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ABSTRACT 

Inflammatory mediators produced during inflammatory response play an important role on pathological development 
of several chronic diseases. Although several dietary plants exhibited anti-inflammatory property, their impacts as a 
whole food has been rarely reported. The aim of the present study is to assess anti-inflammatory activity of an ethanol 
extract from a whole food namely “ready to eat stir-fry chicken with green curry” consisting of green curry paste, big 
egg plant, pea egg plant, red chili, kaffer lime and sweet basil as plant-based ingredients. The food extract at 55 - 220 
μg/ml was incubated with RAW264.7 murine macrophage cells prior to stimulation with lipopolysaccharide (LPS) for 
24 h. Inflammatory mediators [(inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis fac-
tor (TNF-) and interleukine-6 (IL-6)] mRNA and protein were determined by RT-PCR, immunoblot and ELISA respec-
tively. The modulation mechanism by the food extract was observed by measuring the phosphorylated form of mitogen 
activated protein kinases (MAPKs) and inhibitor kappa B alpha (IB-). The ready to eat stir-fry chicken with green 
curry extract significantly suppressed LPS-induced iNOS, COX-2, IL-6 and TNF- gene expression in a dose-depend- 
ent manner without cytotoxicity. The suppressive effect was modulated partly by inhibiting phosphorylation of MAPKs 
and IB-. These results indicate that spices and vegetables in a complex diet still possess strong anti-inflammatory 
activities which warrant confirming such activities to ameliorate the pathogenesis of inflammatory-associated chronic 
diseases in vivo.  
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1. Introduction 

More and more evidence supports the concept that 
inflammation plays a central role to develop pathology of 
various chronic diseases such as cardiovascular disease, 
diabetes, arthritis, neurodegenerative, autoimmune disea- 
ses and cancer [1]. The macrophage is an inflammatory 
immune cell playing a predominant role during inflam- 
mation. It can be induced by various stimuli resulting in 
activating the inflammatory upstream pathway of inhibi- 
tor kappa B kinase-nuclear factor kappa B (IKK-NF-B) 
and three mitogen-activated protein kinases (MAPKs): p- 
38, c-Jun N-terminal kinases (JNK) and extracellular 
signal-regulated kinases (Erk1/2) [2]. Subsequent activa- 

tion of downstream cascade signal transduction pathways,  
NF-B and activator protein-1 (AP-1) regulate expres- 
sion of more than 400 genes associated with biological 
functions [2] such as pro-inflammatory cytokines, adhe- 
sion molecules and pro-inflammatory enzymes [1]. Pro- 
inflammatory status in turn enhances innate immune 
signaling resulting in activation of NF-B to develop a 
vicious cycle leading to initiate and aggravate pathogene- 
sis of many chronic inflammatory associated diseases 
[3]. 

A number of in vitro and in vivo studies supported the 
finding that nutraceuticals from dietary vegetables, spices 
and herbs suppressed inflammatory responses on multi- 
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ple targets [4]. Both crude extracts and pure compounds 
isolated from spices and herbal vegetables have been 
demonstrated to suppress pro-inflammatory genes ex- 
pression [5-6] by inhibiting phosphorylation of signaling 
proteins in signal transduction pathways which activate 
NF-κB mediated transcription of pro-inflammatory genes. 
Spices and herbs have long been used in ancient times in 
the tropical belt regions including Asia for culinary and 
medicinal purposes. Due to their daily consumption and 
relatively high intake compared with standard pharma- 
ceutical agents, their impacts on human health are of 
increasing interest. In addition, various phytochemicals 
in a whole diet have been postulated to synergistically 
exert their health benefit functions via multiple pathways 
[5], rather than through a single specific one as for a 
pharmaceutical counterpart. A great challenge is to de- 
fine potential mechanisms of spices and herbs in a whole 
dish to alleviate pathogenesis of such diseases. As with 
other Asian diets, habitual Thai foods usually consist of 
several spices and herbs in their recipes. 

