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Abstract

Anti-inflammatory and antioxidant activities in Lipopolysaccharide-
induced human monocyte U-937 cell line of extract from Papaya, Pomelo, 

Guava, Rambutan and Durian 

Background:  Non-communicable chronic diseases are global public health problem 

including Thailand. Chronic inflammation and oxidative stress are risk factors and play 

critical roles on pathogenesis development of several chronic diseases. Several studies 

showed that high consumption of fruits, vegetables and spices could decrease inflammatory 

cytokines and reduce reactive oxygen species which may help to reduce risk factors of some 

chronic diseases.  

Objective: Assess anti-inflammatory and antioxidant activities of Thai fruit extract in LPS-

stimulated PMA-induced U937 cells and H2O2-induced U937 cells 

Method: The 90% ethanol extract from freeze-dry fruits were incubated PMA-induced U937 

cells prior to stimulation with LPS. The culture media were collected to measure TNF- , IL-

6, IL-8 and MCP-1. Antioxidant activity of the fruit extract was evaluated by measured 

spontaneous and H2O2-induced ROS levels from U937 cells. 

Result: The ethanol extraction of these fruits demonstrated different anti-inflammatory and 

antioxidant potencies in U937 cells. The results indicated that the extract from pomelo 

(thongdee variety) possessed the highest anti-inflammatory activity by decreasing levels of 3 

inflammatory parameters following with pomelo (khawnumpheng), durian, guava and finally 

rambutan, respectively. The anti-inflammatory activity was not observed in papaya extract in 

this cell model. The extract from pomelo (thongdee) and guava (panseethong) had the highest 

antioxidant capacity by decreasing both spontaneous and H2O2-induced ROS while reduction 

of H2O2-induced ROS was observed from the extract of pomelo (khawnumpheng ), guava 

(Kimju), durian (mhonthong), papaya (holland), papaya (khakdum) and durian (Chanee 

variety), respectively. Rambutan didn’t show antioxidant activity in this cell model. Pomelo 

(thongdee variety) has the highest potency on anti-inflammatory and antioxidant activities.  

Data showed that different fruits exerted on different targets. Thus, consumers should 

consume wide variety of fruits to reduce risk factors of chronic diseases. This in vitro cell 

model could be used as a screening tool for ranking potential items to further investigate in 

more complex system such as experiment animal or high risk chronic disease human 

population. 
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ANOVA  Analysis of variance 

BMI   Body mass index 

COX-2   Cyclooxygenase 2 

DCFH-DA  2',7'-dichlorfluorescein-diacetate 

ELISA   Enzyme-linked immunosorbent assay 

Erks   extracellular-signal-regulated kinases 

H2O2   Hydrogen peroxide 

ICAM-1   Intercellular Adhesion Molecule 1 

  IL-6 Interleukin six 

IL-8   Interleukin-8 

iNOS   Inductible Nitric Oxide Synthase 

JNKs   c-Jun N-terminal kinase 

LBP   Lipopolysaccharide -binding protein 

LPS   Lipopolysaccharide 

M   Molar 

  MAPKs mitogen-activated protein kinases  

MCP-1   monocyte chemotactic protein-1  

Met Syn  Metabolic Syndrome 

mg   Milligram 

ml   Milliliter 

NAC   N-Acetyl-L-cysteine 

NADPH oxidase Nicotinamide adenine dinucleotide phosphate-oxidase 

PBS   Phosphate buffer saline 

PMA   phorbol 12-myristate 13-acetate  

Rfu   Relative fluorescent unit 

RNS   Reactive nitrogen species 

  ROS Reactive oxygen species 

SRB   Sulphorhodamine B 

TLR-4   Toll-like receptor 4  

  TNF-  Tumor necrosis factor alpha 



 

 

 

x

 ( ) 

VCAM-1  Vascular cell adhesion molecule 1  

g   Microgram 

ng   Nanogram 

l   Microliter 

 
 

 

 

 

 
 
 
 
 



 1 

 

1.    

