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The Inhibitory Effect of Bamboo Culm Extract on the Development of Pulmonary 

Inflammation in Pristane-Induced Lupus Mice

Byeong Suk Chae*, Dae Keun Kim, Jae Soon Eun, Gi Sung Kwon and Tae Yong Shin*
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Abstract − Pulmonary pathogenesis in lupus is characterized by interstitial inflammation and vasculitis in lungs.
We investigated whether bamboo culm extract (BC) attenuates pulmonary inflammation and lung injury in
pristane-induced lupus mice. The pristane-induced lupus mice and healthy mice were administrated with BC 0.5
ml/kg or PBS orally once a day for 14 days. Our results demonstrated that BC significantly attenuated levels of
bronchoalveolar lavage (BAL) IL-6, IL-10, IFN-γ, PGE2 and VEGF, and pulmonary vascular permeability in
pristane-induced lupus mice. Therefore, these findings suggest that BC may inhibit development of pulmonary
inflammation and lung injury in lupus.
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Introduction

Systemic lupus erythematosus (SLE), a T cell-dependent

autoimmune disease, is characterized by B cell hyperac-

tivity, production of autoantibodies and inflammatory

injuries of multiorgan including lungs (Hoffman, 2004;

Nagy et al., 2005). Multiorgan injuries in SLE are known

to be most due to immunoregulatory abnormalities of T

cells and hyperreactivity of B cells including overpro-

duction of proinflammatory cytokines, leading to autoanti-

body production (Dean et al., 2000; Nagy et al., 2005;

Chae and Shin, 2007). Th 1 cytokines, such as IL-6, IL-

10, and IFN-γ, has been reported to contribute to

autoantibody production, organ damage including lung,

and high mortality in lupus (Llorente et al., 1995;

Theofilopoulos et al., 2001; Ishihara and Hirano, 2002;

Chun et al., 2007). 

Abnormal pulmonary function and nonspecific pulmonary

injury are known to be found in SLE (Haupt et al., 1981;

Keane and Lynch, 2000). Pulmonary pathogenesis in

lupus is characterized by interstitial inflammation and

vasculitis in lungs (Groen et al., 1992). Lupus patients

with pulmonary involvement showed to have a stronger

proinflammatory cytokine bias than those without pulmo-

nary involvement (Al-Mutairi et al., 2007). It demonstrated

that BAL IL-6, IL-10, and IFN-γ contributed to develop-

ment of lupus activity and might be associated with lupus

lung injury (Chae et al., 2006; Chowdhary et al., 2007).

PGE2 has been reported to mediate dysregulation of

proinflammatory cytokine production and be associated

with over-reactive B cells leading to production of

autoantibody and organ injury in lupus (Herrera-Acosta et

al., 1987; Chae et al., 2008). In addition, lupus is

associated with collagen vascular disease and pulmonary

dysfunction (Karim et al., 2002). Pulmonary vascular

permeability has been reported to be upregulated in

pristane-induced lupus mice compared to those in healthy

mice (Chae et al., 2006).

Bamboo has been used as folk remedies traditionally

for many centuries in the Orient. Bamboo has anti-fatigue

activity, anti-oxidative capacity, anti-inflammatory effect,

neuroprotective activity, and anti-tumor activity (Zhang et

al., 2006; Ito et al., 2007; Lee et al., 2008; Seki et al.,

2008). Bamboo culm extract has been reported to

downregulate cell adhesion molecule expression and NF-

kB activity through suppression of the oxidative stress

(Lee et al., 2008). However, whether Bamboo culm

extract (BC) attenuates development of pulmonary

inflammation in lupus remains still unknown. 

Our observation showed that BC inhibited production

of BAL inflammatory mediators and pulmonary vascular

permeability in pristane-induced lupus mice.

Experimental

Animals − Adult female BALB/c mice at 3 - 4 weeks
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of age were purchased from the Dae-Han Biolink

(Chungbuk, Korea), and had been maintained in our

animal facility on a regular 12-h light-dark cycle under a

temperature of 22 ± 2 oC and relative humidity of 55 ±

5% with water and food available ad libitum. Mice were

received i.p. a single injection of 0.5 ml of pristane

(Sigma Chemical Co., St., Louse, MO, U.S.A.) or PBS

(phosphate-buffered saline), and then, later 2 weeks, were

used as a pristane-induced lupus model or healthy controls.

