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Synergistic anti-inflammatory effects of Laminaria japonica fucoidan
and Cistanche tubulosa extract
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The anti-inflammatory effects of fuciodan and Cistanche tubulosa (CT) extract were investigated in vitro
macrophage culture system and in vivo carrageenan-induced air pouch inflammation model. CT extract
inhibited nitric oxide production from activated RAW 264.7 macrophage cells, while fucoidan was
inactive. In vivo air pouch inflammation model, carrageenan-induced vascular exudation and increased
nitric oxide and prostaglandin E, concentrations in the exudates were synergistically suppressed by co-
administration of fucoidan or CT extract. Moreover, tissue inflammation was substantially attenuated by
the combinational therapy. However, there was no synergistic effect against the inflammatory cell
infiltration, although fucoidan and CT extract each markedly reduced the cell numbers. Therefore, it is
suggested that fucoidan blocks infiltration of inflammatory cells, while CT extract inhibits activation of the
cells, and that their combinational treatment could be a promising candidate for the relief of various

types of inflammation.
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As an immune response against foreign antigens,
macrophages release pro-inflammatory cytokines such
as tumor-necrosis factor-o. (TNF-a), interleukin-1 (IL-
1B), IL-6 and others [1,2]. Such cytokines induces
chemotactic of granulocytes, monocytes,
lymphocytes, and mast cells to damaged tissue that
promotes antigen removal and tissue recovery [3,4].
However, excessive infiltration and activation of the
cells aggravates tissue injuries, leading to edema
(vascular exudation) and pain which are well-known
phenomena of inflammation.

TNF-a is an important factor for inducing nitric oxide
synthase (iNOS) gene expression in several cell lines.
iNOS activation leads to nitric oxide (NO) production

influx
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[5-7] that not only modulates several physiological
functions such as bactericidal and vasodilatation, but
also causes inflammation [8,9]. After tissue injury,
degradation by phospholipases of cell membrane
phospholipids generates arachidonic acid. Arachidonic
acid is further decomposed by cyclooxygenase (COX) to
prostaglandins (PGs) [10]. Excessive amount of PGE,
formed by COX-II induces several cytokines for
inflammation. Since both NO and PGE, act as major
factors for inflammation and pain induction, TNF-0—NO
and COX-II-PGE, pathways are main streams of
inflammatory  process, which are inhibited by
corticosteroids and non-steroidal anti-inflammatory
drugs (NSAIDs), respectively [10,11].
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Even though there are several steroids and NSAIDs
for the therapy of inflammatory diseases, these drugs
may give rise to adverse effects on the immune system,
gastrointestinal tract, kidneys, liver, central nervous
system, blood pressure and cardiovascular system [12-
14]. Therefore, it is necessary to minimize the adverse
effects of chemical therapeutics by replacing them or
using in combination with natural products.

Fucoidan, sulfate polysaccharide complex from
seaweeds such as Laminaria japonica and Cladosiphon
okamuranus widely distributed in many countries, has
been used as therapeutics in Oriental medicine for long
period. In previous studies, it has been demonstrated that
fucoidan has anti-oxidative, anti-coagulative, anti-cancer,
and anti-inflammatory activities [15,16]. Accordingly,
the beneficial effects of fucoidan on inflammatory
diseases, ischemia, immune dysfunction and tumors are
attracting investigators’ attention [17,18]. On the other
hand, Cistanche tubulosa (CT) has also been widely
used for traditional medication in China. It was reported
that CT extract lower the production of TNF-4 and IL-
4 that are major factors for NO production in
inflammatory pathway [19].

Such previous findings led us to investigate the
combinational efficacy of fucoidan and CT extract on
the 2 major pathways of inflammation. In order to
elucidate the mechanism of action, we analyzed NO and
PGE, in the exudates from carrageenan-induced air
pouch inflammation [20].

Materials and Methods

Materials

Semi-purified fucoidan and water extract of CT were
obtained from Misuba RTech Co., Ltd. (Asan, Korea).
Fucoidan and CT extract were kept at 4°C, mixed (1:3)
and dissolved in purified water before use, and orally
administered in a volume of 5 mL/kg.

