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Abstract. The aim of the present study was to investigate the 
effect of chitosan (a naturally derived polymer) on the immune 
responses and glutamic oxaloacetic transaminase (GOT), 
glutamic pyruvic transaminase (GPT) and lactate dehydroge-
nase (LDH) levels in WEHI-3 cell-generated leukemia mice. 
Mice were divided into control, WEHI-3 control, acetic acid 
(vehicle)-treated, and 5 and 20 mg/kg chitosan-treated groups. 
Mice were subsequently weighed, blood was collected, and 
liver and spleen samples were isolated and weighed. Blood 
samples were measured for cell markers, the spleen underwent 
phagocytosis and natural killer (NK) cell activity examina-
tion, and cell proliferation was analyzed by flow cytometry. 
Chitosan did not significantly affect the weights of body, liver 
and spleen at 5 and 20 mg/kg treatment. Chitosan increased 

the percentage of CD3 (T cells marker), decreased the levels 
of CD19 (B-cell marker) and CD11b at 5 mg/kg treatment, and 
decreased the levels of Mac-3 at 5 and 20 mg/kg treatment. 
Chitosan significantly increased macrophage phagocytosis of 
PBMCs, but did not significantly affect macrophage phago-
cytosis in the peritoneal cavity. Chitosan treatment did not 
significantly affect the cytotoxic activity of NK cells, and also 
did not affect T- and B-cell proliferation. Chitosan significantly 
increased total white blood cell numbers, and GOT and GPT 
activities were both significantly increased. However, chitosan 
did not significantly affect LDH activity in leukemia mice. 
Chitosan may aid in future studies on improving immune 
responses in the treatment of leukemia.

Introduction

Leukemia, a group of cancers, are originated from 
blood-forming organs or tissues. A large number of immature 
and abnormal white blood cells (WBCs) are produced by 
the bone marrow, and those cells result in anemia and cause 
patients to be more susceptible to infection (1). Leukemia is 
the most common form of cancer in children worldwide (2). 
Leukemia can be divided into i) acute lymphocytic leukemia 
(ALL) derived from immature T or B lymphocytes; ii) acute 
myeloid leukemia (AML) from immature myeloid cells; 
iii) chronic lymphocytic leukemia (CLL) from mature 
B-lymphocytes; and iv) chronic myelogenous leukemia (CML) 
from granulocyte precursors (3,4). In the USA, two most preva-
lent types of leukemia in children and adolescents are ALL 
and AML (5). In Western countries, CLL is the most common 
form of leukemia (6,7). Currently, studies have fostered the 
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development of novel drugs with different targets for leukemia 
patients. So far, the cure rate for leukemia is still unsatisfying 
and thus, treatments of leukemia remain a therapeutic chal-
lenge. The identification and development of novel agents from 
natural products to induce immune function is required.

Chitin (β-(1-4)-poly-N-acetyl-D-glucosamine), a natural 
agent, is the major component of shell exoskeleton from 
shrimp and crabs (8,9) and it can be converted to a deacetylate 
derivative termed chitosan, which is a linear heteropolysac-
charide composed of α-(1,4)-linked-D-glucosamine (GlcN) 
and GlcNAc (10). The hydrolyzed products of chitosan, such 
as D-glucosamine oligomers [chitosan oligosaccharide (COS)] 
are soluble in water (11) and they have been demonstrated to 
have anti-bacterial, anti-tumor and anti-oxidant effects (12-14) 
and drug delivery functions (15). It was reported that COS 
possesses inhibitory effects on degranulation and cytokine 
generation in rat basophilic leukemia cells in vivo (16). 
Pretreatment with water-soluble chitosan in human astrocy-
toma cells can lead to inhibition of secretion and expression 
of the pro-inflammatory cytokines, tumor necrosis factor 
(TNF)-α and interleukin (IL)-6 (17).

Previous studies have demonstrated that chitosan can 
affect inflammation in vitro; however, limited information is 
available regarding how chitosan affects immune responses 
in vivo (18,19). Therefore, in the present study, leukemia 
BLAB/c mice were generated with WEHI-3 mouse leukemia 
cells, and the immune responses were subsequently evaluated 
in vivo. Glutamic oxaloacetic transaminase (GOT), glutamic 
pyruvic transaminase (GPT) and lactate dehydrogenase (LDH) 
levels in mice following oral administration of chitosan were 
measured. The results indicated that chitosan increased levels 
of the cell markers cluster of differentiation (CD) 3, CD11b, 
CD19 and Mac-3, increased macrophage phagocytosis and 
natural killer (NK) cell activity, and affected GOT, GPT and 
LDH levels in leukemia BALB/c mice in vivo.

