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Abstract The immunomodulating effect of Salicornia herbacea polysaccharides on BALB/c mice splenocytes was
investigated. Crude (CS) and fine polysaccharide (PS) extracts with potential biological activity were prepared from S.
herbacea. For in vitro experiments, splenocytes and separated T cells were treated with CS and PS (0.5, 1, 2, and 4 mg/mL).
For in vivo experiments, the CS and PS were orally administered to BALB/c mice every day for 2 weeks. For basic data
analysis, physiological parameters were recorded. Cell proliferation of splenocytes and T cells was used as an index for
immunomodulating activity. The proliferation of splenocytes and separated T cells was 3.2 and 3.5 times higher than the
control, respectively. Moreover, when splenocytes were treated with mitogen, the highest proliferation rate was observed in
splenocytes cultured with PS. Interestingly, the stimulative activity of PS was more strongly exerted through CD4+ T cells than
through CD8+ T cells.
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Introduction

Levels of obesity and the prevalence of adult diseases such
as cardiac disorders in the Korean population are rising due
to Westernized eating habits, environmental pollution, lack
of exercise, and increased stress. In response to this situation,
there is increasing interest in research on maritime plants in
the search for novel agents for health promotion and the
development of functional foods (1). As the role of maritime
plants in anti-cancer activity, immunomodulation, decreasing
blood sugar level, and controlling weight is becoming widely
known, these plants are attracting attention as possible sources
of physiologically active materials (2,3). Polysaccharides
such as schizophyllan and lentinan have been used for the
cancer prevention and chemotheraphy. Especially, lentinan
is being considered as a stimulator of cell mediated immunity
(4,5). This report focuses on the immunomodulating
activity of one of the more widely studied plants, Saliconia

herbacea. S. herbacea is an annual plant belonging to the
Chenopdiceae family that grows in the saltfields of the
south and west coasts of Korea and is called hamcho in
Korean. These plants not only have a high salt content, but
also contain plenty of natural minerals, 50% linolenic acid,
and 40% essential amino acids in comparison to their total
fatty acid or amino acid content. In addition, their high
dietary fiber content (50-70%) makes them effective at
preventing constipation. S. herbacea has been used in the
Orient in folk remedies to cure cancer, empyema, arthritis,
high blood pressure, lumbago, obesity, hemorrhoids, diabetes,
thyroiditis, asthma, bronchitis, and liver disorders (2,6-9);
however, systematic research on its activity is insufficient
at this time. Because of its diverse medicinal properties, S.

herbacea is expected to yield valuable therapeutic agents,
but much scientific research will be required due to the lack
of fundamental data regarding its physiological activity.

This study aims to clarify the effect of crude S. herbacea

extract and S. herbacea polysaccharides on immune cell
activation to validate their use as functional foods.

Materials and Methods

Materials Saliconia herbacea was harvested in the south
and west reclaimed land along the shore in Korea and
provided by Dasarang Ltd. (Sinan, Korea). S. herbacea

were dried and sliced, and the polysaccharides were
extracted by boiling in water for 3 hr under high pressure.
Crude polysaccharides of S. herbacea (CS) were collected
by filtration through filter paper (Whatman®; Whatman
International Ltd., Maidstone, England). Fine polysaccharides
of S. herbacea (PS) were purified using the protocol described
by Klarzynski et al. (10) with slight modification. The PS
was fractionated by filtration using Sephadex G-50 column
(200×15 mm) at a flow rate of 3.5 mL/min. The average
molecular mass of PS was measured by gel filtration
chromatography with phenol/sulfuric acid monitoring. The
CS and PS were freeze-dried using a freeze dryer (Clean-
Vac 24T; Biotron, Bucheon, Korea) to obtain powder and
stored at −4oC.