Thus, the present study aims to define the anti-in- 
flammatory mechanism of a ready-to-eat recipe, namely 
“stir-fry chicken with green curry”, which consists of 
chicken meat, green curry paste (a mixture of 9 spices), 
big egg plant, pea egg plant, red chili, kaffer lime, and 
sweet basil in its recipe. A well defined LPS-induced 
murine macrophage RAW264.7 cell line was used to 
assess anti-inflammatory activities of this food extract. 
The results provide supportive scientific data to confirm 
the health benefit effects of the mixed spices and herbs 
present in the whole diet.  

2. Materials and Methods 

2.1. Chemicals and Reagents 

Dulbecco’s modified Eagle’s medium (DMEM), lipopo- 
lysaccharide (LPS) (E. coli O11:B4), and anti--actin- 
HRP were purchased from Sigma-Aldrich (St. Louis, 
MO). Fetal bovine serum (FBS) was obtained from PAA 
Laboratories (Haidmannweg, Austria). Penicillin and 
streptomycin were obtained from Invitrogen (Grand 
Island, NY). Antibodies against inducible nitric oxide 
synthase (iNOS), cyclooxygenase-2 (COX-2), phospho- 
p38 (p-p38), p38, phospho-JNK (p-JNK), JNK, phospho- 
Erk1/2 (p-Erk1/2), Erk1/2, phospho-inhibitor kappa B 
alpha (p-IB-α) and IB-α were purchased from Cell 
Signaling Technology (Danvers, MA). All other chemi- 
cals and reagents were analytical or HPLC grade.  

2.2. Cell Culture  

Murine macrophage cell lines RAW 264.7 purchased 
from American Type Culture Collection (Manassas, VA, 
USA) were cultured in complete medium consisting of 

DMEM with 10% FBS, 15 mM [N-(2-Hydroxyethyl) 
piperazine-N’-(2-ethanesulfonic acid)] (HEPES), 100 
units/ml penicillin and 100 g/ml streptomycin at 37˚C 
in an atmosphere of 5% CO2. Cells at 7.5 × 105 cells/ml 
were cultured with serum and phenol red-free DMEM 
containing extract for 1 h prior to incubation with 5 
ng/ml LPS for 24 h.  

2.3. Preparation and Extraction Stir-Fry 
Chicken with Green Curry 

The stir-fry chicken with green curry (198 g fresh weight 
per serving) consisted of 7.8 g chicken meat without skin, 
13 g of green curry paste [a combination of fresh green 
chili pepper fruits (Capsicum annuum) 31%, fresh lemon 
grass stem (Cymbopogon citrates) 21%, garlic bulb (Al- 
lium vineale) 18.5%, fresh galangal root (Alpinia galan- 
gal) 8.5%, dried kaffer lime peel (Citrus hystrix) 2%, 
dried pepper seed (Piper nigrum) 0.5%, coriander seed 
(Coriandrum vulgare) 1%, cumin (Cuminum cyminum) 
0.5%, tumeric root (Curcuma longa) 0.5%, and shrimp 
paste 4% with 12% less sodium salt], big egg plant fruits 
or brinjal (Solanum melongena) 39 g, pea egg plant fruits 
(Solanum torvum) 8 g, red chili fruit (Capsicum annuum) 
4 g, kaffer lime leaves (Citrus hystrix) 1 g, sweet basil 
(Ocimum basilicum) 8 g, sorbitol 6 g, fishsauce 1 g, oil 
10 g and water 31 g. The cooking method was prepared 
like the traditional fashion in Thai kitchen. The green 
curry paste was stir-fried in oil over medium heat for 5 
min followed by addition of chicken and stir-fried until 
cooked. The big egg plant, pea egg plant, red chili fruit 
with water were subsequently stir-fried until cooked. 
Fishsauce and sorbitol were added as seasonings and 
topped up with kaffer lime leaves and sweet basil leaves. 
The ready-to-eat stir-fried chicken with green curry paste 
was freeze dried and packed in vacuum aluminum foil 
and stored at –20˚C until used. The freeze dried sample 
was extracted twice at ratio 0.1 g sample/3ml of 90% 
ethanol. After centrifugation at 4500 g for 10 min, the 
combined supernatant was evaporated under vacuum at 
45˚C - 50˚C for 10 min. The yield of the dry extract was 
22%. The dry extract was resolubilized with 0.2% final 
concentration of dimethyl sulfoxide (DMSO): ethanol 
(1:1) and further diluted to desired concentration with 
serum and phenol red-free DMEM prior to addition to 
cell cultures.  