   (Diabetes mellitus)  (Obesity) 

 (hypertension)  (atherosclerosis)  (cancer) 

  Metabolic syndrome 

(MetSyn)  1) Abdominal obesity, 2) atherogenic dyslipidemia, 3) Raised blood 

pressure, 4) insulin resistance ± glucose intolerance, 5) proinflammation state  6) prothrombotic state  

(Grundy et al 2004)    

 (individual life style)   

  MetSyn  obesity  

  

   MetSyn 

  

   

 (Prevention)  

   

 3  

   

 BMI < 23 Kg/m2 ( ) 

  30     

   

    

(free radical)   

 (antioxidants)     

oxidative stress  (cell membrane),  (DNA),  (protein)  

(lipid)  oxidized (Valko et al 2007)  

  oxidative stress  

 

 neutrophil  monocyte/macrophage  

  

pro-inflammatory cytokines, chemokines, enzymes  coagulation proteins 



 2 

    

professional immune cells    epithelium  

 pro-inflammatory mediators  (stimulators)  

 (acute inflammation) 

 

   

 

 (Non-communicable chronic diseases)   

(atherosclerosis)  (cardiovascular diseases) (Puntmann et al 2011, Ross 1999)  (cancer) 

 (diabetes)  (arthritis)  (autoimmune diseases) (Aggarwal 

and Shishodia 2004)    

 pro-inflammatory cytokines  TNF- , IL-6  chemokines  IL-8, MCP-1  adhesion 

molecules  ICAM-1, VCAM-1  pro-inflammatory enzymes  inducible nitric oxide synthase 

(iNOS)  cyclooxygenase-2 (COX-2)    

  pro-inflammatory 

mediators   Reactive Oxygen Species (ROS)  

Reactive Nitrogen Species (RNS)  (Aggarwal et al 2006) 

 (chronic inflammation)    

 

 

 (Block et al 1992, Reddy et al 2003, Steinmetz and Potter 1996)  

    (bioactive 

compounds or phytochemicals)  

  

 (phenolic acid)  (flavonoids)  

(carotenoids)  (plant sterols)   (organosulfur compounds)   

 

 

    (Liu 2004)  Pan  (2010)  
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 (Biodiversity)    

     

    

   (phytochemicals) 

  

  

 Carica papaya    

     

   

   

        

   

   (Flavonoids)   

(phenolic acid) (Kongkachuichai et al 2010)  

    (Liu 2004, Yokomizo and Moriwaki 2006) 

  isothiocyanate (Rossetto et al 2008) 

 (Nakamura 2009) 

 lipid peroxidation  30-40% (Mehdipour et al 2006)  

  (Leong and Shui 

2002)  streptocotozin 

 (Nayak et al 2007) 

  

 

 Citrus maxima Merr. 
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   (Benavente-Garcia and Castillo 2008)   Choi   

(2007)  citrus fruit  NF- B (activation) 

 transcription factor  200  pro-

inflammatory mediators   citrus fruit  ROS  

macrophage  LPS   Benavente-Garcia  Castillo (2008)  

 citrus    

 oxidized-LDL  citrus  

arachidonic acid derivatives  prostaglandins E2, F2,  thromboxane A2  

 citrus  

 (Psidium guajava Linn.)   

    -carotene, lycopene,   phenolic acids  

flavonoids (Oliveira et al 2010)  essential oil  (Gutierrez et al 

2008)  

   

 (Gutierrez et al 2008)  

 (ABTS, DPPH, FRAP  ORAC)  

 4  (Thaipong et al 2006) 

 (Rai et al 2009). 

 (Durio zibethinus Linn.)   

   

          

carotenoids  polyphenol  flavonoids (Haruenkit et al 2007, Kongkachuichai et al 2010) 

 (antioxidant)    (Haruenkit et al 2007, 

Leontowicz et al 2007, Toledo et al 2008). 

 (Nephelium lappaccum Linn)  
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 (   , 2551) 

       

    

   antioxidant capacity  

   

 

  

   

     

 

2.  

 1.        

 Phorbol Myristate 

Acetate (PMA)  (Lipopolysaccharide; LPS)  

 2.      

 Oxidative stress  

 (H2O2) 

 

3.  

1.  

 (U937 cell line)  

Phorbol Myristate Acetate (PMA)   

(Lipopolysaccharide or LPS)       

 TNF- , IL-6, IL-8, MCP-1 

2.  

 (U937 cell line)  oxidative stress  H2O2 

 5   fluorescent signal 

  1 
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1.   

