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Immunomodulatory Effects of Eisenia bicyclis on Innate Immune Cells
in Acute Exercise-Stress Rat Model
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Abstract - In this study we investigated effects of supplementation with ethyl acetate extracts of the brown alga Eisenia
bicyclis on innate immune cells to evaluate the possibilities as an immunomoulator in exercise stress. Twenty male SD rats
were divided into four groups and the treatments were as follows: A, no Eisenia bicyclis extract (EBE) (200 mg/kg) intake
and maintained at rest ; B, no EBE intake and undergoing exercise ; C, EBE intake and undergoing exercise ; D, EBE intake
and maintained at rest. After 5 weeks of oral supplementation, rats were undergoing intensive swimming exercises for 2 h
and sacrificed to assess the effects on peritoneal macrophages, spleen cells and natural killer (NK) cells. We showed
increasing effects on nitric oxide-inducible nitric oxide synthase (NO-iNOS) production by macrophages and no effects of
NK tumoricidal activity and suppressive effects on spleen cell proliferation in exercise group. However, EBE supplementation
suppressed NO-iNOS production by macrophages and increased NK tumoricidal activity and spleen cell proliferative
response to mitogen in exercise group. Overall, these results that EBE supplementation has differential effects on innate
immune response and could be useful as sports nutrition.
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et al., 2010; Kang et al., 2004).

Introduction

The innate immune system represents the first line of
Marine environment has been the source of diverse life

defense against microorganisms as it promptly initiates a

forms that produce different biologically active compounds.

local inflammatory reaction. Macrophages and NK cells are

Metabolites from marine plants have been reported to have

important components of the innate immune system and may

outstanding biological activities and profound applications in

play an important role in protection against acute and chronic

nutraceuticals, cosmeceuticals, and pharmaceuticals. Eisenia

virus infections, early recognition of tumor cells, and tumor

bicyclis is a species of the kelp, a member of the brown algae

spread (Adams and Hamilton, 1984; Whiteside and Herberman,

group of seaweeds, best known for its use in Asia. Eisenia

1989).

bicyclis is high in calcium, iodine, iron, magnesium, and

Many studies have demonstrated that exercise induces

vitamin A as well as being a good dietary source for many

considerable physiological change in the immune system

other minerals. They also contain the storage polysaccharide

(Pedersen and Hoffman-Goetz, 2000). It has been suggested

laminarin, alginate, fucoxanthin and fucoidan with immuno-

that exercise represents a quantifiable model of physical

logical activities (Joe et al., 2006). It has been also known that

stress because many clinical physical stressors (e.g. surgery,

brown algae extracts closely linked to its protective properties

trauma, burn and sepsis) induce a pattern of hormonal and

against free radical attack and have anti-oxidant effects (Hu

immunological responses that have similarities to that of
exercise (Hoffman-Goetz et al., 1994; Madden and Felten,
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1995). Other studies show that several inflammatory cytokines
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can be detected in plasma during and after strenuous exercise

conducted according to the Code of Ethics for Animal

(Ostrowski et al., 1998a; Ostrowski et al., 1999). The

Experimentation of Semyung University. After 1 week

strenuous exercise induces an increase in the proinflammatory

acclimation, all rats were randomly divided into four groups

cytokines TNF-α and IL-1β and a dramatic increase in the

and the treatments were as follows: A, no EBE (200 mg/kg)

inflammation responsive cytokine IL-6. The presence of

intake and maintained at rest ; B, no EBE intake and

multiple cytokines (TNF-α, IL-1β, IL-6, IL-2 receptors, and

undergoing exercise ; C, EBE intake and undergoing exercise

IFN-γ) in urine after exercise shows that the expression of a

; D, EBE intake and maintained at rest. After 5 weeks for oral

broad spectrum of cytokines in response to exercise is

supplementation, rats were undergoing intensive swimming

possible (Sprenger et al., 1992).

exercises for 2 h and sacrificed to assess the effects on

To our knowledge, the immunomodulatory effects of EBE

peritoneal macrophages, splenocytes and NK cells.

on innate immune system are still unknown and the effects of
the EBE as sports nutrition for ameliorating acute exercise-

Chemicals

inducing inflammation has not been clarified yet in animal

Unless stated otherwise, all chemicals were purchased

studies. Therefore, in this study we focused on the immuno-

from the Sigma Chemical Co. (St Louis, MO). The RPMI

modulatory effects of EBE fraction on innate immune system

1640 medium and fetal bovine serum (FBS) were purchased

underlying exercise-induced immune system.

from GIBCO (Grand Island, NY). The XTT [2,3-Bis (2methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxan
ilide inner salt] cell viability assay kit was purchased from

