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Bromelain has been reported to have anti-inflammatory and immunomudulatory effects. It has been
cross-linked with organic acids and polysaccharides by y irradiation. The cross-linked (CL)-bromelain
preparation resisted an acidic environment of pH 3 for 2 h and preserved 80% of its enzyme activity.
Pretreatment of rats with CL-bromelain intragastrically for 7 days significantly reduced serum cytokine
production induced by injected i.p. with 2.5 mg/kg of lipopolysaccharide (LPS). Bromelain significantly
reduced serum glutamate—oxalacetate transaminase induced by LPS. The anti-inflammatory effect
of CL-bromelain was correlated with reduced LPS-induced NF-«B activity and cyclooxygenase 2 (COX-
2) mRNA expression in rat livers. In addition, CL-bromelain dose-dependently inhibited LPS-induced
COX-2 mRNA and prostaglandin E2 (PGE2) in BV-2 microglial cells. CL-Bromelain also suppressed
the LPS-activated extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and
p38 mitogen-activated protein kinase (MAPK). In conclusion, the anti-inflammatory effects of the CL-
bromelain preparation in vivo and in vitro suggest its therapeutic potentials.
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INTRODUCTION enhances or acts synergistically with IEN-eceptor-mediated
signals (10). On the other hand, bromelain blocks activation of
extracellular signal-regulated kinase (ERK)-2 in ThO cells
stimulated via the T cell receptor or stimulated with combined
phorbol myristate acetate (PMA) and calcium ionophore.
However, the inhibitory activity of bromelain is dependent upon
its proteolytic activity (11).

Lipopolysaccharide (LPS) is an endotoxin from Gram-
negative bacteria, which provokes inflammatory and im-
munological responses. LPS-stimulated murine microglia, mac-
rophages, and Kupffer cells activated both phosphorylation and
Kinase activities of ERK1/2, c-Jun N-terminal kinase (JNK),
and p38 mitogen-activated protein kinases (MAPKSs) and,
«), andy-interferon (IFN%) (9). Bromelain also enhanced IFN-  Subsequently, TNF-o, IL-6, and IL-10 productiod2(-14).
y-mediated nitric oxide (NO) and TN&-production by murine Pretreatment W|th_ Fhe_mo_lo_locarbazole Go06976, sesamin, or the
macrophages. The effect of bromelain is independent of P38 MAPK-specific inhibitors, SB202190 and SB203580,
endotoxin receptor activation and is not caused by direct SUPPressed the LPS-induced NO, IL-6, and TéBroduction

modulation of IFNy receptors. Instead, bromelain either and phospho-p38 MAPK significantly in murine BV-2 cells}
15). In human and rodent macrophages/monocytes, cytokine

production and steady-state mRNA levels were increased in

Bromelain is a group of proteases extracted from the stem
of the pineapple. Bromelain is known for its anti-inflammatory
effect (1) and for dose-dependently providing relief for adults
with mild knee pain 2). Other pharmacological activities of
bromelain have been reported, such as the reduction of throm-
bogenesis, antihypertension, regulation of immune functions,
antimicrobial infections, and inhibition of cancer cell growth
(3—7). Bromelain can simultaneously enhance and inhibit
immune cell responses in vitro and in vivo via a stimulatory
action on accessory cells and a direct inhibitory act®n [n
human macrophages/monocytes, bromelain induced a significan
increase in interleukin (IL)-6, tumor necrosis factr(TNF-
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and anti-inflammatory properties through the generation of maintained on a 24-h fast and sacrificed. Blood was collected and stored
different prostaglandinslg). Prostaglandin E(PGE) strongly for immunological and biochemical studies.

synergizes with the inflammatory cytokine, TNE-to promote ELISA Assay. TNF-a, IL-18, IL-6, and PGE-2 were measured by
NF-«B-dependent transcription and gene expression (18), andELISA !<its (R&_D, Minngapolis, MN). The absorbance at 450 nm was
the COX-2 inhibitor also inhibits NF-«B activation (19). On dete_rmmed using a microplate reader (spectraMAX 340, Molecular
the other hand, selective inhibition of either COX isoform Devices, Sgnnyvale’ CA). )

resulted in an increased secretion of TdFAowever, this effect Preparation of Nuclear Extract and NF-kB pe5 Detection. The

. - ; o treated cells were washed and centrifuged and then resuspended in
is much greater with the COX-1 than with the COX-2 inhibitor - onic buffer and incubated on ice for 15 min. After centrifugation

