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ABSTRACT

Bamboo salt has been used for the purpose of pre-
vention and treatment of various diseases in Korea.
Present study was carried out to ascertain the effects
of purple bamboo salt upon anti-allergic effect, anti-
inflammatory activity and immune-enhance effect as
well. Purple bamboo salt significantly inhibited the ear
swelling response and histamine release induced by
compound 48/80 in mice and rat peritoneal mast cells.
Purple bamboo salt (0.01~1 g/kg) also dose-depen-
dently inhibited the passive cutaneous anaphylaxis by
oral administration. Purple bamboo salt (1 mg/mL) in-
hibited phorbol 12-myristate 13-acetate plus calcium
ionophore A23187-stimulated tumor necrosis factor
(TNF)- e, interleukin (IL)-1B and IL-6 secretion, by
67.0410.08%, 68.01£1.85%, 69.48+0.54%, respectively.
In addition, purple bamboo salt inhibited the expression
of TNF-e¢ mRNA in HMC-1 cells. Finally, we in-
vestigated the effect of purple bamboo sait in the forced
swimming test (FST) and the change of purple bamboo
salt-mediated cytokine production from MOLT-4 cells.
At the 7th, immobility time was significantly decreased
in the purple bamboo salt-administration group (35.4+
59 s for 1 g/kg) in comparison with the control group
(932£154 s). After FST, the content of glucose in the
blood serum was increased and the levels of blood urea
nitrogen, lactic dehydrogenase was decreased in purple
bamboo salt-administration group. However, it had no
effect on the elevation of CK and TP level. Purple
bamboo salt (1 mg/mL) significantly increased the in-
terferon (IFN)- 7 and IL-2 level compared with media
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control (about 3.7-fold for IFN- 7, about 3.5-fold for
IL-2, p<0.05) but did not affect the IL-4.
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INTRODUCTION

Purple bamboo salt is a specially processed salt ac-
cording to the traditional recipe using normal salt and
bamboo in Korea. It is known to have various ther-
apeutic effects on diseases such as inflammations, viral
disease, diabetes, circulation organ disorder and cancer
etc (1-4). However, its possible pharmacological mech~
anism has not been investigated clearly. This report
describes an effect of purple bamboo salt on mast cell-
mediated immediate-type allergic reactions, inflam-
matory acttvity and also immune-enhance effect.

Mast cells are key regulators in allergy and inflam-
mation, and release histamine, cytokine and other pro-
inflammatory mediators (5). In general, immediate hy-
persensitivity, which involves urticaria, allergic rhinitis
and asthma, is mediated by various chemical mediators
release from mast cells (5). Degranulation of mast cells
is caused by non-immunologic secretagogues like sub-
stance P, compound 48/80, extracellular ATP and so on,
which result in rapid and marked histamine release
(6-9). Studies on the compound 48/80-induced mast cell
degranulation and ear swelling response have been
continuously performed on these theoretical bases by
our group (10-12). Among the preformed and newly
synthesized inflammatory substances released on de-
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granulation of mast cells, histamine remains the best
characterize and most potent vasoactive mediator im-
plicated in the acute phase of immediate hypersensitivity
(13). The secretory response of mast cells can also be
induced by aggregation of their cell surface-specific
receptors for IgE by the corresponding antigen (14-16).
The anti-IgE antibody has been established to induce
passive cutaneous anaphylaxis (PCA) reactions as a
typical in vivo model for immediate hypersensitivity in
allergic cutaneous reactions (17). Although mast cells
also store small amounts of cytokines in their granules
(18), these cells dramatically increase the production: of
tumor necrosis factor— ¢ (TNF- ¢ ), interleukin (IL)-18,
IL-6 and other cytokines after stimulated with phorbol
12-myristate 13-acetate plus calcium ionophore A23187.
The finding that activated mast cells are also a source
of several cytokines suggests an additional role of mast
cells in late-phase reactions and other persistent in-
flammatory processes (19).

Next, the forced swimming test (FST) is commonly
used to evaluate anti-depressants, and many anti-
depressants show the anti-immobility effects (20,21). It
has been reported that FST exposure produces al-
terations in both cellular and noncellular immunity (22).
FST exposure caused a reduction in the percentage of
lymphocytes and an increase in the percentage of
neutrophils in the peripheral blood and there was a
significant but transient suppression of both PHA (phy-
tohemagglutinin) and Con A-induced lymphocyte pro-
liferation following FST exposure (23.24).