2.4. HPLC Analysis  

The dry residues of the ethanol extract were reconstituted 
with 1 ml of mobile phase solution prior to analysis of 
the carotenoid contents by reverse phase HPLC. The 
HPLC system consisted of a Waters 600 Controller mod- 
ule with photodiode array detector (PDA) (Agilent 1100 
series, Santa Clara, CA, U.S.A). The column sytem was 
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composed of guard cartridges C18 (Phenomenex KJO- 
4282, Torrance, CA, USA) connected with a VYDAC 
201TP54 (250 mm × 4.6 mm) C18 reversed-phase col- 
umn, particle size 5-m (GRACE, Hesperia, CA, U.S.A). 
Carotenoids were eluted by an isocratic mobile phase 
consisting of acetonitrile/methanol/ dichloromethane (80: 
11:9 v/v/v) with 0.1% (v/v) triethylamine and 0.1% (w/v) 
ammonium acetate with 20 l injection volume at flow 
rate of 0.7 ml/min. The chromatograms were monitored 
at 450 nm and quantified by comparison of retention time 
and peak area against a pure standard curve of carote- 
noids. 

The phenolic contents in the dry extract were recon- 
stituted in 2 ml of acid methanol (62.5% methanol: 6M 
HCl, 4:1 v/v) and incubated at 70˚C in a shaking water 
bath for 2 h prior to analysis by HPLC. The HPLC sys- 
tem (Agilent 1100 series; Agilent Technologies, Santa 
Clara, CA, U.S.A.) consisted of an auto-sampler injector 
at 4˚C. The column consisted of an Eclipse XDB-C18 
guard column (4.6 mm × 12.5 mm, 5 µm, Agilent Tech- 
nologies, U.S.A.) connected with a Zorbax Eclipse XDB- 
C18 column (4.6 mm × 150 mm, 5 µm, Agilent Tech- 
nologies, U.S.A.) and maintained at 30˚C. The mobile 
phase consisted of 100% water containing 0.5% (w/w) 
trifluoroacetic acid (TFA) (solvent A), 100% methanol 
containing 0.5% (w/w) TFA (solvent B), and 100% ace- 
tonitrile containing 0.5% (w/w) TFA (solvent C). Pheno- 
lic content was eluted by a gradient profile of mobile 
phase as previously described [7] with 5 l injection 
volume at 0.6 mL/min. The chromatograms were moni- 
tored at 338 nm and evaluated by ChemStation program 
(Agilent Technologies, U.S.A.). The amount of each 
phenolic compound was quantified by comparing reten- 
tion times, spectrum and peak area with pure standards. 

2.5. Cytotoxic Assay 

Cell viability was assessed by protein staining with Sul- 
forhodamine B (SRB) [8]. The treated cells monolayer 
was fixed with 50% cold Trichloroacetic acid (TCA) at 
4˚C for 2 h. Cells were stained with 0.1% w/v SRB in 
1% acetic acid and dissolved with 10 mM Tris-hydroxyl- 
methylaminomethane before measuring absorbance at 
500 nm by microplate reader (TECAN Austria GmbH, 
Salzburg, Austria).  

2.6. Measurement of Nitric Oxide (NO),  
Tumor Necrosis Factor-Alpha (TNF-),  
Interlekin-6 (IL-6) 

RAW 264.7 cells were incubated with food extract at 55 
- 220 µg/ml for 1 h prior to incubate with LPS. The cell 
culture media were collected to determine nitrite, a stable 
product of nitric oxide (NO) by the Griess reaction [9]. 

Nitrite concentration was calculated by comparison with 
sodium nitrite. The sandwich ELISA was used to meas- 
ure TNF- and IL-6 by using paired antibodies pur- 
chased from eBioscience Inc. (San Diego, CA, USA). In 
brief, 96-well plates (NUNC, Roskilde, Denmark) were 
incubated with capture antibody against TNF- and IL-6 
overnight and incubated with 1% bovine serum albumin 
(BSA) in phosphate buffered saline (PBS). Culture me- 
dium or recombinant mouse TNF- and IL-6 proteins 
were incubated to the coated primary antibody at 4˚C 
overnight prior to addition with biotinylated antibodies. 
The complex was detected with streptavidin conjugated 
with peroxidase-tetramethylbenzidine detection system 
(Endogen, Rockford, IL, USA). The reaction was termi- 
nated by H2SO4 and absorbance at 450 nm was deter- 
mined using a microtiter plate reader. Concentrations of 
TNF- and IL-6 were calculated by comparing absorb- 
ance with the standard curve.  