(20). These results suggest that both COX-1 and COX-2 play at 14 000 rpm for 15 min, the supernatant cytoplasmic protein was
significant roles in the regulation of the early response to collected. The remnants were resuspended in extraction buffer,
endotoxemia. incubated on ice for 30 min, and then centrifuged, after which the
Studies of the use of proteolytic enzymes in rheumatic Supernatant nuclear extract was collected. All proteins were stored at
disorders have mostly been conducted on enzyme preparations 80 °C. The protein concentration was determined by the Bradford
consisting of combinations of bromelain, papain, trypsin, and 258 (Bio-Rad, Hemel, Hempstead, U.K.). p65 subunit activity was
chymotrypsin (21—23). Thus, the mechanism of action of detected by an ActivELISA kit, NkB p65 (IMGENEX, San Diego,

temi th . | B CA). The individual wells of the plate were coated with capture
systemic enzyme therapy remains unclear. becuase a CrOSS'antibody, followed by nuclear extract protein reaction, blocking, and

linking protein has been shown to be acid-resista@d, £5), finally an HRP-conjugated secondary antibody, which provided a
we prepared bromelain by cross-linking it with a network of sensitive colorimetric readout that was easily quantified by spectro-
polymers to protect it from a gastric acid environment. photometry. All of the procedures complied with the protocol.
Therefore, in this study, we were able to examine the effect of  Cell Culture. The murine BV-2 cell line was maintained in DMEM
cross-linked (CL)-bromelain on rats with endotoxin administra- supplemented with 10% FBS, 100 units/mL penicillin, and 1@
tion. The signaling mechanism of CL-bromelain was also ML streptomycin at 37C in a humidified incubator under 5% GO
investigated. Confluent cultures were passed by trypsinization. For experiments, cells
were washed twice with warm DMEM and then treated in serum-free
medium. In all experiments, cells were treated with CL-bromelain for
MATERIALS AND METHODS the indicated times after LPS addition. CL-Bromelain was dissolved
in phosphate-buffered saline (PBS).
MTT Reduction Assay. The cell viability was measured with blue
mazan that was metabolized from colorless 3-(4,5-dimethyl-thiazol-
-yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondria dehy-
drogenases, which are active only in live cells. BV-2 cells were
preincubated in 24-well plates at a density 0k510° cells per well
for 24 h and then washed with PBS. Cells with various concentrations
of CL-bromelain were treated with LPS for 24 h and grown in 0.5
mg/mL MTT at 37°C. After 60 min, 20QuL of solubilization solution
was added to each well and absorption values were read at 540 nm on

Materials. LPS from Escherichia coli serotype 0111:B4 was
obtained from Sigma (St. Louis, MO). Bromelain was obtained from for
Come True Company (Taoyuan, Taiwan), and cell culture ingredients 2
were obtained from Life Technologies (Grand Island, NY). Rabbit anti-
mouses-actin (Calbiochem, Temecula, CA) and anti-phospho-MAPKs
(Promega, Madison, WI), streptavidin-horseradish peroxidase-conju-
gated goat anti-rabbit IgG (Jackson, West Grove, PA) were obtained
separately. TNF-o,, PGE—2, IL-1, and IL-6 ELISA kits were obtained
from R&D (Minneapolis, MN).

Cross-Linked Bromelain Preparation. Konjac flour (Lu Ka Food an automated SpectraMAX 340.
company, Taipei, Ta_iwan; gluco_mannan, 92% pure) and lactic ac_id were | actate Dehydrogenase (LDH) Release Assagytotoxicity was
mixed at 2:1 by weight; the mixture was heated at°80for 5 min determined by measuring the release of LDH. Cells with various
while stirring. The stirred mixture was irradiated wighray (°Co) of concentrations of cross-linked bromelain were treated with LPS for 24

15 kGy for 3 s toform an organic network polymer. The mixture of 1, ang the supernatant was used to assay LDH activity. The cell-free
organic network polymer was neutralized with an appropriate amount supernatant was mixed with potassium phosphate buffer containing
of NaHCGQ; to about pH 7. The neutralized mixture was then added to NADH and sodium pyruvate in a final volume of 0.2 mL to a 96-well
the same weight of bromelain at 3G and then stirred for 3min. The  yjate. The rate of absorbance values was read at 490/630 nm on an
mixture was irradiated again witp-ray ¢°Co) of 15 kGy for 3 s to automated SpectraMAX 340 microtiter plate reader.

embed the bromelain into the network polymer (U.S. patent number |5|ation of RNA and RT-PCR. After treatment, total cellular RNA