FST is used to examine whether a certain agents has
anti-fatigue effect and used for endurance test (25-29).
The blood urea nitrogen (BUN), creatine kinase (CK),
lactic dehydrogenase (LDH), glucose (Glc) and total
protein (TP) are blood biochemical parameters related
to fatigue. As is commonly known, Glc level is decreased
immediately after exercise. The BUN test is a routine
test used primarily to evaluate renal function. Serum
LDH and CK is known to be accurate indicators of
muscle damage (30,31). LDH catalyzes the intercon-
version of pyruvate and lactate. Most of the CK in the
body normally exists in muscle, a rise in the amount of
CK in the blood indicates that muscle damage has
occurred, or is occurring. TP is a rough measure of
serum protein. Enzymes, some hormones, hemoglobin,
LDL, fibrinogen, immunoglobulins are some examples of

proteins (32).

T-cells play a crucial role in immune functions as they
act both as effectors (cytotoxic T-cells, Tc cells) and
regulators (helper and suppressor T-cells, Th and Ts
cells). The existence of T helper type Thl/Th2 subsets
in Th lymphocytes that differ in their cytokine secretion
patterns and effector functions provides a framework for
understanding normal and pathological immune re-
sponses (33,34). Induction of Thl immune responses
plays a critical role in protecting against various in-
tracellular micro-organisms and tumors, and also in
reversing Th2 cell-facilitating diseases such as allergic
inflammation (35-37). The Thl/Th2 classification has
been useful in relating the overall patterns of cytokine
production to clinical outcomes in a variety of path-
ological states (38).

In the present study we examined the effects of pur-
ple bamboo salt in the anti-allergic effect, anti-in-
flammatory activity and immune-enhancing effect.

MATERIALS AND METHODS

Materials

Compound 48/80, anti-DNP IgE, metrizamide, o-
phthaldialdehyde (OPA), and Evans blue and Avidin-
peroxidase and 2'-AZINO-bis (3-ethylbenzithiazoline-
6-sulfonic acid) tablets substrate were purchased from
Sigma chemical Co. (St. Louis, MO, USA). The «-
minimal essential medium was purchased from Flow
Laboratories (Irvine, UK). RPMI 1640, ampicillin, st-
reptomycin and fetal bovine serum (FBS) were pur-
chased from Gibco BRL (Grand Island, NY, USA). Fetal
bovine serum was purchased from Life Sciences (Grand
Island, NY, USA). Anti-human TNF- a /IL-1B8/IL-6 and
IFN- 7 /IL-2/IL-4 biotinylated anti-human TNF-«/
IL-1B/IL-6 and IFN- 7 /IL-2/IL-4 and recombinant (r)
human TNF- ¢ /IL-1B/IL-6 and IFN- y /IL-2/IL-4 were
purchased from R&D Systems (Minneapolis, MN, USA).

Animals

The original stock of ICR mice and Wistar rat was
purchased from the Dae-Han Experimental Animal
Center (Seoul, Korea), and the animals were maintained
in the College of Pharmacy, Wonkwang University. The
rats were housed five to ten per cage in a laminar
air-flow room maintained at a temperature of 22+ 1°C
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and relative humidity of 55+ 10% throughout the study.
ICR mouse were killed in accordance with National
Institutes of Health animal care and use guidelines.

Preparation of purple bamboo salt

Purple bamboo salt (Sambou purple bamboo salt) was
provided by Tae Sung Food Inc. (Jeonbuk, South Ko-
rea). It was processed by special technique (9 times
processing at very high temperature with bay salt,
bamboo, pine tree firewood, pine resin, and yellow earth
etc.) of Hyo-San Snim (intangible cultural properties No
23 of purple bamboo salt manufacture part and the
former head priest of Buddhist Gae-Am Temple,
Jeonbuk, South Korea). Powdered purple bamboo salt
and NaCl were melted in distilled water to reach ap-
propriate concentrations, filtered through 0.45 pm filter,
and kept at 4°C.