Cell culture and NO quantification

The murine macrophage RAW 264.7 cell line was
purchased from the American Type Culture Collection
(Manassas, USA), and cultured in Dulbecco’s modified
Eagle’s medium (Sigma, St. Louis, USA) containing
10% fetal bovine serum and antibiotics [100 U/mL
penicillin (Sigma) and 100 pg/mL streptomycin (Sigma)].
The cells were incubated in a humidified 5% CO,
atmosphere at 37°C.
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To assess the effects of fucoidan and CT extract on the
secretion of NO, RAW 264.7 cells (1x10° cells/mL)
were incubated with fucoidan or CT extract (1-320 pg/
mL) for 5 min, followed by interferon-y (IFN-y, 10 U/
mL) and lipopolysaccharide (LPS, 10 pg/mL) for 24
hours. In our preliminary studies, it was confirmed that
treatment with IFN-y plus LPS for the activation of
RAW 264.7 cells did not affect viability of the cells up
to 24 hours, and that fucoidan and CT extract were not
cytotoxic up to 1 mg/mL. The concentration of nitrite
(NO,), the oxidized product of NO, was measured as an
indicator of NO. Culture medium was mixed with an
equal volume of Griess reagent (1% sulfanilamide, 0.1%
naphthylethylenediamide in 2.5% phosphoric acid) [21],
and incubated at room temperature for 10 min. Nitrite
concentration was analyzed at 540 nm, where NaNO,
was used to generate a standard curve.

Animals and treatment

Male ICR mice (7 weeks old) were purchased from
the Daehan Biolink (Eumseong, Korea), and housed in
a room with constant environmental conditions (22+2°C;
40-70% relative humidity; 12-hour light-dark cycle;
150-300 lux brightness). Pellet feed and purified water
were available ad libitum. All the animal experiments
were approved by the Institutional Animal Care and Use
Committee (IACUC) of Chungbuk National University
(CBNU), Korea, and conducted according to the
Standard Operation Procedures (SOP) of the Laboratory
Animal Research Center, CBNU.

The mice (n=8/group) were orally treated with
fucoidan (18 or 54 mg/kg), CT extract (54 or 162 mg/
kg), or their mixture (18+54, 54+162 or 90+270 mg/kg)
once a day for 7 days. Low doses of fucoidan (18 mg/
kg) and CT extract (54 mg/kg) were from estimated
human doses of 100 mg/body (70 kg) and 300 mg/body
after surface area translation of body weight (Km=37 for
human/Km=3 for mouse), respectively. High doses of
fucoidan and CT extract were set at 3 folds, alone or in
mixture, and the highest-dose mixture was fixed at 5
folds to assess maximum synergistic effects.

On the 1st day of fucoidan and CT extract treatment,
mice were subcutaneously injected with 10 mL of sterile
air into the back side to form a pouch [22,23]. After 2
and 5 days, the pouch was re-injected with 5 mL of air.
One hour after the final treatment, 1 mL of carrageenan
(1% in saline; Sigma) or its vehicle (saline) was injected
into the pouch.
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Analyses of the exudates

The air pouch was washed with 1 mL of cold saline 6
hours after carrageenan injection, and the net volume of
lavage fluid was recorded. Total numbers of inflammatory
cells, neutrophils, monocytes and lymphocytes, were
determined using a coulter counter. The concentrations
of NO and PGE, were determined by Griess reagent
(Sigma) and enzyme immunoassay (EIA) using a
Correlate-EIA kit (Assay Designs, Ann Arbor, Ann
ArboUSA), respectively.

Histopathological examination

Pouch-lining tissue was removed and fixed in neutral
formalin solution. Paraffin-embedded tissue slides were
stained with hematoxylin-eosin, and examined under a
light microscope for the inflammatory lesions.

Statistical analysis

The results are presented as mean+SE. Experimental
group comparisons were made by one-way analysis of
variance followed by a Tukey’s test correction. A P
value <0.05 was considered statistically significant.

Results

In vitro RAW 264.7 cell culture, IFN-y and LPS
treatment greatly increased NO production (Figure 1).
Pretreatment with fucoidan (1-320 pg/mL) did not
affect the NO release from the macrophage cell line
(Figure 1A). In comparison, CT extract (32-320 pg/mL)
significantly suppressed NO production, indicative of an
anti-inflammatory activity (Figure 1B).

Injection of carrageenan into mouse air pouch markedly
increased the exudate volume within the pouch (Figure
2). Such increased exudation was attenuated by treatment
with fucoidan (18 mg/kg) and CT extract (54 and 162
mg/kg). Notably, the combinational treatment of fucoidan
and CT extract further decreased the exudates volume,
compared to the individual effects, although higher dose
combinations (54+162 mg/kg and 90+270 mg/kg) did
not exhibit additional efficacy to the lowest dose
combination (18+54 mg/kg) (Figure 2A). NO content in
the pouch also drastically increased following carrageenan
injection (Figure 2B). In comparison with the mild effect
of fucoidan, CT extract markedly lowered the NO
concentration. Combinational treatment of fucoidan and
CT extract further decreased the NO level in a dose-
dependent manner. In a similar manner, the increased
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Figure 1. Effects of fucoidan (A) and Cistanche tubulosa (CT)
extract (B) on the nitric oxide production of RAW 264.7 cells
stimulated with interferon-y (IFN-y, 10 U/mL) and lipopoly-
saccharide (LPS, 10pug/mL). *Significantly different from
vehicle control (P<0.05). *Significantly different from IFN-y
+LPS alone (P<0.05).