Animal care and treatment Experiments were performed
in specific pathogen free female BALB/c mice (Hyochang
Science Co., Ltd., Daegu, Korea) and used at 7-8 weeks of
age. Animals were maintained under constant temperature
(25oC) and a 12 hr light-dark cycle and were provided with
food and water ad libitum. Animal experiments were
performed in accordance with the Inje University Laboratory
Animal Ethics Commission guidelines for the care and use
of laboratory animals. The animals were divided randomly
into 4 groups (n=6 for each) according to the following
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experimental regimen. Group 1 was the normal control
group. Group 2 and 3 were given CS and PS, respectively.
The CS and PS were dissolved in distilled water (DW). All
CS and PS were orally administered in an injection volume
of 200 mg/kg body weight (BW). The concentration of the
CS and PS was determined according to the guideline
based on the LD50 and acute oral toxicity test of the
Environmental Protection Agency (EPA). Oral administration
was continued once a day throughout the experimental
period (2 weeks).

Effects of CS and PS on the mice orally administered
The body weight of animals was recorded every day. After
the experimental period, the animals were fasted overnight
and sacrificed by cervical dislocation under ether anesthesia.
The liver, kidney, thymus, and spleen were excised and the
weight of each organ was immediately recorded. Blood
samples were then collected in 0.5% ethylene diamine
tetraacetic acid (EDTA) as anticoagulant and used for
measurement of white blood cell (WBC), red blood cell
(RBC), and platelet (PLT) count and estimation of
hemoglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
and mean corpuscular hemoglobin concentration (MCHC).
Hematological values were determined using a Coulter cell
counter system (XE-2100; Sysmex Co., Hyogo, Japan).
Blood was also collected without anticoagulant and the
separated serum was used to assay aspartate transaminase
(AST) and alanine transaminase (ALT). All serum samples
were stored at −80oC until analysis and biochemical values
were determined using an automated analyzer (ADVIA-
2400; Siemens Co., New York, NY, USA). Spleens were
dissected under sterile conditions and homogenized in 5
mL RPMI 1640 medium supplemented with 10%(v/v)
fetal bovine serum, 5,000 units/mL penicillin, and 5,000
µg/mL streptomycin mixture (Invitrogen Co., New York,
NY, USA). The homogenate was centrifuged at 300×g at
room temperature for 5 min to remove debris. Erythrocytes
were lysed by addition of lysis buffer (BD Biosciences,
Calsbard, CA, USA) and the tube was gently shaken for 10
sec and recentrifuged. The supernatant was discarded and
RPMI 1640 was added to the pellet. Splenocytes were
counted and resuspended in RPMI 1640 at 5×105 cells/mL
for proliferation assays. Splenocyte suspensions (100 µL/
well) were added to flat bottom 96-well plates and
stimulated with concanavalin A (Con A) at 5 µg/mL or
lipopolysaccharide (LPS) at 15 µg/mL. Control cells were
cultured without addition of mitogen. Splenocyte cultures
were incubated for 24 or 48 hr at 37oC in a 5% CO2

humidified atmosphere (11). To measure cell proliferation,
20 µL CellTiter 96® Aqueous One Solution reagent
(Promega Co., Madison, WI, USA) was added to each
well, and the cells were incubated for a further 4 hr at 37°C
(12). The absorbance of each well at 490 nm was read by
a fluorescence multi-detection reader (Synergy HT; BioTek
Instruments, Inc., Winooski, VT, USA).

Cell culture and in vitro treatment with CS and PS
Splenocytes (5×105 cells/mL) were obtained from the
spleen of 7-8 weeks old female BALB/c mice as described
above. T cells were harvested on nylon wool columns
(Polysciences, Inc., Götingen, Germany). All cells were

cultured in RPMI 1640 medium. Cells were treated with
0.5, 1, 2, and 4 mg/mL CS and PS and incubated for 24 or
48 hr at 37oC in a 5% CO2 humidified atmosphere. All
experiments, including cultivation of cells, were performed
in triplicate. Proliferation of splenocytes and T cells was
measured using the MTS assay as directed by the CellTiter
96® Aqueous One Solution Reagent (Promega). Phenotypic
analysis of splenic lymphocytes (CD4+, CD8+) was performed
using a FACSCalibur (Flow Cytometry System; BD
Biosciences). For immunofluorescence staining, in vitro
stimulated splenocytes (2×107 cells/mL) were incubated
for 30 min on ice with phycoerythrin (PE) or fluorescein
isothiocyanate (FITC)-conjugated anti-mouse CD4, CD8
monoclonal antibody (BD Biosciences). After washing
with cold phosphate-buffered saline (PBS: 137 mmol
HEPES/NaOH, 140 mmol Na2HPO4, pH 7.4), cells were
immediately analyzed with a FACSCalibur flow cytometry
using Cell Quest software. Dead cells were excluded using
the viability marker propidium iodide (PI). A minimum of
10,000 events were assessed using log amplified fluorescence
signals and linear amplified side and forward scatter
signals.