10/790,042). was extracted with a cold RNA extraction solution (Ultraspec RNA,
Enzymatic Activity of Protein Hydrolysis. Casein was hydrolyzed  Bjotex Laboratory, Inc., Houston, TX). The RT-PCR assays were
with bromelain under the following conditions: substrate concentration, performed with a Titan One Tube RT-PCR system kit (Boehringer,
2%; bromelain—substrate ratio, 5:100; pH, 370; and water-bath Mannheim, Germany). Brieﬂyl t]lg of total RNA from each Samp|e
temperature, 37C. Each hydrolysate was rendered inactive by 10% was added to 5@L of a reaction mixture containing 0.2 mM dNTP,
trichloroacetic acid (TCA) and centrifugation at 30r 5 min. Folin- 0.4 uM each of sense- and antisense-specific primers, 5 mM dithio-
Ciocalteau’s (phosphomolybdate and phosphotungstate, Merck) phenokhreitol (DTT), 5 units of RNase inhibitor, LL of AMV reverse
reagent reacts with tyrosine residues, and absorption values read at 57&anscriptase, and Expand High Fidelity enzyme mix. The primer
nm. The protease activity was measured according to the method Ofsequences were as follows: 5-TGCATGTGGCTGTGGATGTCATC,
Boyce and Walter (2627) by spectrophotometrically monitoring the  3'-CACTAAGACAGACCCGTCATCTC for COX-1 (450-bp frag-
rate of tyrosine formation. One enzyme unit was defined as the amount ment), 5-GAACATTGTGAACAACATCCC, 3-TTGGTGGCATA-
of enzyme that releases 1 mmol of tyrosine from the substrate per CATCATCAGA for COX2 (615-bp fragment), and 5-GTGGGC-
minute under the conditions of enzyme assay and using crystalline CGCTCTAGGCACCAA, 3-CTCTTTGATGTCACGCACGATTTC
tyrosine as the standard. for S-actin (540-bp fragment), as a control for the RNA isolation and
Animal Experiment. Male Sprague—Dawley (SD) rats, weighing reverse transcription. RT-PCR was conducted in a Pefklmer Cetus
about 250 g each, were maintained at°Z3 with 12 h of day/night thermocycler (Norwalk, CT). The preparations in the microtubes were
cycle, and provided ad libitum water and lab chow. Six sets of rats incubated for 30 min at 50C and then amplified using a three-
were treated differently, and each group included 8 rats. In the control temperature PCR system usually consisting of denaturation &€94
groups, rats were maintained on a regular diet or supplemented with for 45 s, primer annealing at 6@ (for COX-1), 55°C (for COX-2),
CL-bromelain (100 mg/kg) for 7 days. In the experiment groups, rats or 60°C (for s-actin) for 45 s, and extension at 7€ for 2 min. The
were maintained on a regular diet or supplemented with CL-bromelain PCR product was visualized by electrophoresis in a 2.5% agarose gel,
(10, 50, or 100 mg/kg) for 7 days and th&n coli LPS (2.5 mg/kg) followed by staining with 0.5:g/mL ethidium bromide. Verification
was injected into the abdominal cavity. After LPS injection, rats were of specific genes was established by their predicted size under UV light.
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Figure 1. Bromelain, lactic acid, and konjac flour were cross-linked by irradiation with y-ray (%°Co). The cross-linked bromelain (left) and bromelain
powder (right) are shown in a scanning electron micrograph.

Quantification of the band density was performed by densitometric at 20 min and 80% at 40 min. The stability of CL-bromelain in
analysis (Digital Image Analysis System, PDI, Huntington Station, NY) acid and alkali environments (pH-38) at 30°C in the time
and calculated as the optical densityarea of band. range of -4 h was 74-96%. In contrast, the stability of original

Preparation of Cell Extracts. Cells were collected and centrifuged bromelain was less than 30% at pH 3 at 1 h and 50% at pH 8
at 200gfor 10 min at 4°C. The cell pellets were resuspended in an
at 4 h (data not shown).

appropriate volume (approximately>4 107 cells/mL) of lysis buffer

and sonicated. The protein concentration of samples was determined Reduced Serum Cytokine Levels by CL-Bromelain.SD

by the Bradford assay (Bio-Rad, Hemel, Hempstead, U.K.), and samplesrats were pretreated intragastrically with different levels of CL-

were equilibrated to 2 mg/mL with lysis buffer. bromelain preparation (10, 50, or 100 mg/kg) and injected i.p.
Western Blotting. Protein samples containing %@ of protein were with LPS (2.5 mg/kg) and then maintained on a 24-h fasting.