Preparation of plant extracts − Bamboo culm (Phy-

llostachys bambusoides; Gramineae, over 3 years old)

was obtained from Damyang Jeonnam (Korea). The

bamboo culm was washed and broken into about 5 cm

fragments. The mineral material mixture that was composed

of elvan (70 w/w %), germanium (20%), sericite (5%),

jade (3%), and amethyst (2%) was heated at 250 - 300 oC

to induce far-infrared radiation. The distilled bamboo

culm fragments were exposed to the far-infrared radiation

for 6 h and then distilled. The bamboo culm extract (BC)

was used as a stock solution, which was yielded 4.8 ml

(about 3%) from fresh bamboo culm 1.2 kg. 

Administration of BC − The pristane-induced lupus

mice and healthy mice were administrated with BC 0.5

ml/kg or PBS orally once a day for 14 days.

Preparation of bronchoalveolar lavage fluids − The

lungs were removed under anesthetics from BC-treated

lupus, lupus control, and healthy mice. Bronchoalveolar

lavage (BAL) fluids were performed twice in a total

volume of 1 ml of PBS through an intratracheal polye-

thylene tube attached to a 1 ml-syringe and centrifuged.

The BAL fluids were collected and stored at ≤ −20 oC for

cytokine, PGE2 and VEGF assays. 

Cytokine and VEGF assay − The concentrations of

BAL TNF-α, IL-6, IL-10, IFN-γ, and VEGF in BC-

treated lupus, lupus control, and healthy mice were

determined by using monoclonal antibodies (BD

Biosciences Pharmingen, U.S.A.). All measurements were

carried out in duplicate. The results were measured in

picograms per milliliter at 450 nm using an ELISA

microplate reader (Molecular Devices Co., Ltd., U.S.A.).

The lower limit of sensitivity for each of the ELISA was

equal to or smaller than 5 pg/ml. 

PGE2 immunoassay − PGE2 concentration in BAL

fluids was determined by using a monoclonal antibody/

enzyme immunoassay kit from Cayman Chemical,

according to the manufacturer's instruction. Concentrations

of PGE2 were measured at 405 nm using ELISA.

Quantification of lung vascular permeability −

Pulmonary vascular leak was studied by measuring the

extravasation of Evans’ blue, which, when given intrave-

nously, binds to plasma proteins, particularly albumin

(Green et al., 1988). BC-treated lupus, lupus control, and

healthy mice were injected by tail vein with 160 mg/kg of

Evans’ blue (Sigma) in PBS 2 h prior to termination of

the experiment and then the lungs were removed. Evans’

blue was extracted from lungs by incubating samples in

formamide at 60 oC for 14 - 18 h. The supernatant was

separated by centrifugation at 5000 × g for 30 min. The

pulmonary vascular permeability was quantified at 650 nm.

Quantification of the relative weight of lung − The

lungs were removed under anesthetics from BC-treated

lupus, lupus control, and healthy mice. The ratios of lung

weight to body weight (%) were measured.

Statistical analysis − All data were expressed as means

± standard error (S.E.). Experiments were always run in

duplicate and repeated at least twice. Analysis of variation

and Student's t-test were used to determine statistical

significance, and p < 0.05 was considered to be statistically

significant. 

Results and Discussion

BC attenuated levels of BAL proinflammatory

cytokines in pristane-induced lupus mice − It has been

reported that the pathogenesis via production of lupus-

specific autoantibodies are started 1 - 2 mo after pristane

treatment in pristane-primed female BALB/c mice and

severe immune complex-mediated organ injuries including

glomerulonephritis are developed 4 - 6 mo (Satoh and

Reeves 1994; Satoh et al., 1995). In the present study,

mice were used 2 weeks after pristane treatment as a

pristane-induced lupus model. 

Lung injury is thought to result from intense

inflammatory responses in the early stage directly or

indirectly in lupus-like autoimmune diseases (Karim et al.,

2002). Lupus patients with pulmonary involvement

exhibited a stronger proinflammatory cytokine bias than

those without pulmonary involvement (Al-Mutairi et al.,

2007). Elevation of BAL IL-6, IL-10, and IFN-γ has been

reported to be associated with pulmonary pathogenesis or

lung injuries in lupus (Chae et al., 2006; Al-Mutairi et al.,

2007). Elevated IL-6, a B cell differentiation factor, is

correlated with induction of differentiation to autoanti-

body-forming cells in lupus (Liang et al., 2006). IL-10

contributes to autoantibody production and high mortality

in lupus and pulmonary overexpression of IL-10 is also

associated with enhanced lung fibrosis and Th 2

responses (Llorente et al., 1995; Barbarin et al., 2005).