Ear Swelling Response

Compound 48/80 was freshly dissolved in saline and
mjected intradermally into the dorsal aspect of a mouse
ear using a microsyringe with a 28-gauge hypodermic
needle. Ear thickness was measured with a digimatic
micrometer (Mitutoyo, Japan) under mild anesthesia.
Ear swelling response represented an increment in
thickness above baseline control values. Ear swelling
response was determined 40 min after compound 48/80
or vehicle injection. Purple bamboo salt was admin-
istered orally 1 h before the compound 48/80-injection
(100 pg/site). The values obtained would appear to
represent the effect of compound 48/80 rather than the
effect of the vehicle injection (physical swelling), since
the ear-swelling response evoked by physiologic saline
returned to almost baseline thickness within 40 min.

Preparation of Rat Peritoneal Mast Cells
(RPMC)

RPMC were isolated as previously described (39). In
brief, rats were anesthetized by ether, and injected with
20 mL of Tyrode buffer B (NaCl, glucose, NaHCOs, KCL,
NaH2PO,) containing 0.1% gelatin (Sigma Chemical. Co.)
into the peritoneal cavity; the abdomen was gently
massaged for about-90 sec. The peritoneal cavity was
carefully opened, and the fluid containing peritoneal cells
was aspirated by Pasteur pipette. Then the peritoneal
cells were sedimented at 150X g for 10 min at room

temperature and resuspened in Tyrode buffer B. Mast
cells were separated from the major components of rat
peritoneal cells (i.e. macrophages and small lympho-
cytes) according to the method described by Yurt et al.
(40). In brief, peritoneal cells suspended in 1 mL of
Tyrode buffer B were layered onto 2 mL of 0.25 g/mL
metrizamide (density 1.120 g/mL; Sigma) and centri-
fuged at room temperature for 15 min at 400Xg. The
cells remaining at the buffer-metrizamide interface were
aspirated and discarded; the cells in the pellet were
washed and resuspended in 1 mL of Tyrode buffer A
containing calcium. Mast cell preparations were about
95% pure as assessed by toluidine blue staining. More
than 97% of the cells were viable as judged by trypan
blue uptake.

Histamine Release

Purified RPMC were resuspended in Tyrode buffer A
containing calcium for the treatment with compound
48/80. RPMC suspensions (2x10° cells/mL) were pre-
incubated for 10 min at 37°C before the addition of
compound 48/80 for stablization. The cells were pre-
incubated with the purple bamboo salt for 20 min, and
then incubated for 15 min with compound 48/80 (6 ug
/mL). The reaction was stopped in ice. The cells were
separated from the released histamine by centrifugation
at 400X g for 5 min at 4°C. Residual histamine in the
cells was released by disrupting the cells with perchloric
acid and centrifugation at 400Xg for 5 min at 4°C.

The inhibition percentage of histamine release was
calculated using the following equation:

% Inhibition = {(Histamine release without purple
bamboo salt-Histamine release with purple bamboo salt)
/ Histamine release without purple bamboo salt} X 100

PCA Reaction

IgE-dependent cutaneous reaction was generated by
sensitizing the skin with an intradermal injection of
anti-DNP IgE followed 24 h later with an injection of
DNP-HSA into the mice tail vein. The DNP-HSA was
diluted in phosphate-buffered saline (PBS). The mice
was injected intradermally with 100 ng of anti-DNP IgE
into each of 3 dorsal skin sites that had been shaved
48 h earlier. The sites were outlined with a water-
insoluble red marker. 24 h later, each mice received an
injection of 200 UL of the 1:1 mixture of 1 mg/mL
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DNP-HSA in PBS and 4% Evans blue via the tail vein.
One hour before this injection, purple bamboo salt was
administered orally. And the mice were sacrificed 40 min
after the i.v.-challenge. The dorsal skin of the mouse
was removed for measurement of the pigment area. The
amount of dye was then determined colorimetrically
after extraction with 0.5 mL of 1.0 N KOH and 45 mL
of a mixture of acetone and phosphoric acid (with the
ratio of 5:13), based on the method of Katayama et al.
(41). The absorbent intensity of the extraction was
measured at 620 nm in a spectrofluorometer, and the
amount of dye was calculated with the Evans blue
measuring -line.