separated on 12% sodium dodecyl sulfgpelyacrylamide gels and Serum concentrations of IL-13, IL-6, and TNFveere signifi-

transferred to immobilon poly(vinylidene difluoride) membranes (Mil- } }
lipore, Bedford, MA). The membranes were incubated for 1 h with cantly elevated by LPS, and ILﬁland IL-6 were .dose
5% dry skim milk in TBST buffer (0.1 M Tris-HCI at pH 7.4, 0.9% dependently reduced by bromelain as compared with that of

NaCl, and 0.1% Tween-20) to block nonspecific binding. Then, they the LPS control. TNFe was also reduced but to a lesser extent
were incubated with rabbit anti-mouggactin (1:5000) and anti-  (Table 1).

phospho-MAPKSs (1:1000). Subsequently, the membranes were incu-  Bromelain Suppressed LPS-Induced NFeB Activation.

bated with secondary-conjugated goat anti-rabbit I§Ghctin and Previous reports showed that agents decrease inflammatory
phosphorylated MAPK proteins were detected by a chemllumlnescenceCytokine through the inhibition of NKB activation (4, 28).

detection system according to the instructions of the manufacturer (ECL, .

Amersham, Berkshire, U.K.). The band intensity was quantified with Indeed, pret.rea.tment of CL'brlomela'n dose-deper.\d.(-:'.ntly' (10—

a densitometric scanner (PDI, Huntington Station, NY). 100 mg/kg) inhibited the LPS-induced NdB p65 activities in
Statistical Analysis.All data were expressed as the meastandard rat livers by 27-70% (Table J. Pretreatment of CL-bromelain

error of the mean (SEM). For single variable comparisons, Student's did not alter the liver function but reduced LPS-induced serum

test was used. For multiple variable comparisons, data were analyzedlevels of GOT (p< 0.01) and GPT.

by one-way analysis of variance (ANOVA) followed by Scheffe's test. Bromelain Suppressed LPS-Induced PGE Release in

p values less than 0.05 were considered significant. BV-2 Cells. PGE release from BV-2 cells was measured by

an ELISA kit. Cells were treated with bromelain and/ond/

mL LPS for 24 h. None of the LPS or bromelain treatments
Proteolytic Activity of Bromelain . CL-Bromelain prepara- caused cell injury as judged by the MTT and LDH assays (data

tions (Figure 1) were found to release 60% bromelain activity not shown). As shown inFigure 2, CL-bromelain dose-

RESULTS
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Table 1. Effect of Bromelain on Cytokine Production in Endotoxemic a COox-2 _
Rats?
cox-1 I

bromelain (percentage of inhibition) B-Actin =

concentration control 10 50 100 (mg/kg)

o T T
= Ay — Ll T =
serum =il —
IL-18P (ng/dL) 800 +40 560 +45¢(30) 300 +40° (64) 180 + 42° (77) O LPS + Bro (ug/ml)
IL-6 (ng/dL) 290+35 210+21¢(27) 175+ 20¢(40) 145 + 35¢(50) @]
TNF-o (ng/dL) 105430 80+20(24) 75+18(29) 58+ 22 (45)
GOT (IUlL) 140422 130+16(7) 106+20(24) 82+ 16¢(41)
GPT (IULL) 62+10 58+10(6) 55+12(11)  45+11(27) b g
liver — = £
NF-«B (pg/mL) 610457 450 +42¢(26) 180 + 40° (70) 160 + 45¢ (74) g E ng’rkg)
= A = SR =
=] = Q- = c c:
@Male SD rats were divided into groups (8 rats each) and supplemented with LEDE o o —

different levels of CL-bromelain for 7 days. After LPS (2.5 mg/kg) was injected COX-2 —

into the abdominal cavity, rats were maintained on a 24-h fast. Blood was collected

and stored at =70 °C before an ELISA assay or a liver-function test. The NF-«B (0D I = e S — ]
p65 level was detected by an ActivELISA kit (IMGENEX). © Unstimulated control B_ %ot — — — — — — |

values for IL-1, IL-6, and TNF were 150, 130, and 40 (ng/dL), respectively; NF-«<B
levels were 100 pg/mL, and bromelain alone was 105 pg/mL. ¢p < 0.01 as