PGE, content was synergistically suppressed by the
combinational therapy of fucoidan and CT extract
(Figure 2C).

In parallel with the inflammatory mediators in the
pouch, the numbers of inflammatory cells drastically
increased by carrageenan injection: 37.8, 4.8 and 24.1
folds of control levels for neutrophils, monocytes and
lymphocytes, respectively (Table 1). However, fucoidan
and CT extract significantly reduced the inflammatory
cell infiltration, in which fucoidan was somewhat
superior to CT extract. Unexpectedly, no synergistic
effect in the inflammatory cell infiltration was attained
by co-administration of fucoidan and CT extract.

As inferred from the inflammatory cell infiltration in
the exudates, the subcutaneous tissue surrounding air
pouches exhibited severe inflammatory lesions (Figure
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Figure 2. Effects of fucoidan and Cistanche tubulosa (CT)
extract (in mg/kg) on the carrageenan-induced exudation and
inflammatory responses in an air-pouch inflammation model. A:
net exudate volume 6 hours after carrageenan injection. B:
nitric oxide (NO) concentration in the exudates. C: prostaglandin
E, (PGE,) concentration in the exudates. *Significantly different
from normal (Nor) control (P<0.05). *Significantly different from
carrageenan (Car) alone (P<0.05).

3). Enormously many cells in the thickened subcutaneous
tissue exposed to carrageenan were observed (Figure
3B), compared with the near-normal features in control
animals (Figure 3A). Such inflammatory lesions were
remarkably attenuated by treatment with fucoidan
(Figures 3C and 3D) or CT extract (Figures 3E and 3F).
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Notably, higher anti-inflammatory effects were obtained
by combinational therapy with fucoidan and CT extract
(Figures 3G-31).

Discussion

Using an in vivo carrageenan-induced air pouch
inflammation model, injection of air to the backs of
rodents induces proliferation of cells that stratify on the
surface of the cavity to form a structure similar to the
synovium. In this model, injection of carrageenan
induced inflammatory cell infiltration and increased the
exudate, which is indicative of vascular leakage. The air
pouch serves as a reservoir of inflammatory cells and
mediators that can be easily measured in the fluid that
accumulates locally.

Among the diverse inflammatory mediators that can
induce vascular permeability, it is well known that NO
and PGE, are major factors involved in the pathogenesis
of many inflammatory diseases [24,25]. They are also
known as mediators of pain induction and perception
[10,11]. iNOS, which is expressed and activated in
diverse cell types by stimulation with TNF-o and/or
LPS during inflammation, produces high, persistent
concentrations of NO [3,5-7]. NO is an important
regulatory molecule in diverse physiological functions,
such as vasodilatation leading to vascular leakage [8,9].
PGE,, which is generated from arachidonic acid via
COXs, contributes to the development of many
inflammatory diseases [26,27] and overproduction of
PGE, in response to various inflammatory stimulations is
associated with up-regulation of COX-II level and
progression of inflammation [28]. Therefore, TNF-a-
NO and COX-II-PGE, pathways have been considered
as two main streams of inflammatory processes, which
are blocked by inhibitors of iNOS (corticosteroids) and
COX (NSAIDs), respectively [22,29].

In the present study, co-administration of fucoidan and
CT extract reduced the exudate volume in the pouch,
suggesting that they possess suppressive activity against
vascular leakage (Figure 2A). In comparison with the
individual effects of each fucoidan and CT extract, the
combinational treatment further increased, implying that
the two compounds action synergistically. Such synergistic
effects between fucoidan and CT extract were supported
by their activities on the NO and PGE, levels in the
exudates (Figures 3B and 2C).