Cell culture

Human leukemic cell line HMC-1 cells were grown
in IMDM medium supplemented with 100 U/mL pen-
icillin, 100 ng/mL streptomycin, 10~> M monothioglycerol
and 10% heat-inactivated FBS at 37°C in 5% CO: and
95% humidity. Cells were treated purple bamboo salt for
30 min prior to stimulation with 20 nM PMA plus 1 utM
A23187 and incubated at 37°C for 8 h. T cell line
MOLT-4 cells were grown in RPMI 1640 medium
(Gibco BRL, USA) supplemented with 10% fetal bovine
serum (JRH BIOSCIENCE, USA), 100 U/mL penicillin
and 100 pg/mL streptomycin at 37°C in the presence of
5% COs..

MTT assay

Cell viability was determined by the MTT assay.
Briefly, 500 UL of HMC~1 cells suspension (2.5x10* cells)
was cultured in 4-well plates for 24 h after treatment
by each concentration of purple bamboo salt. 20 UL of
MTT solution (5 mg/mL) was added and the cells were
incubated at 37°C for an additional 4 h. After washing
the supernatant out, the insoluble formazan product was
dissolved in DMSO. Then, optical density of 96-well
culture plates was measured using an enzyme-linked
immunosorbent assay (ELISA) reader at 540 nm. The
optical density of formazan formed in untreated control
cells was taken as 1009% of viability.

Cytokines assay

Sandwich enzyme-linked immunosorbent assay
(ELISA) for TNF- a /IL-1B/IL-6 and IFN- y /IL-2/IL-4
was carried out in duplicate in 96-well ELISA plates

(Nunc, Denmark) coated with each of 100 uL aliquots of
anti-human TNF- @ /IL-1B/IL-6 and IFN- 7 /IL-2/IL-4
monoclonal antibodies at 1.0 ng/mL in PBS at pH 7.4
and was incubated overnight at 4°C. The plates were
washed in PBS containing 0.05% Teeen—-20 (Sigma, St.
Lousis, MO, USA) and blocked with PBS containing 1%
BSA, 5% sucrose and 0.05% NaNs for 1 h. After addi-
tional washes, sample or TNF- @ /IL-1B/IL-6 and IFN-
v /IL-2/IL-4 standards were added and incubated at
37°C for 2 h. After 2 h incubation at 37°C, the wells were
washed and then each of 0.2 g/mL of biotinylated anti-
human TNF- @ /IL-1B/IL-6 and IFN- v /IL-2/IL-4 were
added and again incubated at 37°C for 2 h. After washing
the wells, avidin—peroxidase was added and plates were
incubated for 20 min at 37°C. Wells were again washed
and ABTS substrate was added. Color development was
measured at 405 nm using an automated microplate
ELISA reader. A standard curve was run on each assay
plate using recombinant TNF- o /IL-1B/IL-6 and IFN-
v /IL-2/IL-4 in serial dilutions.

RT-PCR

Total RNA was isolated from HMC-1 cells with
Easy-blue according to the manufacturer’s instruction,
PCR was performed with following primers for TNF- o
(5'CGG GAC GTG GAG CTG GCC GAG GAG3';
5'CAC CAG CTG GTT ATC TCT CAG CTC 3’). The
actin (5" GTG GGG CGC CCC AGG CAC CA3'; 5'GTC
CTT AAT GTC ACG CAC GAT TTC3') was used to
verify that equal amounts of RNA were used for reverse
transcription and PCR amplification from different ex-
perimental conditions. The annealing temperature was
60°C for TNF-a and actin. Amplified fragment sizes
for TNF-¢ and actin were 355 bp and 661 bp, re-
spectively. Products were electrophoresed on a 1.5%
agarose gel and visualized by staining with ethidium
bromide.

FST

During the 6 min of the FST, the duration of im-
mobility was measured as previously described by
Porsolt and co-workers (20). The apparatus consisted
of two Plexiglas cylinders (height: 25 cm, diameter: 10
cm) placed side by side in a Makrolon cage filled with
water (10 cm height) at 23~25°C. Two mice were tested
simultaneously for a 6-min period inside vertical Plex-
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iglas cylinders; a nontransparent screen placed between
the two cylinders prevented mice from seeing each
other. The total duration of immobility, after a delay of
2 min, was measured during a period of 4 min. Each
mouse was considered to be immobile when it ceased
struggling and remained floating motionless in the wa-
ter, making only those movements necessary to keep
its head above water.