. =i
compared with the LPS control group. g
o=l <
600 ;
; = L= 100
500 - ' I T 5 =
—_— T ] T é g 80 1
= 400 | .
;gn @] S 60 1
[
& 300 By
X 200 -2 t"_]5 il
m | = ]
& Ee 2 ’J_‘
B~ 100 A = [l
0 3 e £ =[RS
5 ¥ = g 8 & E 85 - = =
g 3 = Sl - LPS + Bro (mg/kg)
S LPS + Bromelain (ig/ml) g
Figure 2. Bromelain-inhibited PGE; released by microglia BV-2 cells under Figure 3. Effect of bromelain on LPS-induced COX-2 mRNA expression.
LPS (1 ug/mL) stimulation. BV-2 cells were treated with/without LPS and (a) BV-2 cells were treated with 1 «g/mL LPS and various concentrations
CL-bromelain (10100 xg/mL) for 24 h. Values represent mean + SEM. of CL-bromelain for 4 h, and (b) livers from rats were pretreated with
(*) p < 0.05 indicates significant differences between LPS alone and LPS bromelain for 7 days and injected with LPS for 24 h. Levels of COX-2,
plus bromelain. COX-1, and B-actin mRNA were assayed by RT-PCR. Values represent

the mean from three independent experiments. Bromelain decreased

COX-2 mRNA as compared with that of the LPS group, (*) p < 0.05.
dependently (186100ug/mL) inhibited the LPS-induced PGE P group. () P

in BV-2 cell culture (p< 0.05). DISCUSSION

Bromelain Inhibited the Expression of COX-2 mMRNA. RT- Enteric preparation has been used for the therapeutic applica-
PCR analyses were performed to assess the effect of CL-tion of digestive enzymes8(,32). Previously, an enteric coating

bromelain on LPS-induced COX-1 and COX-2 mRNA steady- ijth Eudragit RS-100 was found to provide the acid stabilization
state levels. BV-2 cells were treated with bromelain and LPS to diastase or protein38—35). Another method uses water-

for 4 h. The accumulation of COX-2 mRNA levels was inhibited  soluble polyphosphazene which cross-links when exposed to
dose-dependently (10—1@@/mL) by CL-bromelain, whereas  ,_rays to form hydrophilic, water-swellable membranes and
COX-1 mRNA showed no change after such treatmeigure hydrogels 86). We prepared the cross-linking of polysaccharide,
3a). Similarly, LPS-induced COX-2 mRNA expressions in rat |actic acid, and bromelain by irradiation that formed a
livers were reduced dose-dependently (from 10 to 100 mg/kg) polymer, readily released the bromelain moiety, and remained
by CL-bromelain pretreatmentFigure 3b). Therefore, the  stable in an acidic (pH 3) environment. The present result
suppression of COX-2 mRNA expression by bromelain is due demonstrated that rats supplemented with CL-bromelain had

to tranSCfiption regulation thrOUgh its inhibition of N/ significanﬂy reduced inﬂammatory responses.
activation. We found that pretreatment with CL-bromelain reduced
Bromelain Suppressed LPS-Induced MAPK Activation. inflammatory cytokine in rats under endotoxemia. CL-Bromelain

Studies indicate that LPS induces the activation of MAPKs and also reduced the LPS-induced COX-2 mRNA expression but
subsequently activates the transcription factors with the attendantnot COX-1 in rat livers. COX-2 plays a prominent role in the

induction of COX-2 @9, 30). Therefore, we test whether the inflammation associated with adjuvant arthritis, and COX-2-
MAPK signaling pathways are involved in the anti-inflammatory derived PGs upregulate COX-2 and IL-6 expression at inflam-
effect of bromelain. As shown iRigure 4, CL-bromelain dose-  matory sites37). Because COX-1 expression dominates normal
dependently suppressed LPS-activated JNK, ERK1/2, and p38tissues, whereas COX-2 mRNA is induced at the inflammatory
MAPKs at 10 and 30 min. site, COX-2-selective inhibitors are being used as anti-inflam-
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Figure 4. Bromelain-inhibited LPS-induced phospho-MAP kinases in BV-2
cells. Western blots showed that CL-bromelain (50-100 xg/mL) at 10
and 30 min significantly decreased the LPS-induced phospho-JNK, ERK,
and p38 MAPKs. Values represent the mean from three independent
experiments. (*) p < 0.05 as compared with the LPS group.

matory agents without gastric toxicit3§). Because IL-1, IL-

6, and TNFe productions are dependent upon MB-activation
and NF-«B can promote COX-2 gene transcription, COX-2
inhibitors may exert an anti-inflammatory effect by inhibition
of NF-«B (16—19). Our results of reduced cytokine, NF-«B

activation, and COX-2 gene expression by CL-bromelain were

consistent with these studies. P&@oduction was increased

in both blood and lung homogenates of mice in which LPS was
administered i.p. and suppressed by the COX-2 inhibitor NS-
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398 39). In line with this, bromelain dose-dependently inhibited
the LPS-induced PGEand COX-2 mRNA in BV-2 cells.
Therefore, bromelain may be used as an anti-inflammatory
agent.