IFN-γ has been reported to be required for lupus-like

disease and lymphoaccumulation in MRL-lpr mice
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(Balomenos et al., 1998) and to be associated with

autoantibody production and immune complex-mediated

organ injuries in lupus (Haas et al., 1998). 

Our previous results demonstrated that BC significantly

decreased levels of serum and BAL IL-6 in the late stage

in pristane-induced lupus mice (Chae and Park, 2009). In

the present study, our results demonstrated that levels of

early BAL IL-6, IL-10, and IFN-γ were enhanced in

pristane-induced lupus mice compared to those in healthy

mice. Early BAL IL-6, IL-10, IFN-γ but not TNF-α levels

were remarkably downregulated by BC in pristane-

induced lupus mice (Fig. 1). Our previous study showed

that BC remarkably downregulated serum TNF-α, IL-6,

IL-10, and IFN-γ levels in the early stage in pristane-

induced lupus mice (Chae, 2010). Therefore, our findings

indicate that BC may attenuate pulmonary inflammation

and autoantibody production via downregulation of

overproduction of BAL IL-6, IL-10, and IFN-γ in the

early stage in pristane-induced lupus mice. However, we

observed here that production of BAL TNF-α was not

affected in pristane-induced lupus mice compared to those

in healthy mice and that levels of BAL TNF-α were not

affected by BC in pristane-induced lupus mice. It has

been reported that TNF-α apparently plays a significant

role in the inflammatory process in lupus (Aringer and

Smolen, 2003) and, at the same time, TNF-α is associated

with induction of apoptosis of T cells in autoimmune

disease that can normally eliminate autoreative T cells in

lupus (Ucker, et al., 1989; Theofilopoulos and Lawson,

1999). Further studies need to determine the exact

mechanism by which production of BAL TNF-α was not

affected in pristane-induced lupus mice compared to those

in healthy mice.

BC attenuated levels of BAL PGE2 in pristane-

induced lupus mice − PGE2 is known to play an

important role in development of inflammatory responses

and tissue injuries. PGE2 has been a novel therapeutic

target in the lupus inflammation and organ injuries

(Herrera-Acosta et al., 1987; Tsai et al. 1994; Akaogi et

al., 2006). Recently, it has been reported that levels of

serum and BAL PGE2 was remarkably enhanced in

pristane-induced lupus mice compared to those in healthy

controls (Chae et al., 2008). Also, BC greatly has been

reported to attenuate levels of serum PGE2, and production

of PGE2 and expression of COX-2 mRNA by macro-

phages with/without LPS stimulation in pristane-induced

lupus mice (Chae, 2010). Here, as shown in Fig. 2, our

results demonstrated that BC remarkably reduced levels

of BAL PGE2 in pristane-induced lupus mice. Some

evidences demonstrated that PGE2 attenuates the activation

and capability of T cells to produce Th 1 cytokines with a

shift toward Th 2 cytokine responses (Betz and Fox,

1991). Endogenous PGE2 showed to mediate overproduc-

tion of IL-6 and IL-10 in pristane-induced lupus mice

Fig. 1. BC attenuated levels of BAL proinflammatory cytokines
in pristane-induced lupus mice. 

Bamboo culm extract (BC) or PBS was administrated orally once
a day for 14 days in the pristane-induced lupus mice and healthy
mice. The lungs were removed under anesthetics from BC-
treated lupus, lupus control, and healthy mice. BAL fluids were
performed twice in a total volume of 1 ml of PBS through an
intratracheal polyethylene tube attached to a 1 ml-syringe and
centrifuged. The BAL fluids were collected and the concen-
trations of BAL cytokines were measured at 450 nm using
ELISA. All measurements were carried out in duplicate. Each
value represents the mean ± S.E. * (p < 0.05) and ** (p < 0.01):
Significantly different from the value in healthy control. # (p <
0.05) and ## (p < 0.01): Significantly different from the value in
pristane-induced lupus controls.

Fig. 2. BC reduced levels of BAL PGE2 in pristane-induced
lupus mice. 