Statistical analysis All experiments were performed in
triplicate. Data are expressed as mean±standard error (SE).
Statistical comparisons of results were made using analysis
of variance (ANOVA). Significant differences (p<0.05)
between the means of control and CS or PS treated cells
were analyzed by Student’s t-test.

Results and Discussion

Extraction and purification of CS and PS from S.

herbacea Crude polysaccharides (CS) were extracted
from S. herbacea and were approximately 10% of the
whole mass. Fine polysaccharides (PS) were serially purified
from CS by gel filtration chromatography (Fig. 1). The
average molecular weights of PS were determined to be
between 250 and 3,300 Da. Although composition analysis
of the polysaccharides has not been conducted yet, it has
been reported that S. herbacea contained approximately
46% polysaccharides and the average molar ratio of
galactose, glucose, and mannose was 5:1.5:1 (13).

Effect of oral administration of CS and PS on
physiological parameters of mice Analysis of hematological
and biochemical parameters provides an index that indicates
functional changes of the hematopoietic system and the
whole body and helps to determine the presence of
infection and disease. Hematological parameters of BALB/
c mice following treatment with S. herbacea extracts are
shown in Table 1. The most significant fluctuations were
observed in HGB, MCH, and MCHC. The RBC count was
higher in animals treated with CS (11.52) or PS (11.67)
than in control animals (10.58). The RBC indices, MCV,
MCH, and MCHC showed similar values, indicating an
increment in RBC size together with number (14).
However, the WBC counts were lower than those of other
studies (15). The WBC values of any one organism show
variations depending on the time and location of blood
collection, and can depend on the kind of analyzer (16).
The PLT values shown are lower than those of other
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studies (15). PLT counts can drop suddenly due to
coagulation of blood and can vary depending on the
analyzer. The PLT counts of PS animals (188.33) were
higher than those of control (166.00) and CS (178.33)
animals. As shown in Table 3, the spleen index of CS and
PS animals was inversely proportional to the PLT values of
the blood (1.057 and 0.972, respectively). These results
suggest that hypertrophy of the spleen causes the PLT
value in the spleen to increase and proportionally decrease
the PLT value in the blood. In serum biochemical analysis,
the AST value reflects liver disease along with hepatic cell
damage and necrosis and the ALT value reflects hypertrophy
and other conditions of the liver. The ALT value was
higher in animals treated with CS (68.33) and lower in
animals treated with PS (56.00) than that of control
animals (60.67) (Table 1). However, the differences in AST
and ALT values between the control and experiment
groups were not significant and the mean AST and ALT
values were within normal ranges. These results suggest
that animals treated with PS have a lower rate of
hepatotoxicity. Also, the biochemical findings demonstrate
that PS does not influence hepatotoxicity in any way. The
changes in weight of animals during the experimental
period are shown in Table 2. Although the change in
weight was not significantly different between the control

and experiment group, the weight of the experimental
group tended to increase during the experimental period. In
a previous study, when the amount of extract administered
increased, weight rate revealed a downward trend (17). We
observed the opposite result; however, the change in
weight recorded in our study may be due to dietary
conditions and the period of development. The weight of
internal organs of controls and each experimental group are
shown in Table 2. A slight, but not significant, difference
was observed between experimental and control groups.
The spleen weight index converts the weight of the spleen
into a standardized measure and is expressed as the ratio of
spleen weight to body weight. In graft versus host

Fig. 1. Gel filtration chromatography of fine polysaccharides
of S. herbacea (PS).