LPS induced the activation of MAPKs and subsequently
activated the transcription factors with the attendant induction
of COX-2 (27—30). We found that bromelain dose-dependently
suppressed LPS-activated phosphorylation of ERK1/2, JNK, and
p38 MAPKSs. Previously, pretreatment with agents such as the
indolocarbazole Go6976, sesamin, or the p38 MAPK-specific
inhibitors, SB202190 and SB203580, suppressed the LPS-
induced NO, IL-6, and TNF production and phospho-p38
MAPK significantly in murine BV-2 cells 14, 15, 40).
Bromelain-blocked activation of ERK-2 in stimulated T cells
is dependent upon its proteolytic activity, because ERK-2
inhibition is abrogated by E-64, a selective cysteine protease
inhibitor. However, inhibitory effects are not caused by non-
specific proteolysis, because the protease trypsin has no effect
on ERK activation {1). Bromelain also significantly decreased
the clinical and histological severity of colonic inflammation
when administered to piroxicam-exposed IL-46- mice with
established colitis. Proteolytic activity of bromelain is required
for anti-inflammatory effects in vivo41). When oral bromelain
was formulated as an antacid, it retained substantial proteolytic
activity throughout the gastrointestinal tract (42).

In conclusion, our results provide further support for the
hypothesis that oral cross-linked bromelain may potentially
modify inflammation in pretreated animals under LPS stimula-
tion. The anti-inflammatory effect of CL-bromelain was cor-
related with reduced LPS-induced NB-activity and COX-2
MRNA expression and possibly through the suppression of LPS-
activated ERK, JNK, and p38 MAPKs.

LITERATURE CITED

(1) Seligman, B. Bromelain: An anti-inflammatory agefingiology
1962,13, 508—510.

(2) Walker, A. F.; Bundy, R.; Hicks, S. M.; Middleton, R. W.
Bromelain reduces mild acute knee pain and improves well-being
in a dose-dependent fashion in an open study of otherwise healthy
adults.Phytomedicine2002,9, 681—686.

(3) Taussig, S. J.; Batkin, S. Bromelain, the enzyme complex of
pineapple (Ananas comosus) and its clinical application. An
update.J. Ethnopharmacol1988,22, 191—-203.

(4) Beuth, J.; Braun, J. M. Modulation of murine tumor growth and
colonization by bromelaine, an extract of the pineapple plant
(Ananas comosur.). In Vivo 2005,19, 483—485.

(5) Maurer, H. R. Bromelain: Biochemistry, pharmacology, and
medical useCell Mol. Life Sci.2001,58, 1234—1245.

(6) Chandler, D. S.; Mynott, T. L. Bromelain protects piglets from
diarrhoea caused by oral challenge with K88 positive entero-
toxigenic Escherichia coli.Gut 1998,43, 196—202.

(7) Brien, S.; Lewith, G.; Walker, A.; Hicks, S. M.; Middleton, D.
Bromelain as a treatment for osteoarthritis: A review of clinical
studiesEvid. Based Complement. Alternat. M&D04 1, 251—

257.

(8) Engwerda, C. R.; Andrew, D.; Ladhams, A.; Mynott, T. L.
Bromelain modulates T cell and B cell immune responses in
vitro and in vivo.Cell Immunol.2001,210, 66-75.

(9) Barth, H.; Guseo, A.; Klein, R. In vitro study on the im-
munological effect of bromelain and trypsin on mononuclear cells
from humansEur. J. Med. Res2005,10, 325—331.

(10) Engwerda, C. R.; Andrew, D.; Murphy, M.; Mynott, T. L.
Bromelain activates murine macrophages and natural killer cells
in vitro. Cell Immunol.2001,210, 5-10.



2198 J. Agric. Food Chem., Vol. 54, No. 6, 2006

(11) Mynott, T. L.; Ladhams, A.; Scarmato, P.; Engwerda, C. R.
Bromelain, from pineapple stems, proteolytically blocks activa-
tion of extracellular regulated kinase-2 in T cellls.Immunol.
1999,163, 2568—2575.