Materials and methods

Materials and reagents. Acetic acid, concanavalin A (Con A), 
dimethyl sulfoxide (DMSO), lipopolysaccharide (LPS) and 
YAC-1 cells were purchased from Sigma-Aldrich; Merck KGaA 
(Darmstadt, Germany). RPMI-1640 medium, fetal bovine 
serum (FBS), L-glutamine and antibiotics (penicillin-strepto-
mycin) were purchased from Gibco; Thermo Fisher Scientific, 
Inc. (Waltham, MA, USA). Antibodies against CD3, CD19, 
CD11b and Mac-3 were obtained from BD Biosciences (San 
Jose, CA, USA). Chitosan powder with molecular weight of 
~86,000 kDa (Koyo Chemical Co., Ltd, Osaka, Japan) was 
obtained from the National Taiwan University College of 
Medicine Animal Medicine Center (Taipei, Taiwan, Republic 
of China). It was dissolved in acetic acid, and 5 and 20 mg/kg 
solutions were separately suspended in 0.2 ml acetic acid at 
room temperature for 1 h before use (20).

WEHI‑3 cells. The WEHI-3 murine acute myelomonocytic 
leukemia cell line was purchased from the Food Industry 
Research and Development Institute (Hsinchu, Taiwan, 
Republic of China). Cells were cultured in 75 cm2 tissue 
culture flasks containing RPMI 1640 medium supplemented 
with 10% FBS, 2 mM L-glutamine and antibiotics (100 U/ml 

penicillin and 100 µg/ml streptomycin) and placed in a humidi-
fied atmosphere of 5% CO2 at 37˚C (21). Cells were allowed to 
re-equilibrate for 24 h prior to use.

Male BALB/c mice. Male BALB/c mice (age, 8 weeks; weight, 
22-25 g; n=50) were obtained from the National Laboratory 
Animal Center (Taipei, Taiwan, Republic of China). Mice were 
maintained in stainless steel mesh-bottomed cages with speci-
fied pathogen-free conditions in the animal center of China 
Medical University (Taichung, Taiwan, Republic of China) as 
in a previous study (22). All animals procedures were carried 
out following the institutional guidelines for animal welfare 
of China Medical University and were firstly approved by 
the Institutional Animal Care and Use Committee of China 
Medical University as described previously (21).

Treatment of animals with chitosan. BLAB/c mice were 
randomly separated into five groups (n=10/group). Group I 
were normal animals. Groups II-V were peritoneally injected 
with 1x106 WEHI-3 leukemia cells. Groups I and II received 
a normal diet as a control. Group III mice received a normal 
diet with acetic acid administered by oral gavage. Group IV 
mice received chitosan (5 mg/kg) in acetic acid (vehicle). 
Group V mice received chitosan (20 mg/kg) in acetic acid. 
Chitosan dissolved in acetic acid was administered by oral 
gavage individually to each mouse in groups IV and V every 
2 days for 15 days. All mice from each group were individual 
weighed during the oral treatment and after treatment, and all 
mice were weighed and sacrificed by euthanasia with CO2 as 
described previously (21).

Immunofluorescence staining for leukocytes surface markers. 
After treatment, all mice were weighed, blood were collected 
by cardiocentesis under general anesthesia using a disposable 
syringe with needle (20-gauge), and liver and spleens were 
dissected and weighed (23). Collected blood (1 ml/mouse) was 
lysed with 1X Pharm Lyse™ lysing buffer (BD Biosciences) 
to destroy red blood cells and leukocytes, as described previ-
ously (21). Following centrifugation at 1,500 x g for 15 min 
at 4˚C, white blood cells were collected and stained with 
phycoerythrin (PE)-labeled anti-mouse CD3 (BD553062; 
BD Biosciences, San Jose, CA, USA), PE-labeled anti-mouse 
CD19 (BD553786; BD Biosciences), fluorescein isothio-
cyanate (FITC)-labeled anti-mouse CD11b (BD553310; BD 
Biosciences) and FITC-labeled anti-mouse Mac-3 (BD553324; 
BD Biosciences) antibodies at 1:12 dilution of each for 30 min 
at 4˚C. All samples were analyzed by flow cytometry (BD 
Biosciences) and quantified using CellQuest software version 
5.2.1 (BD Biosciences), as previously described (21).