2.7. Western Blot Analysis  

In brief, treated cells were washed twice with ice-cold 
PBS and resuspended in ice cold lysis buffer containing 
50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 
1% Triton X-100, 0.1% SDS, 50 mM NaF, 10 mM so- 
dium pyrophosphate and 0.2% protease inhibitor cocktail 
(Sigma) for 30 min at 4˚C. Cell lysate was obtained by 
centrifugation at 13,000 g at 4˚C for 10 min. Protein con- 
tent was determined by BCA method (Pierce, Rockford, 
IL). Protein 40 g (iNOS and COX-2) and 30 g (MAPKs 
and IB) was separated on 10% SDS-PAGE and trans- 
ferred onto nitrocellulose membranes (Whatman GmbH, 
Dassel, Germany). Membranes were incubated with 5% 
nonfat dry milk in Tris-buffer containing 0.1% Tween 
(TBST) and incubated overnight at 4˚C with specific 
primary antibody in TBST containing 5% BSA. The 
membranes were reacted with peroxidase-conjugated 
with species specific secondary antibody (Sigma). The re- 
active bands on membranes were visualized by Super 
Signal solution (Endogen Inc, Rockford, IL). The mem- 
branes were stripped off the bound antibody and reprobed 
with anti- actin or non-phosphorylated MAPKs anti- 
bodies as a control. The density of target bands was quan- 
tified by Image J program (download from http://rsb.info. 
nih.gov/ij/). Results are expressed as relative ratio of 
band density between target protein/-actin proteins. 

2.8. RNA Extraction and RT-PCR 

Total RNA of treated cells was extracted with Trizol (In- 
vitrogen, Grand Island, NY) following the manufac- 
turer’s instruction. The cDNA was obtained from reverse 
transcription of one g total RNA with oligo-dT18 
primer by using reverse transcriptase (SuperScriptTM III 
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Reverse Transcriptase, Invitrogen, USA) following the 
manufacturer’s instruction. The gene-specific primers 
sequences were previously described elsewhere [10]. 
Gene amplification was performed in a MyCycler ther- 
mal cycler (BioRad, Hercules, CA, USA) under the fol- 
lowing conditions: denaturation at 95˚C for 15 min for 
the first cycle; 94˚C for 30 s annealing at 62˚C (COX-2 
and IL-6) or 58.1˚C (iNOS) or 55˚C  (TNF-) for 30 s 
and extension at 72˚C (iNOS) and 68˚C (COX-2, TNF- 
and IL-6) for 45 s for 25 repetitive cycles (COX-2, iNOS 
and IL-6) or 23 repetitive cycles (TNF-). Final exten- 
sion was done at 72˚C for 10 min. Each target gene was 
conducted by duplex amplification with -actin primers 
as an internal control. The PCR products were separated 
on 1.5% agarose gel and stained with 1% ethidium bro- 
mide. The density of target bands was quantified by Im- 
age J program. Results were expressed as relative ratio of 
band intensity between target mRNA/-actin mRNA. 

2.9. Measurement of Intracellular Reactive 
Oxygen Species (ROS) 

The intracellular ROS generated by LPS-challenged 
RAW264.7 cells was measured as previously described 
[11]. The treated cells were rinsed with PBS (37˚C) and 
incubated with 5 M 2’,7’-dichlorofluorescein diacetate 
(DCF-DA) (Sigma) at 37˚C for 30 min. Cells diffused 
with DCF-DA were washed with PBS and lysed with 
0.5% TritonX-100. The supernatant after centrifugation 
at 12,000 g for 5 min was collected to measure at excita- 
tion wavelength at 485 nm and emission wavelength at 
530 nm by Luminescence Spectrometer LS55 (Perkin 
Elmer Instruments LCC, Shelton, CT). 