2.  (U937 cell line) 

 PMA  LPS  ( ) 

3.  (U937 cell line)  oxidative 

stress  H2O2 ( )

6.1 

 TNF- , IL-6, IL-8, MCP-1 

 LPS 

4.  90%  

5.  

 80 ( ) 

6.  3 

  

   

6.2 

 oxidative stress  H2O2
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3.1  

 5   2   

1.  2  (   )  

2.  2  (  )  

3.  2  (  )  

4.  2  (   )  

5.  2  (   )  

    

  

     lot    

 Freeze dry  aluminum foil   2  vacuum 

 oxidized   -20   

  

 

3.2  

  1.0   90%  30 

  2   sonicate  10  

 2   7500  25  10  

  (Rotary Evaporator) 

 42    

 basal media phenol red-free  

 complete media phenol red free   2.5 

  0.4   0.2 

  

 

3.3  (U937 cell line) 

 (U937)  ATCC 

 (Suspended cell line)  

 (differentiation)  

 Phorbol 12-myristate 13-acetate (PMA) (Wiederholt et al 1988) 
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3.3.1  U937 

 (Complete medium)  Basal RPMI-1640 (Sigma; R6504), 

 2 , fetal bovine serum 10%, penicillin 100,000  

streptomycin 0.1   75  

 15   2x105-2x106  

 2   

  3.3.2   

  (Hosoya and Marunouchi 

1992, Sokol et al 1987)  

1.  U937  tissue culture flask  75 

 1.5-1.8 x106   15   1500 

 5     

2.  Basal media 10   1200  5  

   1 x 106   

Complete media  15   tissue culture flask   75  

3.  PMA  20   37  

 5%  48    

4.   (Hosoya and Marunouchi 1992) 

  complete media 15   37  

 5%  24  

 (  PMA   

PMA  attached cells  anti-CD11b (Ji 2012)  marker 

 Flow cytometer )  

5.    2.5  

 37     5    Fresh complete 

media  7.5    1200  

 5   

6.  1 x 106  

  phenol red (Basal media phenol red-free)  0.5   24 

well plate  
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3.4 

 LPS 

  LPS  2 

 3.2   0.4 

  basal RPMI phenol red- free  

 0.2, 0.1  0.05   

 3.3.2  1 x 106  

  phenol red (Basal media phenol red-free)  0.5 

  24 well plate  0.2, 0.1  0.05 

  2   LPS  10 

  18   

  TNF- , IL-6, IL-8  MCP-1  ELISA ( )  

N-acetyl-L-cysteine (NAC)  10  

 oxidative stress   

(Geiler et al 2010, Kröger et al 1999, Sung et al 2012)  8   

 

 LPS (10 )  

1 - Basal media phenol red-free 

2 - 10  NAC 

3 - 

 0.2 

 

4 + Basal media phenol red-free 

5 + 10  NAC 

6 + 

 0.2 

 

7 + 

 0.1 

 

8 + 

 0.05 
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 resazurin 

 resazurin assay  resazurin 

  resazurin 

  570   600 

   

  (negative control)  100 

   

   

  resazurin  0.1 

  50    2   resazurin 

 570  600 

  

 

3.5  

 

Oxidative stress  3 

1.  U937  confluent  1.5-1.8 x 106  

 2 x 106  complete RPMI phenol red free media  

U937  6 well plate  1   1   40, 

20  10   NAC  1  

 10   complete media phenol red free 1   

 2  37 º C (pre-treatment) 

2.  2   1500   5   
  basal media phenol red free 2   DCFH-DA 

 20  2   
3.  6 well plate  37   5% 

 30  
4.  2   1500   5  

 basal media phenol red free 2  
 2   complete media phenol red free 

5.  4  50  96 well black plate 
 3  (triplicate)  treatment 
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6.  50  

 400   basal media phenol red free 
 50    excitation 485 nm, emission 530 nm  20  

 N-acetyl-L-cysteine (NAC)  10  

 oxidative stress   

(positive control)   SRB 

assay  10   

 H2O2 (400 M)  

1 - Basal media phenol red-free 

2 - 10  NAC 

3 -  40  

4 -  20  

5 -  10  

6 + Basal media phenol red-free 

7 + 10  NAC 

8 +  40  

9 +  20  

10 +  10  

 

