sion on immune organs, especially when admin-
istered at a high dose.

Phagocytic cells are important components of 
non-specific immunity. These cells are divided 
into major phagocytic cells (monocytes, macro-
phages) and small phagocytic cells (neutro-
phils) [13]. Phagocytic cells perform chemotax-
is, conditioning, phagocytosis, and killing fun- 
ctions [14]. When immune function is inhibited 
by CTX treatment, these functions weaken or 
disappear. Thus, phagocytic function is com-
monly used in assessing the nonspecific 
immune status of animals. Specifically, because 
macrophages are the most important type of 
professional phagocyte, detection of macro-
phage function can help determine host non-
specific immune levels [15]. Results from the 
present study suggest that CP treatment signifi-
cantly enhances the phagocytosis of peritoneal 
macrophages and enhances nonspecific imm- 
une function in immunosuppressed mice.

DTH is a specific effector T lymphocyte-mediat-
ed cellular immune response [16]. When skin is 
contacted by an allergen, such as DNFB, the 
allergen can be combined with skin protein into 
a hapten. This can stimulate the proliferation of 
hapten-resistant T-cells that spread from the 
lymph nodes to the blood and tissues. Later, 
when the body is re-exposed to the same aller-
gen, hapten-sensitive T-cells promote the re- 
lease of pro-inflammatory cytokines that cause 
skin inflammation. A model of DTH can be used 
to assess T-cell-mediated cellular immune 
function in mice with CTX-induced immunosup-
pression. When the immune function of mice is 
inhibited, DNFB-induced DTH response and T 
lymphocyte-mediated cellular immune func-
tions are reduced, with a corresponding 
decrease in the degree of inflammation. Th- 
erefore, levels of ear swelling induced by DNFB 
are commonly used to assess cellular immune 
function in immunosuppressed mice. Current 
results suggest that treatment with CP can 
improve DTH in immunosuppressed mice and 
enhance the T lymphocyte-mediated cellular 
immune response.

T-cells play an important role in adaptive 
immune response and regulation of the immune 
system [17, 18]. Furthermore, cellular immune 
response is largely due to T-cell activation and 
effects. CD3+ T-cell levels can reflect the overall 
level of T lymphocytes. CD4+ and CD8+ T lym-
phocytes are two classes of T lymphocytes that 
are critical to the cellular immune system. Thus, 
percentages of CD4+ and CD8+ T lymphocytes 
and ratios of CD4+/CD8+ can be measured to 
evaluate cellular immune status [19, 20]. An 
increase in percentages of CD4+ and CD8+ T 
lymphocytes indicates an upregulation of 
immune response, whereas a decrease in 
these percentages suggests a weakening of 
the immune system [21]. Previous studies have 
shown that the number of T-cells and the pro-
portion of T lymphocyte subsets are very signifi-
cant indicators in assessing immune balance in 
the body [22]. Present results indicate that CP 
treatment can boost the cellular immunity of 
immunosuppressed mice by regulating spleen 
and peripheral blood T lymphocyte subsets.

Specific humoral immune responses are mainly 
mediated by B-cells [23]. Thus, the number of 
antibody-secreting cells and the ability to 
secrete antibodies can accurately reflect 
humoral immune function [24]. Results from 
quantitative assays of hemolysis induced by 
SRBCs could reflect the ability of antibody-
secreting cells. Measured serum hemolysin lev-
els reflect the amount of antibodies in the 
serum. Furthermore, LPS can stimulate the pro-
liferation of spleen B lymphocytes, which can 
reflect the proliferation ability of spleen B cells 
[25, 26]. Therefore, the present study used the 
above three indicators to explore the ability of 
CP treatment to ameliorate specific humoral 
immune function in mice with CTX-induced 
immunosuppression. Results of these assays 
suggest that the observed effects of CP treat-
ment may not be achieved by increasing num-
bers of splenic B cells and their proliferation 
ability, but rather by enhancing the antibody-
secreting ability of splenic B lymphocytes.

Conclusion

The current study demonstrated that CP prvides 
an immunomodulatory function. Treatment wi- 
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th this peptide was able to enhance both cellu-
lar immunity and specific humoral immunity in 
mice with CTX-induced immunosuppression. 
Moreover, due to the food-borne nature of CP, 
this peptide may have broad prospects for 
future development.
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