2.10. Statistical Analysis 

All statistical analysis was performed using SPSS (ver- 
sion 14.0, SPSS Inc., Chicago, Illinois). Data are pre- 
sented as means ± SD. The mean values were calculated 
from at least three separate experiments conducted on 
separate days. Statistical differences were determined by 
one-way analysis of variance (ANOVA) followed by 
Duncan’s multiple range test for multiple comparison of 
group means. Significance was set at P < 0.05. 

3. Results 

3.1. Carotenoids and Phenolic Content  

The food extract contained lutein at 4.4 ± 0.2 g/g and - 
carotene at 3.4 ± 0.1 g/g dry weight. It also contained 
chlorogenic acid 17.9 ± 1.3, caffeic acid 23.2 ± 0.8, 
quercetin 28.9 ± 1.5, luteolin 6.5 ± 0.4 and apigenin 5.3 ± 
0.4 g/g dry weight. 

3.2. Effect of Stir-Fry Chicken with Green Curry 
Extract on Cells Viability 

The inhibitory effect of the food extract on LPS-induced 
proinflammatory mediator expression was investigated; 
therefore the extract concentration must not be cytotoxic. 
There was no cytotoxicity on RAW264.7 cells incubated 
with the food extract at 55 - 220 g/ml prior to co-incu- 
bation with LPS for 24 h (data not shown). Therefore the 
observed effect on the next experiment was due to the 
potency of the extract itself.  

3.3. Stir-Fry Chicken with Green Curry Extract 
Suppresses LPS-Induced iNOS Expression  

Nitric oxide is a well known reactive nitrogen species 
playing pathological role in several inflammatory associ- 
ated diseases. Exposure of macrophages with LPS activa- 
tes NO generation from L-arginine through iNOS activity 
in macrophage. In the present study, LPS-induced RAW- 
264.7 cells significantly enhanced production of nitrite 
(Figure 1(a)). The LPS-induced NO production was 
significantly reduced by pretreatment with the extract at 
55 - 220 g/ml by 26% - 88% (Figure 1(a)) with the 
IC50 at 97 g/ml. To confirm whether the reduction of 
NO levels by the extract was due to reduction of iNOS 
expression, iNOS mRNA and protein level were 
measured. The results indicated that reduction of NO 
level correlated with decrease iNOS protein and mRNA 
levels. The extracts inhibited iNOS protein expression at 
40% - 78% with IC50 at 103 g/ml and mRNA level at 
11% - 25% (Figures 1(b) and (c)). Thus, this food 
extract attenuated LPS-induced NO concentration by 
suppressing iNOS mRNA level. 

3.4. Stir-Fry Chicken with Green Curry Extract 
Attenuates LPS-Induced COX-2, TNF- and 
IL-6 Expression 

Moreover, COX-2 protein, a pro-inflammatory enzyme, 
is also known to be induced by LPS. Upon challenging 
with LPS, RAW264.7 cells highly expressed COX-2 
protein and mRNA (Figures 2(a) and (b)). Pretreated 
cells with the extract suppressed COX-2 protein by 30% 
- 87% with IC50 at 90 g/ml (Figure 2(a)) and mRNA 
expression by 14% - 61% with IC50 at 180 g/ml (Fig-
ure 2(b)). To be expected, LPS also up regulated TNF- 
and IL-6 expression by RAW 264.7 cells in the present 
study (Figures 3,4). The extract reduced TNF- level by 
50% - 76% with IC50 at 55 g/ml (Figure 3(a)) and 
mRNA content by 11% - 47% (Figure 3(b)). Similar to 
TNF-, the extract diminished IL-6 secretion by 83% - 
99% with IC50 at 33 g/ml (Figure 4(a)) and mRNA by 
29% - 95% with IC50 at 68 g/mL (Figure 4(b)). These  
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Figure 1. Stir-Fry chicken with green curry extract sup- 
presses LPS-induced iNOS expression. Cells were treated as 
described in materials & methods. The culture medium was 
assayed for NO (a) iNOS protein was measured in cell lys- 
ate using β-actin as a control (b) iNOS mRNA was quanti- 
tated by RT-PCR using β-actin as an internal control (c) 
Values are expressed as mean  SD in three independent 
experiments. *P < 0.05 compared with LPS treatment alone. 

results indicated that the active compounds in this food 
extract decreased COX-2, TNF- and IL-6 production by 
suppression of their cognate mRNA levels. 