Measurements of macrophage phagocytosis. Macrophages 
were isolated from peripheral blood mononuclear cells 
(PBMCs) and the peritoneum of each mouse per group, 
as described previously (21). Macrophages were added to 
plates which contained 50 µl target E. coli-FITC, and mixed 
according to the PHAGOTEST® kit manufacturer's protocol 
(ORPEGEN Pharma GmbH, Heidelberg, Germany). Samples 
were then analyzed for phagocytosis using flow cytometry. 
Phagocytosis was quantified using CellQuest software version 
5.2.1 (BD Biosciences), as previously described (21).
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Measurements of NK cell cytotoxic activity. Splenocytes 
were isolated from each spleen per mouse as described 
pre viously (21). Splenocytes (1x105 cells/well) were seeded into 
a 96-well plate containing 1 ml RPMI-1640 medium. The target 
YAC-1 cells (2.5x107 cells) in 15 ml tubes and PKH-67/Dil.C 
buffer (Sigma-Aldrich; Merck KGaA) was added to cells in 
tubes according to the manufacturer' protocol, and were mixed 
thoroughly for 2 min at 25˚C. PBS (2 ml) was added to tube 
for 1 min, and 4 ml medium was also added to the tube and 

were centrifuged at 290 x g for 2 min at 25˚C. Approximately 
2.5x106 YAC-1 cells in 100 µl in serum-free RPMI-1640 
medium were seeded into 96-well plates containing spleno-
cytes (1x105 cells/well) for 12 h at 37˚C. After incubation, NK 
cell cytotoxic activity was measured by flow cytometry as 
described previously (21).

Measurements of T and B cell proliferation. Isolated 
splenocytes from each mouse were suspended in PBS 

Figure 1. Effects of chitosan on the appearance, and body, liver and spleen weights of WEHI-3 cell generated leukemia BALB/c mice. (A) Appearance of mice. 
(B) Body weight. (C) Images of livers and spleens. (D) Liver and (E) spleen weights. Data are expressed as the mean ± standard deviation of three independent 
experiments (n=10/group). *P<0.05, **P<0.01, ***P<0.001.
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and seeded into 96-well plates (100 µl; 1x105 cells/well) 
containing 100 µl RPMI-1640 medium. To measure T-cell 
proliferation, 0.5 µg/ml Con A was added to the cells to 
stimulate for 3 days. For B cell proliferation, 1 µg/ml LPS 
was added to the cells to stimulate for 5 days. At the end 
of stimulation, cell proliferation was measured using a 
CellTiter 96 AQueous One Solution Cell Proliferation Assay 
kit (Promega Corporation, Madison, WI, USA) as previously 
described (21).

Measurement of white blood cells (WBCs), and GOT, GPT 
and LDH levels of leukemia BALB/c mice after exposure to 
chitosan. All blood samples were collected from each mouse 
per group. Total WBCs were measured using flow cytometry. 
The levels of GOT and GTP were measured using liquiUV 
tests (aspartate aminotransferase and alanine aminotrans-
ferase, respectively), and LDH levels were also measured 
using a liquiUV test (Human Gesellschaft fur Biochemica 
und Diagnosica mbH, Wiesbaden, Germany), as described 
previously (24,25).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation from three independent experiments. Statistical 
comparisons between chitosan-treated and un-treated 
(control) groups were analyzed by Student's t-test. P<0.05 was 
conside red to indicate a statistically significant difference.

Results

Chitosan affects the weights of body, liver and spleen in 
leukemia BALB/c mice. WEHI-3 cells generated leukemia 
mice that were divided into 4 experimental groups: One 

positive control, one treated with acetic acid (vehicle) and the 
other two treated with chitosan at 5 and 20 mg/kg per 2 days 
for 15 days (total 7 times). Control mice (group I) were treated 
with a normal diet. The representative animals, body weights, 
liver and spleen weights are presented in Fig. 1, respectively. 
These results indicated that chitosan did not significantly 
affect the body weights and spleen weights of the animals, but 
it significantly increased liver weights when compared with 
the vehicle (acetic acid) treated group (Fig. 1D).

Chitosan affects cells markers of WBCs in leukemia BALB/c 
mice. After animals were divided into 5 groups and were 
treated with or without chitosan, blood samples were collected 
from each mouse per group. The levels of cell markers CD3, 
CD19, CD11b and Mac-3 from isolated cells were measured 
and the results are presented in Fig. 2, respectively. The results 
indicated that chitosan promoted CD3 (Fig. 2A) and CD19 
(Fig. 2B) at both dose of treatment, compared with acetic 
acid treatment only. However, chitosan decreased the levels of 
CD11b at 5 mg/kg (Fig. 2C) and decreased the levels of Mac-3 
at both doses (Fig. 2D) compared with the acetic acid-treated 
groups.