The concentrations of PGE2 in BAL fluids collected from BC-
treated lupus, lupus control, and healthy mice were measured at
405 nm using ELISA. All measurements were carried out in
duplicate. Each value represents the mean ± S.E. Other legends
and methods are the same as in Fig. 1. ** (p < 0.01): Significantly
different from the value in healthy control. ## (p < 0.01):
Significantly different from the value in pristane-induced lupus
controls.
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(Chae et al., 2008). PGE2 also exhibited to play a role in

induction of IL-6 in a murine model of inflammation

(Hinson et al., 1996). Therefore, these findings suggest

that BC may have protective effect from development of

lung inflammation and lung injuries in lupus through

downregulation of elevated PGE2.

Quantification of the ratio of lung weight to body

weight (%) − The ratios of lung weight to body weight

(%) in BC-treated lupus, lupus control, and healthy mice

were measured. Edema of lungs is thought to be associated

with lung inflammation in lupus models. Increase (%) in

the ratios of lung weight to body weight was measured as

difference from the value in healthy mice. Here, it

demonstrated that the relative weights of lung to body

weight were increased by about 43.62% in lupus control

and 38.28% in BC-treated lupus mice compared to those

in healthy mice, respectively (Fig. 3). Also, the relative

weights of lung were decreased by about 3.72% in BC-

treated lupus mice compared to those in lupus control,

suggesting that BC may inhibit lung inflammation in

pristane-induced lupus mice.

BC downregulated pulmonary vascular permeability

in pristane-induced lupus mice − Systemic inflamma-

tion promotes multiple organ failure through the induction

of diffuse microvascular leak (Anderson and Harken,

1990). Altered pulmonary vascular permeability is induced

by stimulated neutrophils and results in lung damage

(Tanita et al., 1999). Lupus is associated with collagen

vascular disease and pulmonary dysfunction (Karim et al.,

2002). Pulmonary vascular permeability has been

reported to be upregulated in pristane-induced lupus mice

compared to those in healthy mice (Chae et al., 2006). In

this study (Fig. 4), pulmonary vascular permeability was

strongly upregulated in pristane-induced lupus mice

compared to healthy controls, whereas BC remarkably

down-regulated pulmonary vascular permeability in

pristane-induced lupus mice, indicating that BC may

protect from pulmonary vascular inflammation and lung

injury in pristane-induced lupus mice. 

BC reduced levels of BAL VEGF in pristane-

induced lupus mice −Lupus-like rheumatoid inflammation

and SLE were associated with collagen vascular disease

and elevated vascular endothelial growth factor (VEGF)

(Ballara et al., 2001; Ciprandi et al., 2008). In our

previous study, BC has been reported to significantly

downregulate levels of serum VEGF in pristane-induced

Fig. 3. Effect of BC on the relative weight of lung in pristane-
induced lupus mice. 

Lungs were removed under anesthetics in BC-treated lupus,
lupus control, and healthy mice. Increase (%) in the relative
weight of lung to body weight (BW) follows as:

 
All measurements were carried out in duplicate. Each value
represents the mean ± S.E (n = 5 mice). Other legends and
methods are the same as in Fig. 1.

(lung weight/BW in each group – lung weight/BW 
in healthy mice) × 100

 lung weight/BW in healthy mice 

Fig. 4. BC downregulated pulmonary vascular permeability in
pristane-induced lupus mice. 

Pulmonary vascular leak was studied by measuring the extra-
vasation of Evans’ blue, which, when given intravenously, binds
to plasma proteins, particularly albumin. BC-treated lupus, lupus
control, and healthy mice were injected by tail vein with 160 mg/
kg of Evans’ blue in PBS 2 h prior to termination of the
experiment and then the lungs were removed. Evans’ blue was
extracted from lungs by incubating samples in formamide at
60 oC for 14 - 18 h. The concentration of Evans’ blue in lung
supernatants was measured by a dual wavelength spectropho-
tometric method at absorptions of 650 nm for the vascular leak
syndrome. Each mouse was individually analyzed for vascular
leak, and data from five mice were expressed as mean ± S.E.
Other legends and methods are the same as in Fig. 1. Each value
represents the mean ± S.E (n = 5 mice). ** (p < 0.01): Significantly
different from the value in healthy control. # (p < 0.05): Signifi-
cantly different from the value in pristane-induced lupus controls.
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lupus mice (Chae, 2010). In the present study, we