Table 1. Hematological and serum biochemical parameters of the mice orally administered with crude (CS) and fine (PS)
polysaccharides of S. herbacea

Item Unit Control CS PS

Hematology

WBC ×103/mm3 1)01.53±0.301) 1.78±0.36 1.69±0.23

RBC ×103/mm3 10.58±0.35 11.52±1.060 11.67±1.680

HGB g/dL 15.33±0.58 14.33±2.52* 17.60±1.30*

HCT % 54.20±2.65 55.10±3.660 57.03±2.470

MCV fL 51.50±0.96 50.27±1.830 50.33±2.830

MCH pg 16.17±0.40 12.41±1.14* 16.10±1.400

MCHC g/dL 31.68±0.81 26.70±1.48* 30.97±3.260

PLT ×103/mm3 166.00±22.07 178.33±71.020 188.33±46.090

Serum biochemistry

AST IU/L 118.00±6.560 110.67±30.090 116.33±11.240

ALT IU/L 060.67±13.01 68.33±16.04 56.00±10.54

1)Values are mean±SE (n=6); *Significantly different from control at p<0.05.

Table 2. Change of body weight and organ weight on the mice
orally administered with crude (CS) and fine (PS)
polysaccharides of S. herbacea

Control CS PS

Body weight

Initial 1)18.20±1.321) 18.70±1.29 18.3±1.29

Final 20.13±1.35 22.97±0.85 23.5±1.12

Organ weight

Spleen 0.077±0.006 0.097±0.021 0.095±0.021

Thymus 0.040±0.010 0.037±0.006 0.035±0.007

Liver 0.947±0.051 0.973±0.095 0.980±0.071

Kidney 0.300±0.010 0.300±0.010 0.310±0.010

1)Values are mean±SE (n=6).

Table 3. Spleen index of the mice orally administrated with
crude (CS) and fine (PS) polysaccharides of S. herbacea

Group
(200 mg kg/BW)

Spleen-weight index1) Spleen index2)

Control 1)0.423±0.0323)

CS 0.440±0.095 1.057±0.315

PS 0.404±0.090 0.972±0.127

1)Spleen weight (g)/body weight (g)×100.
2)Mean of (spleen-weight index) in test group/mean of (spleen-
weight index) in control group.

3)Values are mean±SE (n=6).
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reactions, the abnormal enlargement of the spleen indicates
positive reactions, which is defined as a spleen index
greater than 1.3. Moreover, the presence of abnormalities is
determined by comparing the spleen weight index of a
population with the control group index (18-20). The
spleen weight index and the spleen index of the control and
experimental groups are shown in Table 3.

Assessment of splenocyte proliferation The effect of
food intake on living bodies can be investigated by analysis
of internal organs or blood (21). Splenocytes are part of the
peripheral lymphatic system and are involved in the
initiation of immune reactions against antigens that
originate in the blood. The size and number of cells can be
used as a direct index and are therefore regarded as the
typical immune index (22). In our in vivo experiment, the
animals were divided into 2 groups; the experimental
group that received CS or PS, and a control group. After

measuring splenocyte proliferation, the mitogen Con A (5
µg/mL) or LPS (15 µg/mL) was added to each culture
well, and an equivalent volume of DW was added to the
control group. The proliferation of splenocytes isolated
from treated and control mice is shown in Fig. 2. LPS
specifically stimulates proliferation of B cells, whereas
Con A stimulates proliferation of T cells. The significantly
high proliferation was observed in splenocytes cultured
with Con A for 48 hr. Proliferation of splenocytes treated
with PS (59.5±0.81) was significantly higher than that of
splenocytes treated with CS (31.79±0.62). These results
suggest that administration of S. herbacea polysaccharide
strengthens cell-mediated immunity. The spleen, which
provides the major protective immune response against
antigens originating in the blood, is also the major lymphatic
organ where specialization of lymphocytes occurs (23).
Thus, proliferation of lymphocytes in the spleen plays a
vital role in the immune system. We measured the in vitro

Fig. 2. Effects of crude (CS) and fine (PS) polysaccharides of S. herbacea on the proliferation of splenocytes of mice orally
administered. A 100 µL of the splenocytes (5×105 cells/mL) was cultured with mitogen for 24 (A) and 48 hr (B). Significance was
determined using the Student’s t-test. *p<0.05 in control vs. PS of Con A and LPS treated, *p<0.05, **p<0.01. a)Proliferation (%)=(mean
of O.D. in test wells/mean of O.D. in control wells -1)×100.