Interestingly, however, it was confirmed that fucoidan
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Figure 3. Representative microscopic findings of skin tissue of mice treated with carrageenan and/or fucoidan or Cistanche
tubulosa (CT) extract. A, normal; B, carrageenan alone; C, fucoidan 18 mg/kg; D, fucoidan 54 mg/kg; E, CT extract 54 mg/kg; F, CT
extract 162 mg/kg; G, fucoidan 18 mg/kg+CT extract 54 mg/kg; H, fucoidan 54 mg/kg+CT extract 162 mg/kg; |, fucoidan 90 mg/

kg+CT extract 270 mg/kg. Bar=200 um.

does not directly inhibit the activation of macrophages in
vitro assay (Figure 1A). Similarly, the inhibitory potential
of fucoidan on the NO and PGE, accumulation in vivo
assay was relatively lower than that of CT extract
(Figures 2B and 2C). Such an action mechanism of
fucoidan is different from a direct inactivation of the
cells by CT extract (Figure 1B). By comparison, fucoidan
exerted a high efficacy on the inhibition of inflammatory
cell infiltration in the pouches (Table 1). Actually,
fucoidan was superior to CT extract in blocking the
migration of neutrophils, monocytes and lymphocytes to
the carrageenan-induced tissue injury sites. Interestingly,
there was no synergistic anti-migratory effect, indicative

of different action mechanisms between fucoidan and
CT extract: i.e., fucoidan blocks infiltration of inflammatory
cells, while CT extract inhibits activation of the cells.
Polymorphonuclear cells, especially neutrophils, are
the main cellular components recruited to acute
inflammatory sites induced by carrageenan. In addition,
ensuing inflammatory cells such as macrophages and
lymphocytes also play central roles in the inflammatory
process by secreting cytokines [22,30,31]. When
pretreated with fucoidan or CT extract, the number of
white blood cells that migrated into the carrageenan-
injected air pouches was markedly suppressed down.
This result was consistent with an effect that would be

Lab Anim Res | June, 2012 | Vol. 28, No. 2
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Table 1. Effects of fucoidan and Cistanche tubulosa (CT) extract on the carrageenan-induced inflammatory cell infiltration (cells/pL)

in mouse air pouches

Treatment (mg/kg) Neutrophils Monocytes Lymphocytes
Normal 7.6+£1.6 3.0+1.0 46+1.3
Carageenan alone 287.6+15.8* 14.412 5% 110.8+9.2*
Fucoidan (18) 164.3+20.8" 6.7+1.5 95.3+9.9
Fucoidan (54) 36.6+1.8" 6.8+1.7" 17.8+2.6"
CT extract (54) 99.3+13.4" 13.7+1.9 48.7+5.2"
CT extract (162) 36.0+7.7" 8.4+1.3" 12.241.1"
Fucoidan (18)+CT extract (54) 67.7+0.9" 7.3+0.3 33.7+4.3"
Fucoidan (54)+CT extract (162) 66.0+7.5" 6.7£1.7" 40.315.5"
Fucoidan (90)+CT extract (270) 60.0+5.8" 6.310.3 39.3+1.2°

*Significantly different from normal control (P<0.05). *Significantly different from carrageenan alone (P<0.05).

obtained by corticosteroids such as dexamethasone, but
not by NSAIDs including indomethacin [23,30]. Therefore,
it is assumed that the fucoidan and CT extract have in
part a property of steroids.

In addition to the blocking action on inflammatory cell
chemotaxis, CT extract appeared to suppress the activation
of macrophages. This was confirmed by its inhibitory
actions on NO in vitro and in vivo, which is the major
inflammatory mediator produced by macrophages. Thus,
the effect of CT extract on macrophages might be due to
a suppression of mRNA expression and/or a direct
inhibition of iNOS activity in these cells.

PGE, is one of the major inflammatory mediators, too.
It increases in parallel with tissue edema, which is
suppressed by NSAIDs, inhibitors of COX [21,22].
Carrageenan can increase PGE, production by inducing
COX-II mRNA and COX-II protein in the pouch
exudate [32]. In this model, carrageenan significantly
increased the amount of PGE, and it was substantially
suppressed by CT extract. It is interesting to note that
this result was consistent with an effect that would be
obtained by an NSAID indomethacin [23]. Therefore, it
is inferred from the results that CT extract has additional
property of NSAIDs. Taken together, it is believed that
CT extract exerted both corticosteroid and NSAID-like
effects in the carrageenan-induced inflammation model,
and that fucoidan enhanced the anti-inflammatory
effects of CT extract by blocking inflammatory cell
infiltration.

Although defining the exact mechanism of action
requires further study, a mixture of fucoidan and CT
extract markedly attenuated inflammatory signs by
blocking the TNF-0—NO and COX-II-PGE, pathways
in carrageenan-induced air pouch inflammation. These
findings provide evidence that combinational treatment

Lab Anim Res | June, 2012 | Vol. 28, No. 2

of fucoidan and CT extract might be a promising
candidate for the relief of various types of inflammation
that are responsive to corticosteroids or NSAIDs.
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