 

Figure 2. Stir-Fry chicken with green curry extract inhibits 
COX-2 expression. COX-2 protein was measured in cell 
lysate using β-actin as a control (a) COX-2 mRNA was 
quantitated by RT-PCR using β-actin as an internal control 
(b) Results are expressed as relative ratio of COX-2 to - 
actin protein and mRNA. Values are presented as mean  
SD in three independent experiments. *P < 0.05 relative to 
LPS treatment alone. 

3.5. Inhibition by Stir-Fry Chicken with Green 
Curry Extract of LPS-Induced MAPK 
Signaling Pathways  

Mitogen activated protein kinases (MAPKs) including 
Erk1/2, p38 and JNK are upstream signal transduction 
kinases which involve in expression of iNOS, COX-2, 
TNF-α and IL-6 induced by LPS. Therefore, to define 
whether the extract inhibited pro-inflammatory mediator 
expression via modulation of MAPKs phosphorylation, 
phosphorylated form of MAPKs in experimental condi- 
tion was monitored as described in the methods. RAW- 
264.7 cells exposed with LPS significantly activated 
Erk1/2, p38 and JNK phosphorylation (Figures 5(a)-(c)). 
Pretreatment the cells with the extract prior to co-incu-  
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Figure 3. Stir-fry chicken with green curry extract attenu- 
ates LPS-enhanced TNF- expression. Results are pre- 
sented as mean  SD in three independent experiments. *P < 
0.05 relative to LPS treatment alone. 

bate with LPS reduced phosphorylation of p38 (p-p38) 
by 11% - 77% with IC50 at 122 g/ml (Figure 5(a)), p- 
JNK by 22% - 73% with IC50 at 134 g/ml (Figure 5(b)) 
and p-Erk1/2 22% - 79% with IC50 at 115 g/ml (Figure 
5(c)). Thus, the phytochemicals in this food extract sup- 
pressed LPS-induced pro-inflammatory mediators pro- 
duction partly through inactivated upstream signal trans- 
duction pathway MAPKs proteins. 

NF-B, a master transcription factor, is known to up 
regulate proinflammatory mediator expression after func- 
tional cells including macrophage expose to LPS. In rest- 
ing state, NF-B is sequestered by IB-α in the cyto- 
plasm. When macrophages expose to LPS, NF-B sig- 
naling cascade is activated and results in IB-α phos- 
phorylation and degradation. NF-B is released and 
translocates into the nucleus where it up regulates ex- 
pression of pro-inflammatory mediators. Thus, we inves- 
tigated the effect of food extract on phosphorylated IB- 
. The food extract significantly decreased p-IB- level 
by 20% - 75% with IC50 at 128 g/ml (Figure 6) with- 
out affecting the degradation of IB- (data not shown). 
These activities of the extract lasted up to 24 h. These 
results indicated that the stir-fried chicken with green  

 

Figure 4. Stir-fry chicken with green curry extract sup- 
presses LPS-enhanced IL-6 expression. Results are pre- 
sented as mean  SD in three independent experiments. *P < 
0.05 relative to LPS treatment alone. 

curry extract inhibited LPS-induced iNOS, COX-2, TNF- 
 and IL-6 by RAW264.7 cells via partly blocking phos- 
phorylation of IB-.  

3.6. Stir-Fry Chicken with Green Curry Extract 
Decreases Intracellular ROS Level  

Reactive oxygen species are produced via the activation 
of a membrane-bound NADPH oxidase after macrophage 
stimulation with LPS which leads to activation of MAPKs 
and NF-κB nuclear translocation and results in expres- 
sion of pro-inflammatory mediator. High level of intra- 
cellular ROS is one of contributing factors of arthero- 
sclerosis development. Inactivation of MAPKs and IB 
by this food extract may be due to its reactive scavenging 
capacity, therefore the LPS-induced ROS level cultured 
with extract was monitored. The intracellular ROS sig- 
nificantly enhanced in LPS-induced RAW264.7 cells 
(Figure 7) but decreased by 26% - 86% with IC50 at 103 
g/ml when treatment with the food extracts (Figure 7). 
Thus, inactivated phosphorylation of MAPKs and IB by 
this food extract may be due to reactive scavenging ca- 
pacity of the food extract to reduce ROS accumulation.  
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Figure 5. Stir-Fry chicken with green curry extract inacti- 
vates LPS-induced MAPK signaling pathway. Results are 
expressed as ratio of p-JNK, p-p38 and p-Erk1/2 relative to 
total forms of the proteins. Values are presented as mean  
SD in three independent experiments. *P < 0.05 relative to 
LPS treatment alone. 