(12) Geppert, T. D.; Whitehurst, C. E.; Thompson, P.; Beutler, B.
Lipopolysaccharide signals activation of tumor necrosis factor
biosynthesis through the ras/raf-1/MEK/MAPK pathwajol.
Med.1994,1, 93-103.

(13) Jiang, J. X.; Zhang, Y.; Ji, S. H.; Zhu, P.; Wang, Z. G. Kinetics
of mitogen-activated protein kinase family in lipopolysaccharide-
stimulated mouse Kupffer cells and their role in cytokine
production.Shock2002,18, 336—341.

(14) Jeng, K. C.; Hou, R. C.; Wang, J. C.; Ping, L. I. Sesamin inhibits
lipopolysaccharide-induced cytokine production by suppression
of p38 mitogen-activated protein kinase and nuclear facBor-
Immunol. Lett.2005,97, 101—106.

(15) Jeohn, G. H.; Cooper, C. L.; Jang, K. J.; Liu, B.; Lee, D. S;;
Kim, H. C.; Hong, J. S. Go6976 inhibits LPS-induced microglial
TNFa release by suppressing p38 MAP kinase activation.
Neuroscience002,114, 689—697.

(16) Yoza, B. K.; Hu, J. Y.; McCall, C. E. Protein-tyrosine kinase
activation is required for lipopolysaccharide induction of inter-
leukin 15 and NF-«xB activation, but not NkB nuclear trans-
location.J. Biol. Chem.1996,271, 18306—18309.

(17) Baldwin, A. S., Jr. The NkB and kB proteins: New discoveries
and insightsAnnu. Rev. Immunoll996,14, 649—683.

(18) Poligone, B.; Baldwin, A. S. Positive and negative regulation
of NF-«xB by COX-2: Roles of different prostaglandirds.Biol.
Chem.2001,276, 38658—38664.

(19) Shishodia, S.; Koul, D.; Aggarwal, B. B. Cyclooxygenase
(COX)-2 inhibitor celecoxib abrogates TNF-induced NB-
activation through inhibition of activation okB o kinase and
Akt in human non-small cell lung carcinoma: Correlation with
suppression of COX-2 synthesik.Immunol2004,173, 2011—
2022.

(20) Rouzer, C. A;; Kingsley, P. J.; Wang, H.; Zhang, H.; Morrow,
J. D.; Dey, S. K.; Marnett, L. J. Cyclooxygenase-1-dependent
prostaglandin synthesis modulates tumor necrosis fact@ere-
tion in lipopolysaccharide-challenged murine resident peritoneal
macrophages). Biol. Chem2004,279, 34256—34268.

(21) Leipner, J.; Iten, F.; Saller, R. Therapy with proteolytic enzymes
in rheumatic disorderBioDrugs2001,15, 779—789.

(22) Tilwe, G. H.; Beria, S.; Turakhia, N. H.; Daftary, G. V.; Schiess,
W. Efficacy and tolerability of oral enzyme therapy as compared
to diclofenac in active osteoarthrosis of knee joint: An open
randomized controlled clinical triall. Assoc. Physicians India
2001,49, 617—621.

(23) Desser, L.; Rehberger, A.; Kokron, E.; Paukovits, W. Cytokine
synthesis in human peripheral blood mononuclear cells after oral
administration of polyenzyme preparatio@ncology1993,50,
403—407.

(24) Graham, L. A comprehensive survey of the acid-stable fluores-
cent cross-links formed by ribose with basic amino acids, and
partial characterization of a novel Maillard cross-lifochim.
Biophys. Actal996,1297, 9-16.

(25) Marquie, C. Chemical reactions in cottonseed protein cross-
linking by formaldehyde, glutaraldehyde, and glyoxal for the
formation of protein films with enhanced mechanical properties.
J. Agric. Food Chem2001,49, 4676—4681.

(26) Boyce, C. INNOVO’S Handbook of Practical Biotechnolagy
NOVO Industry, A/S Enzymes Division: Bagsvaerd, Denmark,
1986.

(27) Walter, H. E. Method with haemoglobin, casein, and azocoll as
substrate. IlMethods of Enzymatic AnalysBergmeyer, H. U.,
Ed.; Verlag Chemie GmbH: Weinheim, Germany, 1981; Vol.
5, pp 270—275.

Hou et al.