Materials and Methods

WelGENE (Daegu, South Korea). All the tissue culture
reagents and ethyl acetate fraction from E. bicyclis were

Preparation of ethyl acetate extract
The fronds of Eisenia bicyclis were harvested from the

assayed for any endotoxin contamination using the Limulus

coast of Ulleung Island, East Sea, South Korea in June 2009.

lysate test (E-Toxate, Sigma), and the endotoxin levels were

Fresh Eisenia bicyclis was washed three times with tap water

found to be <10 pg/ml.

to remove salt and impurities, then dried at room temperature
for 3 days and stored at -20℃. The dried samples were

Nitrite determination

homogenized, using a grinder, before extraction. Dried Eisenia

Peritoneal macrophages were incubated in either medium

bicyclis powder (10 g) was dissolved in 70% methanol (200

alone or medium supplemented for 24 h and the accumulation

ml) and shaken for 24 h. After the extraction, the supernatant

of nitrite in culture supernatants was measured using the

was recovered by centrifugation (7000 rpm) at 4℃ for 30 min

assay system described by Ding et al., (1988). One hundred

and the methanol was evaporated using a rotary vacuum

micro litter aliquots of culture supernatants were mixed with

evaporator (Tokyo Rikakikai Co. Ltd., Tokyo, Japan). The

an equal volume of Griess reagent (mixture at 1:1 of naphth-

extract powder was suspended in distilled water and then

ylethylenediamine dihydrochloride and 1% sulphanilamide

partitioned with n-hexane, methylene chloride, and ethyl

in 5% H3PO4) and incubated at room temperature for 10 min.

acetate (EtOAc) in sequence. EtOAc fraction was evaporated

Nitrite concentration was calculated from a NaNO2 standard

and kept on -20℃ until used.

curve.

Experimental animals

Western blot analysis for iNOS gene expression

Male SD rats (n=24) were purchased from Joongang

The amount of iNOS was measured by Western blot

Experimental Animal Co. (Seoul, Korea) at 5 weeks of age,

analysis. After 24 h of incubation in 6-well plates, the

and the six animals were housed together in one cage in

macrophages were lysed in RIPA buffer (50 mM Tris-HCl,

controlled environment under a light-dark cycle (lights on at

pH 8.0, 150 mM NaCl, 1% Nonidet-P40, 0.5% deoxycholic

19:00 and off at 7:00). The experimental procedures were

acid, 0.1% sodium dodecyl sulfate). The protein concent-
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rations were measured using the DC Protein Assay (Bio-Rad

results of one representative experiment are shown. The

Laboratories, Hercules, CA). Twenty micrograms of each

results were expressed as means ± S.E.M. and analyzed

sample were electrophoresed on 10% SDS-PAGE gels

via ANOVA. The significant values are represented by an

and transferred to Hybond-ECL nitrocellulose membranes

asterisk ( p < 0.05).

*, #

(Amersham Biosciences, Piscataway, NJ). The membranes
were blocked with 5% skim milk in Tris-buffered saline/

Results and Discussion

Tween-20 for 1 h. The membranes were incubated with
primary antibody against iNOS for 24 h. They were then

In our pervious study, we showed that the supplementation

washed with Tris-buffered saline/Tween-20 once for 15 min

of EBE reduced body weight in exercise groups. Furthermore

and three times for 5 min, and were incubated with secondary

EBE has been known to have anti-oxidant effects and anti-

HRP-conjugated anti-rabbit antibody for 1 h. The membranes

inflammatory effects (Okada et al., 2004; Whitaker and

were then washed again as described above. Autoradiography

Carlson, 1975), thus we studied to evaluate immunomodulating

was carried out using an enhanced chemiluminescence kit

effects using innate immune cells to develop EBE as sports

(Amersham Bioscience).

nutrition.

Spleen cell proliferative response to mitogen (XTT assay)
A modification of the method reported by Mosmann et al.,
(1983) was used. The spleens were aseptically removed and
dissociated into a single-cell suspension in a culture medium.
5
Cells (5 x 10 cells) were incubated in the presence or absence

of the mitogens as follows: concanavalin A (ConA) at 4 μg/ml
for T cell activation and lipopolysacchride (LPS) at 10 μg/ml
for B cell activation. After incubation of cells for 24 h, 20 µl
of phenazine methosulphate (PMS; electron-coupling reagent)
and 25 µl of XTT was added to each well. The cells were
further incubated for 3 h to allow XTT formazan production.
The absorbance was determined with a microplate reader at
a test wavelength of 450 nm and a reference wavelength of
690 nm.