 

Figure 6. Inhibition of stir-fry chicken with green curry 
extract on LPS-induced phosphorylation of IB-. Results 
are expressed as ratio of p-IB- to -actin. Values are pre- 
sented as mean  SD in three independent experiments. *P < 
0.05 relative to LPS treatment alone. 

 

Figure 7. Stir-Fry chicken with green curry extract de- 
creases LPS-induced intracellular ROS accumulation. Val- 
ues are presented as mean  SD in three independent ex- 
periments. *P < 0.05 relative to LPS treatment alone. 

4. Discussion 

Phytochemicals present in the ethanol extract of stir-fry 
chicken with green curry in the present study clearly ex- 
hibit anti-inflammatory properties by suppressing pro- 
duction of LPS-induced inflammatory mediators. The 
extract exerted these activities partly through inactivating 
the phosphorylation of IB and MAPK Erk1/2, p38 and 
JNK. In addition the food extracts also exhibit high ca- 
pacity to scavenge reactive oxygen species in LPS-in- 
duced murine macrophage cells.  
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Stir-fry chicken with green curry paste is one of the 
popular Thai cuisines. Its recipe consists of chicken meat, 
green curry paste, big egg plant fruits, pea egg plant 
fruits, sweet basil leaves, red chili pepper fruits and kaf- 
fer lime leaves. The green curry paste recipe comprised 
of 9 spices which has been shown to have a strong anti- 
inflammatory activity in the same cell model (unpub- 
lished data). The green curry paste contributes only 6.5% 
of the whole dish composition; we postulated that it may 
partially exert the anti-inflammatory activity with the 
other ingredients of the whole dish not to be the main 
player.  

The big egg plant and pea egg plant fruits contribute 
around 20% of the recipe. Egg plant fruits are rich in 
phenolic acids such as caffeic acid, chlorogenic acid (5- 
O-caffeoylquinic acid) and other caffeoyl esters. They 
are potent free radical scavengers found in plant tissues 
[12]. The present study found chlorogenic acid at 17.9 ± 
1.3 g/g and caffeic acid at 23.2 ± 0.8 g/g in the stir- 
fried chicken with green curry extract. Chlorogenic acid 
has been demonstrated to exhibit anti-inflammatory and 
antioxidant properties in vitro and in vivo [13-14]. Chlo- 
rogenic acid-rich coffee has been recently demonstrated 
to induce the Nrf2 (nuclear factor-erythroid 2-related 
factor-2)/antioxidant-response element (ARE) detoxify- 
ing pathway in vitro and in vivo [13]. In addition, hu- 
mans consuming instant coffee at 800 ml/day for 5 days 
decreased oxidative stress markers 8-isoprostaglandin 
F2α by 15.3% and 3-nitrotyrosine by 16.1% in urine [14]. 
Caffeic acid phenethyl ester (CAPE) has been shown to 
exhibit anti-inflammatory activity in vitro and in vivo 
[15]. A previous report indicated that CAPE inhibited 
LPS-induced NO and prostaglandin E2 (PGE2) produc- 
tion and suppressed iNOS and COX-2 via blocking NF- 
B translocation and DNA-binding in LPS-stimulated 
RAW 264.7 cells. This effect was mediated through the 
inhibition of IB degradation and phosphorylation of p38 
and Erk1/2 in part by decreased intracellular ROS. The 
same study also found that CAPE could rescue C57BL/6 
mice from lethal LPS-induced septic shock while their 
serum TNF- and IL-1 also decreased [15]. Antioxidant 
activity of caffeic acid was also showed in t-butyl hy- 
droperoxide-induced oxidative stress in U937 human 
monocytic cells by blocking glutathione depletion and 
inhibiting lipid peroxidation [16]. These data supported 
that chlorogenic and caffeic acids in this food extract 
may play a role to attenuate LPS-induced enhanced TNF- 
, COX-2 and iNOS expression by blocking phosphory-
lation of p38 and Erk1/2 and IB- resulting from reduc- 
tion of ROS in LPS-activated RAW264.7 cells in the 
present study.  