(28) Segain, J. P.; Raingeard de la Bletiere, D.; Bourreille, A.; Leray,
V.; Gervois, N.; Rosales, C.; Ferrier, L.; Bonnet, C.; Blottiere,
H. M.; Galmiche, J. P. Butyrate inhibits inflammatory responses
through NEB inhibition: Implications for Crohn’s diseas&ut
2000,47, 397—-403.

(29) Mestre, J. R.; Mackrell, P. J.; Rivadeneira, D. E.; Stapleton, P.
P.; Tanabe, T.; Daly, J. M. Redundancy in the signaling pathways
and promoter elements regulating cyclooxygenase-2 gene expres-
sion in endotoxin-treated macrophage/monocytic céliBiol.
Chem.2001,276, 3977—3982.

(30) Caivano, M.; Gorgoni, B.; Cohen, P.; Poli, V. The induction of
cyclooxygenase-2 mRNA in macrophages is biphasic and
requires both CCAAT enhancer-binding protgin(C/EBP f5)
and C/EBPJ transcription factorsJ. Biol. Chem.2001, 276,
48693—48701.

(31) Manhart, N.; Akomeah, R.; Bergmeister, H.; Spittler, A.; Ploner,
M.; Roth, E. Administration of proteolytic enzymes bromelain
and trypsin diminish the number of CD4+ells and the
interferony response in Peyer’'s patches and spleen in endo-
toxemic balb/c miceCell Immunol.2002,215, 113—119.

(32) Baumhackl, U.; Kappos, L.; Radue, E. W.; Freitag, P.; Guseo,
A.; Daumer, M.; Mertin, J. A randomized, double-blind, placebo-
controlled study of oral hydrolytic enzymes in relapsing multiple
sclerosis Mult. Scler.2005,11, 166—168.

(33) Vyas, S. P.; Gogoi, P. J.; Pande, S.; Dixit, V. K. Enteric spherules
diastase in enzyme preparatiods.Microencapsulatiorf991,

8, 447—454.

(34) Mi, F. L. Synthesis and characterization of a novel chitosan-
gelatin bioconjugate with fluorescence emissiBramacromol-
ecules2005,6, 975—987.

(35) Hori, M.; Onishi, H.; Machida, Y. Evaluation of Eudragit-coated
chitosan microparticles as an oral immune delivery systam.

J. Pharm.2005,297, 223—234.

(36) Allcock, H. R.; Kwon, S.; Riding, G. H.; Fitzpatrick, R. J.;
Bennett, J. L. Hydrophilic polyphosphazenes as hydrogels:
Radiation cross-linking and hydrogel characteristics of poly[bis-
(methoxyethoxyethoxy)phosphazenddiomaterials 1988 9,
509—513.

(37) Anderson, G. D.; Hauser, S. D.; McGarity, K. L.; Bremer, M.
E.; Isakson, P. C.; Gregory, S. A. Selective inhibition of
cyclooxygenase (COX)-2 reverses inflammation and expression
of COX-2 and interleukin 6 in rat adjuvant arthritiy. Clin.
Invest.1996,97, 2672—2679.

(38) Seibert, K.; Zhang, Y.; Leahy, K.; Hauser, S.; Masferrer, J.;
Isakson, P. Distribution of COX-1 and COX-2 in normal and
inflamed tissuesAdv. Exp. Med. Biol. A997,400, 167—170.

(39) Reddy, R. C.; Chen, G. H.; Tateda, K.; Tsai, W. C.; Phare, S.
M.; Mancuso, P.; Peters-Golden, M.; Standiford, T. J. Selective
inhibition of COX-2 improves early survival in murine endo-
toxemia but not in bacterial peritoniti&ém. J. Physiol. Lung
Cell Mol. Physiol.2001,281, L537—L543.

(40) Hou, R. C.; Chen, H. L.; Tzen, J. T.; Jeng, K. C. Effect of sesame
antioxidants on LPS-induced NO production by BV2 microglial
cells. NeuroRepor2003,14, 1815—1819.

(41) Hale, L. P.; Greer, P. K.; Trinh, C. T.; Gottfried, M. R. Treatment
with oral bromelain decreases colonic inflammation in the IL-
10-deficient murine model of inflammatory bowel diseaSkn.
Immunol.2005,116, 135—142.

(42) Hale, L. P. Proteolytic activity and immunogenicity of oral
bromelain within the gastrointestinal tract of midat. Immu-
nopharmacol2004,4, 255—264.

Received for review September 27, 2005. Revised manuscript received
January 6, 2006. Accepted January 9, 2006. This study was supported
by a grant (NSC922320B075A004) from the National Science Council
of Taiwan, Republic of China.

JF052390K