Chitosan affects macrophage phagocytosis in PBMCs and 
the peritoneal cavity of leukemia BALB/c mice. After treat-
ment, cells were isolated from PBMCs and the peritoneal 
cavity of each animal, and the percentage of macrophages 
phagocytosis was measured. Chitosan treatment at both doses 
(5 and 20 mg/kg) to leukemia mice did not significantly induce 
macrophage phagocytosis in the peritoneal cavity (Fig. 3A), 
but significantly increased it in PBMCs at both doses of treat-
ment (Fig. 3B).

Figure 2. Effects of chitosan on levels of cell markers in white blood cells from leukemia BALB/c mice. Blood was collected from all mice and was analyzed 
for (A) CD3, (B) CD19, (C) CD11b and (D) Mac3 levels by flow cytometry. Data are expressed as the mean ± standard deviation of three independent experi-
ments (n=10/group). *P<0.05, **P<0.01, ***P<0.001. CD, cluster of differentiation.
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Chitosan affects the cytotoxic activity of NK cells in leukemia 
BALB/c mice. YAC-1 cells were selected as targets for NK 
cells isolated from splenocytes, and the activities of NK cells 
were assayed by flow cytometry. The results indicated that 
chitosan did not significantly affect NK cells cytotoxic activity 

at both doses of treatment when compared with acetic acid 
treated groups (Fig. 4).

Chitosan affects T and B cell proliferation in leukemia BALB/c 
mice. Splenocytes were isolated from each mouse per group 
after treatment with or without chitosan, and were assessed by 
flow cytometry for T- and B-cell proliferation after stimulating 
with Con A or LPS, respectively. The lower dose of chitosan 
reduced B-cell proliferation (Fig. 5A); however, neither dose 
had any effect on T-cell proliferation compared with the acetic 
acid treated group (Fig. 5B).

Chitosan affects WBC number, and the activity of GOT, GPT 
and LDH in leukemia BALB/c mice. Blood samples were 
individually collected from animals of each group. Chitosan 

Figure 3. Effects of chitosan on macrophage phagocytosis from PBMCs 
and the peritoneal cavity of leukemia BALB/c mice. Blood samples were 
collected from mice then macrophages were isolated from (A) the peritoneal 
cavity and (B) PBMCs. Phagocytosis of macrophages was analyzed by flow 
cytometry. Data are expressed as the mean ± standard deviation of three 
independent experiments (n=10/group). ***P<0.001. N.S., nonsignificant; 
PBMCs, peripheral blood mononuclear cells.

Figure 4. Effects of chitosan on the cytotoxic activity of NK cells in leukemia 
BALB/c mice. NK cell cytotoxic activity was measured by flow cytometry. 
Data are expressed as the mean ± standard deviation of three independent 
experiments (n=10/group). N.S., nonsignificant; NK, natural killer.

Figure 5. Effects of chitosan on T and B cell proliferation in leukemia 
BALB/c mice. Isolated T and B cells were pretreated with concanavalin A and 
lipopolysaccharide to assess (A) B and (B) T cell proliferation, respectively, 
and the results were analyzed by flow cytometry. Data are expressed as the 
mean ± standard deviation of three independent experiments (n=10/group). 
***P<0.001. N.S., nonsignificant.
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at both doses of treatment significantly decreased total WBC 
numbers compared with the acetic acid group; however, 
20 mg/kg chitosan resulted in a greater decrease in cell 
numbers compared with 5 mg/kg (Fig. 6A). There was a similar 
trend in GOT (Fig. 6B) and GPT (Fig. 6C) activity-both doses 
significantly increased their activities, and the greatest effect 
was observed at 5 mg/kg. High doses of chitosan induced lower 
LDH activities compared with low dose treatment (Fig. 6D). 
Both doses of chitosan treatment were reduced compared with 
acetic acid treatment only.

Discussion

Previous studies have demonstrated that the hydrolyzed products 
of chitosan (chitosan oligosaccharide) have biological activities, 
but the majority of these studies are in vitro or treated in animals 
via intravenous or intraperitoneal administration (26-28). In our 
primary studies, chitosan was demonstrated to have hypolipid-
emic effects which partly involved the suppression of intestinal 
lipid absorption and hepatic acyl coenzyme A:cholesterol 
acyltransferase-2 expression (29), and chitosan slowed down the 
rate of tumor growth; however, it did not inhibit tumor forma-
tion (29). So far, there is no available information on if chitosan 

affects immune responses in leukemia mice. Therefore, in the 
present study, WEHI-3 mouse leukemia cells were used to 
generate murine leukemia in BALB/c mice, and mice were then 
randomly divided into 4 groups, including mice with a normal 
diet, and others treated with acetic acid (vehicle) or oral treat-
ment of chitosan at 5 and 20 mg/kg. Each animal was weighed 
throughout treatment. All blood samples and liver and spleen 
tissues were collected under anesthesia for further measuring 
levels of CD cell markers, macrophage phagocytosis, NK cell 
activities and T and B cell proliferation. Blood samples also 
measured the total WBC number, and the activity of blood 
GOT, GPT and LDH.