Apart from big egg plant, the recipe also contains 4% 

of pea egg plant (S. torvum) fruits and sweet basil O. 
basilicum. The ethanol extracts from pea egg plant and 
sweet basil have been previously shown to suppress LPS- 
induced NO and TNF- produced by RAW264.7 cells 
[17]. Treatment with S. torvum (100 mg/kg and 300 
mg/kg) significantly increased the antioxidant defense 
enzyme levels of superoxide dismutase (SOD) and cata- 
lase (CAT) in kidney of doxorubicin-induced rats [18]. 
Thus, both vegetables may partly contribute to reduce 
NO, TNF- and also play a role on reduction of ROS in 
this food extract.  

Regarding the flavonoids in the extract, quercetin is 
the predominant flavonoid found. A previous study re- 
ported that pretreatment with quercetin significantly in- 
hibited NO production, and iNOS, TNF-, IL-1, and 
IL-6 expression in the same cell model by inhibiting 
phosphorylation of Erk1/2 and p-38 MAPK via stabiliz- 
ing the NF-B/IB complex [19]. Recently, the antioxi- 
dant capacity of quercetin was also examined comparing 
with curcumin on ROS and NO production in LPS- 
stimulated human THP-1 monocytic leukemia cells [20]. 
Quercetin had a higher reduction potential and higher 
total antioxidant capacity compared with curcumin and 
also had a better efficiency to decrease LPS-induced 
ROS and NO production. Thus, either quercetin itself or 
synergistically acted with other bioactive compounds 
present in the extract to suppress proinflammatory genes 
expression via inactivation of IB as shown in the pre- 
sent results.  

Although the stir-fry chicken with green curry extract 
contains small content of -carotene, lutein, luteolin and 
apigenin, such compounds may act together with other 
compounds in the extract to inhibit anti-inflammatory 
gene expression. A previous study demonstrated that 10 
M of pure -carotene inhibited proinflammatory genes 
expression in LPS-induced RAW264.7 cells by sup- 
pressing redox-based NF-κB activation [21]. Another 
study found that lutein suppressed LPS- and H2O2-in- 
duced phosphatidylinositol 3-kinase activity, NF-B– 
inducing kinase, and Akt phosphorylation, which are 
upstream of IKK activation [22]. A previous study also 
showed that pretreatment with luteolin inhibited LPS- 
stimulated TNF- and IL-6 secretions by attenuating 
phosphorylation of protein kinase B (Akt) and subse- 
quently inactivation of NF-B in RAW264.7 cells [23]. 
Pretreatment of RAW264.7 macrophage-like cells with 
luteolin dose-dependently inhibited LPS-induced radical 
formation and expression of COX-2 protein and PGE2 
formation [24]. Apigenin also previously showed to sup- 
press LPS-induced expression of iNOS and COX-2 by 
blocking activation of NF-B in RAW264.7 cells [25]. 
These data support the possible role of -carotene, lutein, 
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luteolin and apigenin to attenuate the proinflammatory 
mediator expression and ROS accumulation by inactiva- 
tion of JNK and IB in LPS-activated RAW264.7 cells 
in the present study. 

5. Conclusions 

The observed activities in this study suggest the mode of 
actions of active compounds derived from the whole diet 
to prevent inflammation which may help to use this food 
to reduce clinical complication causing from inflamma- 
tory mediators in some inflammatory associated disor- 
ders. However, these in vitro doses and activities cannot 
apply directly to those of in vivo. Because dietary phyto- 
chemicals in plants have to be metabolized by phase I 
and II detoxification system during absorption prior to 
transport through blood circulation and finally deliver to 
target tissues to exert their functions. Further studies 
have to be explored to reveal the potential effects of stir- 
fry chicken with green curry to alleviate the pathological 
complication associated with inflammatory response in 
vivo. 
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