Preparation and ingredient analysis of blood
serum

Mice were anesthetized with intraperitoneal injection
of ketamine (80 mg/kg) and xylazine (4 mg/kg). After
anesthetization, bloods were withdrawn from heart of
forced swimming-treated mice into syringes. Then,
serum was prepared by centrifugation at 3000 rpm at
4°C for 10 min. Contents of Gle, LDH, BUN, CK and
TP were determined by the autoanalyzer (Hitachi 747,
Hitachi, Japan).

Western blot analysis

Cell extracts were prepared by detergent lysis pro-
cedure. Cells (5% 10° cells) were scraped, washed once
with PBS, resuspended in lysis buffer. Samples were
vortexed for lysis for a few seconds every 15 min at
4°C for 1 h and centrifuged at 15 000X g for 5 min 4°C.
Samples were heated at 95°C for 5 min, and briefly
cooled on ice. Following the centrifugation at 15 000X g
for 5 min, 50 pPL aliquots were resolved by 12% SDS-
PAGE. Resolved proteins were transferred overnight to
nitrocellulose membrane in 25 mM Tris, pH 85, 0.2 mM
glycerin, 20% methanol at 25 V. Blots were blocked for
at least 2 h with 1 XTBST containing 10% nonfat dry
milk. Protein levels were analyzed essentially according
to the manufacturer’s instructions.

Statistical analysis

The results were expressed as mean®tSEM for the
number of experiments. Statistical significance was
compared between each treated group and control by
the Student’s ¢-test. Results with p<0.05 were con-
sidered statistically significant.

RESULTS AND DISCUSSION

Anti-allergic effect
To examine the anti-allergic effect, we carry out the

compound 48/80-induced ear swelling response and
anti-DNP IgE-induced PCA reactions. Also, we in-
vestigate the compound 48/80 induced histamine release
from RPMCs. We chose concentration of 100 pg/site for
compound 48/80 induced optimal ear-swelling response
in this experiment. As shown in Table 1, when mice
were pretreated with purple bamboo salt for 1 h, the
ear swelling response derived from compound 48/80 was
reduced. We next examined the effect of purple bamboo
salt on compound 48/80-induced histamine release from
RPMC. Purple bamboo salt dose-dependently inhibited
the compound 48/80-induced histamine release (Fig. 1).
The report that compound 48/80 increased the per-

Table 1. Effect of purple bamboo salt on compound 48/80—
induced ear swelling response in mice"

Purple bamboo salt
addition (g/kg)”

Thickness (mm) Inhibition (%)

None 0.247£0.004 -

0.01 0.170+0.008* 29.96
0.1 0.957£0.003* 60.73
1 0.120+0.002* 51.32

Y20 1L of compound 48/80 (100 pg/site) were applied intra-
dermally.

“The mice were orally administered with the indicated con-
centration of purple bamboo salt for 1 h prior to the com-
pound 48/80 application.

¥Each datum represents the meantSEM of three inde-
pendent experiments.

*p<0.05: significantly different from the saline value.

60 %*
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Fig. 1. Effects of purple bamboo salt on compound 48/80-
induced histamine release from RPMCs.
RPMCs (2x10° cells/mL) were preincubated with drug at
37°C for 10 min prior to incubation with compound 48/80.
Each datum is presented as the SEM of three independent
experiments. *p<0.05: significantly different from the control
value.
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meability of the lipid bilayer membrane by causing a
perturbation of the membrane indicates that the mem-—
brane permeability increase may be an essential trigger
for the release of mediators from mast cells (42). So,
it is possible to suppose that purple bamboo salt might
act on the lipid bilayer membrane affecting the pre-
vention of the perturbation being induced by compound
48/80. Another way to test skin allergic reaction is to
induce PCA (18). Local injection of anti-DNP IgE fol-
lowed by an intravenous antigenic challenge has been
performed. Anti-DNP IgE was injected into dorsal skin
sites. After 24 h, all animals were injected iv. with
DNP-HSA containing Evans blue dye. The cutaneous
anaphylactic reaction was best visualized by the ex-
travasation of dye. When purple bamboo salt (0.01~1
g/kg) was orally administered to the mice, PCA reaction
was inhibited dose-dependently (Table 2).