investigated whether BC attenuates levels of BAL VEGF

characterized by pulmonary vascular permeability and

inflammation in the lupus animal model. Here, we

observed that levels of BAL VEGF were remarkably

enhanced in pristane-induced lupus mice compared to

those in healthy mice, indicating that BAL VEGF can be

a target for pulmonary vascular inflammation therapy in

lupus. As shown in Fig. 5, these data also demonstrated

that BC significantly attenuated elevated BAL VEGF in

pristane-induced lupus mice. Nakahara et al. (2003)

reported that anti-IL-6 receptor antibody therapy reduced

VEGF production in rheumatoid arthritis. Therefore, our

findings indicate that BC may attenuate pulmonary

vascular permeability and inflammation through inhibition

of BAL VEGF in pristane-induced lupus mice. 

In conclusion, our findings indicate that BC may

attenuate development of lupus autoimmunity and lung

injury via inhibition of inflammatory mediators and

amelioration of abnormal costimulation between T cells

and B cells. 

Acknowledgement 

This work was supported by Woosuk University (2010).

References

Akaogi, J., Nozaki, T., Satoh, M., and Yamada, H., Role of PGE2 and EP

receptors in the pathogenesis of rheumatoid arthritis and as a novel

therapeutic strategy. Endocr. Metab. Immune. Disord. Drug Targets

6(4), 383-394 (2006). 

Al-Mutairi, S., Al-Awadhi, A., Raghupathy, R., Al-Khawari, H., Sada, P.,

Al-Herz, A., and Rawoot, P., Lupus patients with pulmonary

involvement have a pro-inflammatory cytokines profile. Rheumatol.

Int. 27(7), 621-630 (2007). 

Anderson, B.O. and Harken, A.H., Multiple organ failure: inflammatory

priming and activation sequence promote autologous tissue injury. J.

Trauma 30, S44-S49 (1990).

Aringer, M. and Smolen, J.S., SLE - Complex cytokine effects in a

complex autoimmune disease: tumor necrosis factor in systemic lupus

erythematosus. Arthritis Res. Ther. 5, 172-177 (2003).

Ballara, S., Taylor, P.C., Reusch, P., Marmé, D., Feldmann, M., Maini, R.

N., and Paleolog, E.M., Raised serum vascular endothelial growth

factor levels are associated with destructive change in inflammatory

arthritis. Arthritis Rheum. 44, 2055-2064 (2001). 

Balomenos, D., Rumold, R., and Theofilopoulos, A.N., Interferon-gamma

is required for lupus-like disease and lymphoaccumulation in MRL-lpr

mice. J. Clin. Invest. 101(2), 364-371 (1998).

Barbarin, V., Xing, Z., Delos, M., Lison, D., and Huaux, F., Pulmonary

overexpression of IL-10 augments lung fibrosis and Th2 responses

induced by silica particles. Am. J. Physiol. Lung Cell Mol. Physiol.

288(5), L841- L848 (2005). 

Betz, M. and Fox, B.S., Prostaglandin E2 inhibits production of Th1

lymphokines but not of Th2 lymphokines. J. Immunol. 146, 108-113

(1991).

Chae, B.S., Bamboo Culm Extract attenuates early development of

systemic inflammation in pristane-primed lupus mice. Natural

Product Sciences 16(4), (2010) in press. 

Chae, B.S. and Park, B.H., Bamboo Culm Extract downregulated

activation of NKT- and B- cells and production of IL-6 in pristane-

induced lupus mice. Natural Product Sciences 15(4), 222-228 (2009). 

Chae, B.S., Park, J.S., and Shin, T.Y., Endotoxin induces late increase in

the production of pulmonary proinflammatory cytokines in murine

lupus-like pristane-primed model. Arch. Pharm. Res. 29(4), 302-309

(2006). 

Chae, B.S. and Shin, T.Y., Immunoregulatory abnormalities of T cells and

hyperreactivity of B cells in the in vitro immune response in pristane-

induced lupus mice. Arch. Pharm. Res. 30(2), 191-198 (2007). 

Chae, B.S., Shin, T.Y., Kim, D.K., Eun, J.S., Leem, J.Y., and Yang, J.H.,

Prostaglandin E2-mediated dysregulation of proinflammatory cytokine

production in pristane-induced lupus mice. Arch. Pharm. Res. 31, 503-

510 (2008).