 % inhibition of spontaneous ROS  % inhibition of H2O2 induced 

ROS   

% inhibition of spontaneous ROS formation =   (ROS without extract – ROS with extract) x 100 

                                                                                                  ROS without extract                           

% inhibition of H2O2 induced ROS formation =   (ROS without extract – ROS with extract) x 100 

                                                                                                  ROS without extract                           

 

 SRB assay 
1.   multichannel 

pipette  PBS ( )  100  

2.  50% Trichloroacetic acid ( )  20  4 

  2    5   
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3.  0.4% sulforhodamine B  1%acetic acid  100  

  20   

4.  1%acetic acid 4   Tris-base 

 10   200   5  

  96   565 

  690  

   

% inhibition of spontaneous ROS formation  

                                               % viability = (A565/690 cell with extract) x 100 

                                                                           A565/690 cell without extract          

% inhibition of H2O2 induced ROS formation       

                                              % viability = (A565/690 cell with H2O2 and extract) x 100 

                                                                     A565/690 with H2O2 without extract 

3.6  

      

  LPS  H2O2  

 Mean ± SD  One Way ANOVA 

  Tukey multiple comparison  p < 0.05 

 

 

4.  

4.1  

 LPS  TNF-  

 IL-6  2  (Aggarwal et al 2006) 

 LPS   IL-8  MCP-1 

 

 

4.1.1  

 TNF-   (basal level)  

273   LPS 10  18 

 TNF-   4  (1028 )  pre-

treatment  2  LPS  0.2 
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 LPS-induced TNF-   9% 

  TNF-   

 TNF-   0.05 – 0.2 

 6%, 13%, 20%    

 LPS   3   NAC 10 

 (positive control)  LPS-induced TNF-   57% ( 2A) 

 IL-6  (basal level)  62  

 LPS  IL-6  16  (1002 ) 

 LPS-induced IL-6  

4%, 13%, 15%  0.2 

 LPS 

 IL-6  3   NAC 10 

 LPS-induced IL-6  55% ( 2B) 

  IL-8  MCP-1  

 2C  IL-8  (basal level)  81   LPS 

 IL-8  5.4  (440 ) 

 LPS-induced IL-8  11%, 

13%, 23%  0.2 

 LPS   IL-8 

 10%, 12%, 19% 

 0.2 

 LPS   NAC 10  LPS-induced IL-8  35% ( 2C) 

   2D  MCP-1   (basal level)  506 

  LPS  MCP-1  1.5 

basal level (743 )  LPS-induced 

MCP-1  6%, 8%, 13%  

 0.2  LPS 

  MCP-1 

 8%, 10%, 16%  0.2 

 LPS    

NAC 10  LPS-induced MCP-1  62%  
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  TNF-  

  0.2  IL-6 

  IL-8  MCP-1 

 0.2  
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 2   

 LPS  0.05-0.2 

   NAC 10    2   LPS 10 

   18   TNF-  (A), IL-6 (B), IL-8 (C)  MCP-1(D) 

 mean  SD (n = 3)  3  * 

 LPS  (p < 0.05) 

 

LPS (10 ng/ml)                             -        -         -        -       +        +       +       +       +       +        +       + 

 (mg/ml)       -        -      0.2       -        -      0.2     0.1   0.05      -        -        -        -            

 (mg/ml) -        -         -      0.2      -         -        -        -      0.2     0.1     0.05   -           

NAC 10 mM                                -        +         -        -       -         -        -        -         -        -        -       +            

C

D

B * 

* *

*
*

*

A

* 

* 

*
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4.1.2  

 TNF-   341  

 LPS  TNF-   4.4  (1502 ) 

 LPS-induced TNF-   

10%, 16%, 21%  0.2 

 LPS  

 LPS-induced TNF-   12%, 18%, 22%  

 0.2  0.1 

 LPS   NAC 10  TNF-   53% (  3A) 

 IL-6  103   LPS 

 13  (1306 )  

LPS-induced IL-6  NAC 10  LPS-induced IL-6  52% (  3B) 

 3C  IL-8  81   

LPS  IL-8  5  (391 ) 

 LPS-induced IL-8  18%, 26%, 33% 

 IL-8  3 

 LPS   IL-8 

 17%, 23%, 36%  0.2  0.1  

 NAC 10  LPS-induced 

IL-8  32% (  3C)  3D  MCP-1  503  

LPS  MCP-1  1.7 basal level (858 ) 