The mechanism of the protection against anti-DNP
IgE, while not clear at present, may be suggested only
in some particular conditions. It is conceivable that
purple bamboo salt inhibits the initial phase of immediate
type allergic reactions, probably through interference
with the degranulation system. In conclusion, the results
obtained in the present study provide evidence that
purple bamboo salt inhibited the immediate-type allergic

Table 2. Effect of purple bamboo salt on 48 h PCA in mice

Purple bamboo salt Amount of dye Inhibition
addition (g/kg)" (ng/site)” (%)
None (distilled water)  0.75981+0.11256 -
0.01 0.6942+0.1465 11.1
01 05749£0.08565 24.3
1 0.3650+0.01383* 51.9*

1)Purple bamboo salt dissolved with distilled water was orally
administered to mice 1 h before the challenge.

“Each value indicates mean® SEM.

*p<0.05: significantly different from the saline value.

reactions in vivo and in vitro in a murine model.

Anti-inflammatory activity

We examined the inhibitory effect of purple bamboo
salt on the PMA plus A23187-stimulated secretion of
TNF-a, IL-1B, and IL-6 from HMC-1 cells. Culture
supernatants were assayed for each cytokines levels by
ELISA method. As shown in Table 3, purple bamboo
salt inhibited the secretion of TNF-a, IL-18B, and IL-6
in PMA plus A23187-stimulated HMC-1 cells. NaCl also
inhibited TNF- ¢ and IL-6 but NaCl exhibited markedly
lower effect than the purple bamboo salt. Also, both
purple bamboo salt and NaCl did not directly affect
HMC-1 cell cytotoxicity (Fig. 2). We examined the
inhibitory effect of purple bamboo salt on the expression
of TNF-o¢ mRNA in PMA plus A23187-stimulated
HMC-1 cells through RT-PCR. Purple bamboo salt
inhibited the TNF- @ mRNA expression induced by
PMA plus A23187 (Fig. 3). Chronic inflammation, as
evidenced by increased levels of proinflammatory
cytokines and C-reactive protein, is a common feature
in dialysis patients and is associated with an increased
cardiovascular morbidity and mortality (43). Therefore
our results suggest that purple bamboo salt importantly
contributes to the prevention or treatment of inflam-
matory diseases.

Immune-enhancing effect

We have examined the endurance effect of purple
bamboo salt in the FST and the change of purple
bamboo salt-mediated cytokine production. Purple bam-
boo salt (1 g/kg) was orally administered to mice for
7 days. We measured the immobility time at the 2, 7days
after the administration of saline, NaCl, purple bamboo
salt. As a result of test, the immobility time was
decreased in the purple bamboo salt-administrated group

Table 3. Effect of purple bamboo sait on the secretion of PMA plus A23187-stimulated TNF-a, IL-1B, IL-6 in HMC-1

cells
Concentration Inhibition (%)
Treatment (mg/mL) TNF- 2 IL-18 1L-6
Saline - -
Purple bamboo salt 0.01 2665*1.35 7.09+0.14 7131345
0.1 46.12+0.15 59.03+2.09* 4503+1.32*
1 67.04£0.08* 68.01+1.85* 69.48+0.54*
NaCl 1 24.42+158* - 27571182

PMA plus A23187-stimulated HMC-1 cells (3X 10°) were incubated for 6 h in the absence or presence of purple bamboo
salt or NaCl. TNF- «, IL-1B, IL-6 secreted into the medium are presented as the mean®SEM of three independent experiments.

*p<0.05: significantly different from the saline value.
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Fig. 2. Effect of purple bamboo salt on the cell viability in HMC-1 cells.
Cell viability was evaluated by MTT assay 24 h after purple bamboo salt and NaCl treatment (0.01~1 mg/mL) in HMC-1
cells. The percentage of viable cells was over 95% in each condition. Data represent the mean® SEM of three independent

experiments.

TNF-o
B-actin

1 2 3
Fig. 3. Effect of purple bamboo salt on the expression of
TNF-a mRNA in HMC-1 cells by RT-PCR.
Total RNA was isolated from HMC-1 cells. HMC-1 cells
were pretreated with purple bamboo salt for 30 min prior to
PMA plus A23187 stimulation. 1, blank; 2, PMA plus A23187;
3, PMA plus A23187 plus purple bamboo salt (1 mg/mL).

in a comparison with the saline-administrated group
(Fig. 4). After 2 days, the immobility time was decreased
in the purple bamboo salt-administration group (68.6%+
150 s for 1 g/kg) in comparison with the control group
(85.3+17.8 s). After 7 days, the immobility time was

140
1 2days
~ 1201 &l 7days
0
o 100
E
-~ 80
L 60
E *
E 40
20

Contrl Na
Dose (g/kg)

Fig. 4. Effect of purple bamboo salt on FST.