These results indicated that chitosan did not significantly 
affect the body weights and spleen weights of the animals. 
Liver weights, however, were affected. After assessing cell 
markers, it was demonstrated that chitosan increased the 
population of surface markers such as CD3 and CD19, but 
decreased the levels of CD11b at the 5 mg/kg dose level, and 
decreased the levels of Mac-3 at both doses. These observa-
tions indicated that chitosan may affect cell populations, such 
as T and B cells, and monocytes and macrophages. Therefore, 
the present study also examined T and B cell proliferation after 
stimulation with Con A or LPS, respectively, from isolated 

Figure 6. Measurement of total WBCs, GOT, GPT and LDH activity of leukemia BALB/c mice after exposure to chitosan. (A) WBC numbers,  
and (B) GOT, (C) GPT and (D) LDH levels. Data are expressed as the mean ± standard deviation of three independent experiments (n=10/group). *P<0.05, 
**P<0.01, ***P<0.001. GOT, glutamic oxaloacetic transaminase; LDH, lactate dehydrogenase; GPT, glutamic pyruvic transaminase; WBC, white blood cell.
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splenocytes from each group of mice. The results indicated that 
chitosan at 5 and 20 mg/kg did not significantly affect T-cell 
proliferation; however, at low doses of treatment, decreased 
B-cell proliferation. Furthermore, chitosan treatment at both 
doses significantly decreased WBC numbers compared to 
acetic acid treatment only. In human immune responses for 
against invading foreign antigens, T and B cells, monocytes 
and macrophages serve critical roles, and macrophages are 
responsible for phagocytosis to destroy antigens (30), and 
serve important roles in innate immunity (31,32). Thus, it is 
well known that agents increase immune responses, and one 
hallmark is increased macrophage phagocytosis.

After treatment of each group mice, cells were isolated 
from PBMCs and the peritoneal cavity of each animal, and 
macrophage phagocytosis was subsequently measured. 
Chitosan treatment at 5 and 20 mg/kg significantly increased 
macrophage phagocytosis, but did not significantly affect 
macrophage phagocytosis in the peritoneal cavity. It was 
reported that macrophage lineage is heterogeneous (33), and the 
location and inflammatory environment can affect their func-
tion and activation (34). Chitosan downregulates expression of 
pro-inflammatory markers (CD86 and major histocompatibility 
complex II) from macrophages, decreases pro-inflammatory 
cytokines (TNF-α), but increases anti-inflammatory cytokines 
(IL-10 and transforming growth factor-β1) (35,36). Chitosan 
may be useful in the prevention or treatment of periodontal 
inflammation (37). NK cells also serve an important role in 
innate immunity especially during the early phase of immune 
responses against certain viruses, parasites and microbial 
pathogens (38). The results of the present study indicated that 
chitosan did not significantly affect NK cells cytotoxic activity 
at both doses of treatment, when compared with acetic acid 
treated groups. Therefore, further investigations are required 
to confirm associated immune responses from chitosan.

The levels of GOT, GTP and LDH were measured from 
blood sample of each animal from each group, and the results 
indicated that chitosan at 5 and 20 mg/kg treatment signifi-
cantly increased GOT and GPT levels; however, 5 mg/kg 
increased higher levels than 20 mg/kg treatment. In serum, 
high levels of GPT and GOT which reflect the developments 
of hepatic cell destruction are closely associated with hepa-
titis (39). Both doses of chitosan did not significantly increase 
the levels of LDH activities, which were lower than acetic 
acid-treated mice only. In patients with abdominal trauma, 
abnormal hepatic transaminase and LDH levels are associated 
with liver injury (10). The degrees of deacetylation, molecular 
weight, viscosity, and pKa may be involved in the great 
varia bility observed in chitosan treatment (10). Thus, further 
investigations are required in the future.

In conclusion, the present study demonstrated that chitosan 
modulates immune responses, potentially via T and B cell 
populations and increase of macrophage phagocytosis in the 
blood that may offer evidence for the function of chitosan in 
leukemia patients in the future.
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