 LPS-induced MCP-1 

 MCP-1  15%, 16%, 23% 

 3   NAC 10  LPS-

induced MCP-1  69%  

  IL-6  MCP-1 

  0.2  0.1 

 TNF-   IL-8  

 IL-8   TNF-    0.2 
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 3 

 LPS  0.05-0.2 

   NAC 10    2   LPS 10 

   18   TNF-  (A), IL-6 (B), IL-8 (C)  MCP-1(D) 

 mean  SD (n = 3)  3  * 

 LPS  (p < 0.05) 

 

*

*
* *

*
*

*

*

LPS (10 ng/ml)                                      -        -        -        -        +       +       +       +       +        +       +       + 

 (mg/ml)       -        -      0.2      -        -      0.2    0.1   0.05       -        -        -        -       

(mg/ml)                  -        -        -      0.2      -        -        -        -      0.2     0.1    0.05     -       

NAC 10 mM                                          -        +       -        -        -        -        -        -        -        -         -       +       

* * *

*

A

B

C

D
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4.1.3  

 TNF-   266   TNF-  

 4.3  (1155 )  LPS-induced 

TNF-   14%, 14%, 17%   3  TNF-  

 LPS   LPS-induced 

TNF-   16%, 17%, 24%   3 

 TNF-   LPS  

 NAC 10  LPS-induced TNF-   55% (  4A)  

IL-6  81   LPS  16  (1281 

)  LPS-induced IL-6 

 3   LPS-

induced IL-6  3%, 10%, 15% 

 0.2  0.1 

 LPS  NAC 10   LPS-induced IL-6  65% (  

4B) 

 4C   IL-8  102  

 LPS  IL-8  4  (415 ) 

 2  LPS-induced IL-8   NAC 10 

 LPS-induced IL-8  30%  MCP-1  518 

 LPS  MCP-1  1.4 basal level (739 

)  LPS-induced MCP-1 

 11%, 13%, 15%   0.2 

 LPS  

 MCP-1  7%, 9%, 13% 

 3  NAC 10  LPS-induced MCP-1 

 61% (  4D) 

 IL-8  MCP-1 

 0.2  MCP-1

  TNF-  

   IL-6  0.2  0.1 
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 4   

 LPS  0.05-0.2 

   NAC 10    2   LPS 10 

  18   TNF-  (A), IL-6 (B), IL-8 (C)  MCP-1(D) 

 mean  SD (n = 3)  3  * 

 LPS  (p < 0.05) 

LPS (10 ng/ml)                                 -       -       -       -       +      +      +      +      +      +      +       + 

 (mg/ml)      -       -     0.2     -        -     0.2   0.1  0.05     -       -       -       -       

 (mg/ml)                -       -       -     0.2      -       -       -       -     0.2    0.1   0.05   -       

NAC 10 mM                                     -      +      -       -        -       -       -       -        -       -       -      +      

*
* * * *

*

*

*

*

*

*

C

A 

B

D

*

*
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4.1.4  

 TNF-   288   

TNF-   4  (1121 )  2  

 LPS-induced TNF-   LPS  

NAC 10  LPS-induced TNF-   62% ( 5A)  5B 

 IL-6  55   LPS 

 17  (954 )  2   

LPS-induced IL-6  LPS  NAC 10 

 LPS-induced IL-6  48% 

 IL-8  89   LPS 

 IL-8  4.4  (394 ) 

 2  LPS-induced IL-8   

NAC 10  LPS-induced IL-8  32% (  5C)  MCP-1  

471  LPS  MCP-1  1.6 

basal level (756 )  2 

 LPS-induced MCP-1   NAC 10 

 LPS-induced MCP-1  64% (  5D) 

 0.05-0.2 

 4   

 

 

 

 

 

 

 

 

 

 



 21 

                                 
0

400

800

1200

1600

TN
F-

 (p
g/

m
l)

 

                             
0

400

800

1200

IL
-6

 (p
g/

m
l)

 

                            
0

100

200

300

400

500

IL
-8

 (n
g/

m
l)

 

                            
0

200

400

600

800

1000

M
C

P-
1 

(n
g/

m
l)