Chowdhary, V.R., Grande, J.P., Luthra, H.S., and David, C.S.,

Characterization of haemorrhagic pulmonary capillaritis: another

manifestation of Pristane-induced lupus. Rheumatology (Oxford)

46(9), 1405-1410 (2007).

Chun, H.Y., Chung, J.W., Kim, H.A., Yun, J.M., Jeon, J.Y., Ye, Y.M.,

Kim, S.H., Park, H.S., and Suh, C.H., Cytokine IL-6 and IL-10 as

biomarkers in systemic lupus erythematosus. J. Clin. Immunol. 27,

461-466 (2007).

Ciprandi, G., Murdaca, G., Colombo, B.M., De Amici, M., and Marseglia,

G.L., Serum vascular endothelial growth factor in allergic rhinitis and

systemic lupus erythematosus. Hum. Immunol. 69, 510-512 (2008).

Dean, G.S., Tirrell-Price, J., Crawley, E., and Isenberg, D.A., Cytokines

and systemic lupus erythematosus. Ann. Rheum. Dis. 59, 243-251

(2000).

Green, T.P., Johnson, D.E., Marchessault, R.P., and Gatto, C.W.,

Transvascular flux and tissue accrual of Evans blue: effects of

endotoxin and histamine. J. Lab. Clin. Med. 111, 173-183 (1988).

Groen, H., ter Borg, E.J., Postma, D.S., Wouda, A.A., van der Mark,

T.W., and Kallenberg, C.G., Pulmonary function in systemic lupus

erythematosus is related to distinct clinical, serologic, and nailfold

Fig. 5. BC attenuated levels of BAL VEGF in pristane-induced
lupus mice. 

The concentration of BAL VEGF in BC-treated lupus, lupus
control, and healthy mice was determined at 450 nm using
ELISA reader. Each value represents the mean ± S.E. Other
legends and methods are the same as in Fig. 1. * (p < 0.05):
Significantly different from the value in healthy control. # (p <
0.05): Significantly different from the value in pristane-induced
lupus controls.



250 Natural Product Sciences

capillary patterns. Am. J. Med. 93(6), 619-627 (1992).

Haas, C., Ryffel, B., and Le Hir, M., IFN-gamma receptor deletion

prevents autoantibody production and glomerulonephritis in lupus-

prone (NZB x NZW)F1 mice. J. Immunol. 160, 3713-3718 (1998). 

Haupt, H.M., Moore, G.W., and Hutchins, G.M., The lung in systemic

lupus erythematosus. Analysis of the pathologic changes in 120

patients. Am. J. Med. 71(5), 791-798 (1981).

Herrera-Acosta, J., Reyes, P.A., López Manay, G., Padilla, L., Cerdas

Calderón, M., Ruiz, A., and Pérez Grovas, H., Inhibition of

prostaglandin synthesis results in suppression of renal functional

reserve in lupus nephritis. Rev. Invest. Clin. 39, 107-114 (1987).

Hinson, R.M., Williams, J.A., and Shacter, E., Elevated interleukin 6 is

induced by prostaglandin E2 in a murine model of inflammation:

possible role of cyclooxygenase-2. Proc. Natl. Acad. Sci. U S A 93,

4885-4890 (1996). 

Hoffman, R.W., T cells in the pathogenesis of systemic lupus

erythematosus. Clin. Immunol. 113, 4-13 (2004). 

Karim, M.Y., Miranda, L.C., Tench, C.M., Gordon, P.A., D'cruz, D.P.,

Khamashta, M.A., and Hughes, G.R., Presentation and prognosis of

the shrinking lung syndrome in systemic lupus erythematosus. Semin.

Arthritis Rheum. 31(5), 289-298 (2002).

Keane, M.P. and Lynch, J.P. III. Pleuropulmonary manifestations of

systemic lupus erythematosus. Thorax. 55(2), 159-166 (2000).

Ishihara, K. and Hirano, T., IL-6 in autoimmune disease and chronic

inflammatory proliferative disease. Cytokine Growth Factor Rev. 13,

357-368 (2002). 

Ito, Y., Akao, Y., Shimazawa, M., Seki, N., Nozawa, Y., and Hara, H.,

Lig-8, a highly bioactive lignophenol derivative from bamboo lignin,

exhibits multifaceted neuroprotective activity. CNS Drug Rev. 13, 296-

307 (2007).