Immobility time recorded during 4 min in the FST in mouse
given saline (control group, n=5) or purple bamboo salt (n=5).
Data represent mean= SEM of five independent experiments.
*p<0.05; indicates significant difference from the saline group.

Purple bamboo salt

significantly decreased in the purple bamboo salt-
administration group (35.4£59 s for 1 g/kg) in com-
parison with the control group (93.2%£15.4 s). Our results
suggest that the decrease in the immobility time caused
by purple bamboo salt administration in the FST might
be mediated through immune-enhancement. Because
purple bamboo salt decrease the immobility time in this
test without stimulating motor activity, we postulate
that purple bamboo salt has a potential activity for
inducing immune-enhancement.

In order to clarify its mechanisms, we assessed the
levels of several blood biochemical parameters in mice
after FST. The LDH is known to be accurate indicators
of muscle damage and catalyzes the interconversion of
pyruvate and lactate (30,31). Therefore, the LDH level
increases immediately after exercise. On the other hand
the Glc level decreases immediately after exercise.
Interestingly, in the present study, the LDH level was

Table 4. Effect of purple bamboo salt on biood biochemical
parameters in mice"

Purple

Saline a gl\/tgc/l day) bamboo salt

(1 g/kg/day)

Glc (mg/dL) 2523%284 2553%281 264.7119.7

LDH (U/L) 575311426 679.0£108.6 523+61.0
BUN (mg/dL) 17.1£42 135%0.7 14.8+3.4
CK (mg/dL) 06*0.1 06+0.1 0600
TP (g/dL) 44%02 45101 48+02

1>Purple bamboo salt or NaCl (1 g/kg for 7 days) was admin-
istered orally to mice, we have measured the levels of Glc,
LDH, BUN, CK and TP in the serum (n=5). Each level was
determined by the autoanalyzer. Data represent mean = SEM
of five independent experiments.
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Fig. 5. Effect of purple bamboo salt on IFN-7, IL-2 and IL-4 production in the MOLT-4 cells.
Culture supernatant was collected from none or purple bamboo salt treated MOLT -4 cells, which were cultured for 24 h. Cytokines
levels in culture supernatant was measured using ELISA. Data represent mean+ SEM of three independent experiments. *p <0.05;

significantly different from the saline value.
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Treatment (mg/ml)

Fig. 6. Effect of purple bamboo salt on IFN- 7> expression
in the MOLT-4 cells.

The cells were incubated for 24 h in the presence of NaCl
(1 mg/mL), purple bamboo salt (1 mg/mL). The protein
extracts were prepared and samples were analyzed for IFN-
v expression by western blotting as described method (A).
IFN-7 levels were quantitated by densitometry (B).

decreased and Glc level was increased by administration
of purple bamboo salt (1 g/kg) (Table 4). These facts
suggest that purple bamboo salt may act as energy
source. However, the CK and TP level showed no
change as compared with those of the saline-admin-
istrated mice.

To assess the effects of purple bamboo salt on the

production of cytokines, the MOLT-4 cells were treated
with various concentrations of purple bamboo salt for
24 h. The levels of IFN- 7, IL-2 and IL-4 were analyzed
by ELISA method. As shown in Fig. 5A and 5B, purple
bamboo salt (1 mg/mL) significantly increased the in-
terferon (IFN)-7 and IL-2 level compared with media
control (about 3.7-fold for IFN-7, about 3.5-fold for
IL-2, p<0.05) at 24 h. However, purple bamboo salt did
not affect the production of ILL-4 compared with media
control (Fig. 5C). Purple bamboo salt increased the
protein expression of IFN-7 in MOLT-4 cells (Fig. 6).
Therefore, we can speculate that IFN-y and IL-2
increased by purple bamboo salt may contribute to
immune-enhancement response. Many cancer vaccines,
particularly in combination with immune adjuvants,
elicit strong cellular immune responses leading to the
production of Thl type cytokines such as IFN- 7, IL-2,
TNF-a (44). Previously we reported that Th2 cytokines
levels were higher than Thl cytokines levels in various
diseases including cerebral infarction, allergy and asth-
ma (45,46). Purple bamboo salt may be useful therapy
for patients who need enhanced Thl immune response.
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