Fig. 3. Effects of (CS) and fine (PS) polysaccharides of S. herbacea on the proliferation of mice splenocytes and T cells. (A)
Splenocytes were obtained from the spleen of BALB/c mice. (B) T cells were harvested onto nylon wool column. A 100 µL of the
splenocytes and T cells (5×105 cells/mL) was cultured with CS and PS. Significance was determined using the Student’s t-test in CS vs.
PS (*p<0.05, **p<0.01). a)Proliferation (%)=(mean of O.D. in test wells/mean of O.D. in control wells -1)×100.
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proliferation of splenocytes cultured with CS and PS (Fig.
3A). Proliferation was significantly higher in PS treated
cells (320.62±4.81) than in CS treated cells (205.01±3.18),
and increased with extract concentration in a dose-dependent
manner up to a concentration of 4 mg/mL for 24 hr. Our
results confirmed that polysaccharide from the S. herbacea

extracts stimulated splenocyte proliferation, which must
reflect proliferation of T cells. Therefore, T cells were
separated from the splenocytes, and the effect of PS extract
on their proliferation was examined. As shown in Fig. 3B,
PS treatment markedly induced proliferation of T cells in a
dose dependent manner. Proliferation was significantly
higher in PS treated cells (350.39±4.44) than in CS treated
cells (176.76±7.96) at 4 mg/mL treatment for 24 hr. The
adaptive immune responses consist of humoral immunity,
which is a B cell response, and cell mediated immunity,
which is a T cell response. Our results suggest that S.

herbacea polysaccharide stimulated splenocytes and T
cells, and induced cell proliferation, confirming that the
polysaccharide exerts its effect on cell mediated immunity.

Flow cytometric analysis To further study the effects of
PS on T cells, we performed phenotypic analysis of CD4+

and CD8+ populations of splenic lymphocytes (24,25).
Naive lymphocytes, which are cells that have not previously
been stimulated by antigen, are called small lymphocytes
by morphologists. In response to stimulation, resting small
lymphocytes become larger, and are called large lymphocytes,
or lymphoblasts. Two-color fluorescence analysis revealed
that the increase in CD4+ cell stimulation was due to
increased formation of CD4+ lymphoblasts (Table 4).
When forward scatter (FSC), a measure for cell shape
alterations was investigated, the average FSC value of
CD4+ cells which function as helper T cells within the
entire lymphocyte population was higher in the PS treated
cells (335.38) than in the CS treated cells (300.31) and
control cells (286.55). The FSC value increased in a dose
dependent manner up to a concentration of 4 mg/mL for 24
hr, and the rate of increase of the PS treated cells (15.43%)
was markedly higher than that of the CS treated cells
(3.17%). In contrast, the average FSC value of CD8+ cells,
which function as cytotoxic T cells, in PS treated cells, CS
treated cells, and control cells was 283.73, 276.59, and

262.84, respectively, showing only a limited increase after
PS (7.95%) and CS (5.23%) treatment. These results suggest
that the PS caused CD4+ cells of the lymphocyte population
to become lymphoblasts. This stimulating effect on CD4+

cells is expected to lead to an increased number of immune
cells. The CD4/CD8 ratio of lymphocytes cultured with CS
and PS (Table 4) was analyzed. The CD4/CD8 ratio was
the highest in PS treated cells (1.823) compared with CS
treated cells (1.593) and control cells (1.269) at 4 mg/mL
treatment for 24 hr. Further flow cytometric analysis using
the positive control of cells stimulated with Con A and
LPS confirmed that the S. herbacea extracts effectively
activated only cell mediated immunity. The average FSC
value of CS and PS treated lymphocytes was 491.82±2.34
in Con A treated cells and 305.96±4.97 in LPS treated
cells (data not shown). In conclusion, polysaccharide
induced proliferation of immune cells, splenocytes reflects
stimulation of cell mediated immunity related to T cells.
This study could be a useful foundation for the development
of novel immunomodulating agents from S. herbacea.
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