Lee, M.J., Park, W.H., Song, Y.S., Lee, Y.W., Song, Y.O., and Moon, G.S.,

Effect of bamboo culm extract on oxidative stress and genetic

expression: bamboo culm extract ameliorates cell adhesion molecule

expression and NFkappaB activity through suppression of the

oxidative stress. Clin Nutr. 27(5), 755-763 (2008). 

Liang, B., Gardner, D.B., Griswold, D.E., Bugelski, P.J., and Song, X.Y.,

Anti-interleukin-6 monoclonal antibody inhibits autoimmune responses

in a murine model of systemic lupus erythematosus. Immunology

119(3), 296-305 (2006). 

Llorente, L., Zou, W., Levy, Y., Richaud-Patin, J., Wijdenes, J., Alcocer-

Varela, J., Morel-Fourrier, B., Brouet, J.C., Alarcon-Segovia, D.,

Galanaud, P., and Emilie, D., Role of interleukin 10 in the B

lymphocyte hyperactivity and autoantibody production of human

systemic lupus erythematosus. J. Exp. Med. 181, 839-844 (1995). 

Nagy, G., Koncz, A., and Perl, A., T- and B-cell abnormalities in systemic

lupus erythematosus. Crit. Rev. Immunol. 25(2), 123-140 (2005).

Nakahara, H., Song, J., Sugimoto, M., Hagihara, K., Kishimoto, T.,

Yoshizaki, K., and Nishimoto, N., Anti-interleukin-6 receptor antibody

therapy reduces vascular endothelial growth factor production in

rheumatoid arthritis. Arthritis Rheum. 48, 1521-1529 (2003). 

Satoh, M., Kumar, A., Kanwar, Y.S., and Reeves, W.H., Anti-nuclear

antibody production and immune-complex glomerulonephritis in

BALB/c mice treated with pristane. Proc. Natl. Acad. Sci. U S A.

92(24), 10934-10938 (1995).

Satoh, M. and Reeves, W.H., Induction of lupus-associated autoantibodies

in BALB/c mice by intraperitoneal injection of pristane. J. Exp. Med.

180(6), 2341-2346 (1994).

Seki, T., Kida, K., and Maeda, H., Immunostimulation-Mediated Anti-

tumor Activity of Bamboo (Sasa senanensis) Leaf Extracts Obtained

Under 'Vigorous' Condition. eCAM 7, 1-11 (2008).

Tanita, T., Song, C., Kubo, H., Ono, S., Sagawa, M., Sato, M.,

Matsumura, Y., Kondo, T. and Fujimura, S., Stimulated neutrophils

evoke signal transduction to increase vascular permeability in rat

lungs. Tohoku J. Exp. Med. 189(3), 213-225 (1999).

Theofilopoulos, A.N., Koundouris, S., Kono, D.H., and Lawson, B.R.,

The role of IFN-gamma in systemic lupus erythematosus: a challenge

to the Th1/Th2 paradigm in autoimmunity. Arthritis Res. 3, 136-141

(2001). 

Theofilopoulos, A.N. and Lawson, B.R., Tumour necrosis factor and

other cytokines in murine lupus. Ann. Rheum. Dis. 58(Suppl 1), I49-

55 (1999).

Tsai, C.Y., Wu, T.H., Tsai, S.T., Chen, K.H., Thajeb, P., Lin, W.M., Yu,

H.S., and Yu, C.L., Cerebrospinal fluid interleukin-6, prostaglandin E2

and autoantibodies in patients with neuropsychiatric systemic lupus

erythematosus and central nervous system infections. Scand. J.

Rheumatol. 23(2), 57-63 (1994).

Ucker, D.S., Ashwell, J.D., and Nickas, G., Activation-driven T cell death.

I. Requirements for de novo transcription and translation and

association with genome fragmentation. J. Immunol. 143(11), 3461-9

(1989).

Zhang, Y., Yao, X., Bao, B., and Zhang, Y., Anti-fatigue activity of a

triterpenoid-rich extract from Chinese bamboo shavings (Caulis

bamfusae in taeniam). Phytother. Res. 20, 872-876 (2006).

Received August October 13, 2010

Revised November 22, 2010

Accepted November 25, 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