Since macrophages and NK cells activation in innate
immune system play an important role in the host defense
mechanism and NO is related to cytotoxicity and inflammatory
functions of macrophages and splenocytes (Bredt and Snyder,
1994; Hibbs et al., 1988), we examined the supplementation
effects of EBE on the production of intermediate regulatory
molecule, NO-iNOS by macrophages, NK cells tumoricidal
activity and splenocytes proliferative response to mitogen in
acute exercise-stress rat model. We showed increasing effects
on NO-iNOS production by macrophages and no effects of
NK cells tumoricidal activity and the suppressive effects on
proliferative response of splenocytes to mitogen in exercise
group. However, EBE supplementation in exercise group
recovered all these effects such as NO-iNOS production, NK
cells tumoricidal activity and the proliferative response of
splenocytes to LPS and ConA. Overall, these results suggest

NK cell tumoricidal activity
The NK cell tumoricidal activity was carried out in 96-well
plates at effecter/target cells ratio 50:1 (rat splenocytes:
4
Yac-1) with 1 x 10 of the target cells in a final well volume of

150 µl for 4 h at 37℃ in a 5% CO2 humidified incubator.
After incubation, 20 µl of PMS and 25 µl of XTT was added
to each well. The cells were further incubated for 3 h to allow
XTT formazan production. The absorbencies were determined
with a microplate reader at a test wavelength of 450 nm and
a reference wavelength of 690 nm.

that EBE supplementation has differential effects on innate
immune response and could be useful as sports nutrition.
As shown in Fig. 1A and Fig. 2, EBE enhanced NO-iNOS
production by macrophages, whereas NO production by
splenocytes was not altered (Fig. 1B). NO, one of the smallest
biological molecular mediators plays important roles in many
different aspects of mammalian biology, such as vascular
relaxation, neurotransmission, platelet aggregation and
immune regulation (Hemmi and Ishida, 1980; Hibbs et al.,
1988). Since NO is related to cytostatic or cytotoxic function
of macrophages against a variety of tumors (Hibbs et al.,

Statistical analysis
Each experiment was repeated at least two times, and the

1987; Keller et al., 1990), we examined the effects of EBE
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(a)

Proliferative Response to Mitogens ( OD )

Fig. 2. The inhibitory effects of EBE supplementation on the
expression of iNOS in peritoneal macrophages from rats by
Western blotting described in methods.

(b)
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Fig. 1. The effects of the EBE supplementation on the
production of NO by (A) peritoneal macrophages and (B)
splenocytes from rats. These results are means ± S.E.M of
quintuplicates from a representative experiment. #P<0.05:
significantly different from the untreated control group.
*
P<0.05: significantly different from the exercise group.

Fig. 3. Effect of the EBE supplementation on the splenocytes
proliferative response to mitogen. The splenocytes were
incubated in the presence of LPS (10 μg/ml) or ConA (4 μg/ml)
for 48 h, and the absorbance was measured at 570 nm. The
data is expressed as a means ± S.E.M of quadruplicates of
#
a representative experiment. P<0.05: significantly different
from the untreated control group. *P<0.05: significantly
different from the exercise group.

on the NO production from macrophages in exercise-stress

NO-iNOS production in exercise-stimulated macrophages.

rats. It is known that iNOS is expressed in many different cell

In the next experiment, to examine the effect of EBE on the

types and produces high levels of NO. It was produced in

splenocytes proliferative response to mitogen, XTT assays

high amounts by iNOS in activated macrophages, and then

were performed by stimulating splenocytes from experimental

excessive formation of NO plays a key role in inflammatory

rats with the mitogens, ConA or LPS for 48 h. To function in

response of macrophages. Therefore, over-activated macro-

adaptive immunity, rare antigen-specific lymphocytes must

phages have been known to produce various pro-inflammatory

proliferate extensively before they differentiate into functional

cytokines such as TNF-α, IL-1β, IL-6 and NO-iNOS that are

effecter cells of a particular immunogenic specificity. Most

plays an important roles in inflammatory response. Thus, we

studies on lymphocyte proliferation have used polyclonal

also determine the inhibitory effect of EBE on NO-iNOS

mitogens, which induce many or all lymphocytes of a given

production in exercise-stimulated macrophages. As shown in

type to proliferate in humans (Burleson et al., 1995). These

Figure 1 and 2, the supplementation of EBE decreased

studies indicate that the lymphocyte responses to the T-cell
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priming state which induced by exercise stress.
Collectively, the EBE supplementation inhibits the overproduction of NO-iNOS by macrophages and increased NK
cells tumoricidal activity and splenocytes proliferation to
mitogens in acute exercise-stimulated rats. These results
suggested that EBE supplementation has differential effects
on innate immune response and could be useful as sports
nutrition.
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