 
 

 

 

 

  5   

 LPS  0.05-0.2  

   NAC 10    2   LPS 10 

  18   TNF-  (A), IL-6 (B), IL-8 (C)  MCP-1(D) 

 mean  SD (n = 3)  3  * 

 LPS  (p < 0.05) 

 

 

LPS (10 ng/ml)                                        -         -        -        -       +       +       +       +       +       +       +       + 

 (mg/ml)      -         -      0.2      -        -      0.2   0.1    0.05      -        -        -       -      

 (mg/ml)            -        -        -      0.2       -        -       -        -      0.2     0.1   0.05     -      

NAC 10 mM                                            -        +       -        -         -        -       -        -         -        -        -       +     

*

*

*

*

C

B

A

D
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4.1.5  

 TNF-   362  

TNF-   4.4  (1592 )  2  

 LPS-induced TNF-   LPS 

 0.2   LPS-induced TNF-   8% 

  LPS-induced TNF-   11%  NAC 10 

 LPS-induced TNF-   34% (  6A) 

 6B  IL-6  96  

 LPS  13  (1264 ) 

 2   LPS-induced IL-6 

 LPS  NAC 10  LPS-induced IL-6  50% 

 IL-8  89   LPS 

 IL-8  4.7  (418 ) 

 2  LPS-induced IL-8   NAC 

10  LPS-induced IL-8  36% (  6C) 

 MCP-1  361  LPS 

 MCP-1  2  basal level (738 ) 

 2  LPS-induced MCP-1 

  NAC 10  LPS-induced MCP-1  64% (  6D) 

 TNF-   0.2 
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 6   

 LPS  0.05-0.2 

   NAC 10    2   LPS 10 

  18   TNF-  (A), IL-6 (B), IL-8 (C)  MCP-1(D) 

 mean  SD (n = 3)  3  * 

 LPS  (p < 0.05) 

 

 

LPS (10 ng/ml)                          -        -        -       -       +       +       +      +       +       +       +      + 

 (mg/ml)       -       -     0.2      -       -      0.2    0.1   0.05     -        -        -       -       

 (mg/ml)   -       -        -     0.2      -        -        -      -      0.2     0.1   0.05     -       

NAC 10 mM                               -      +        -        -       -        -         -      -        -        -       -       +      

*

*

*

*
* *

C

B

A

D
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4.1.6  5  

 1  5 

 0.2  TNF- , IL-6, IL-8  MCP-1 

 LPS  (% inhibition relative to LPS treatment alone) 1  

 3  (IL-6, IL-8  MCP-1 ) 

 2  (IL-8  MCP-1 )  2  TNF-   IL-8  
 TNF-   MCP-1  TNF-   IL-6  2 

 TNF-   
 

 1  0.2  TNF- , IL-6, 

IL-8  MCP-1  LPS  (% inhibition relative to LPS treatment alone) 

 

% inhibition relative to LPS alone at concentration 0.2 mg/ml  

TNF-  IL-6 IL-8 MCP-1 

 NS* 15% 23% 13% 

 NS NS 19% 16% 

 21% NS 33% NS 

 22% NS 36% NS 

 17% NS NS 15% 

 24% 16% NS NS 

 NS NS NS NS 

 NS NS NS NS 

 8% NS NS NS 

 11% NS NS NS 

*No statistical significant 

4.2  (Cell viability) 

 

 0.2, 0.1  0.05 

  24   2   LPS 

 10   18  

  TNF- , IL-6, IL-8  MCP-1  ELISA 

  resazurin  

 570   600   
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 LPS  100  

 

  2  5   2  

 LPS 10   18  % Cell 

viability  80  LPS   

LPS-induced cytokines  chemokines  

 cytokines  chemokines   NAC 

     % Cell viability  80 (

)  

   

   

 

 NAC ( ) 

 TNF- , IL-6, IL-8  MCP-1  52%, 54%, 33%  64%  
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 2  (% Cell viability) 

 LPS 10  (mean ± SD; n = 3)  3  

:  NAC without LPS  % Cell viability = 94 ± 5 

                   NAC with LPS  % Cell viability = 94 ± 2 

 

4.3  

4.3.1  spontaneous  H2O2 induced ROS formation 

 U937  ROS  (spontaneous 

formation) 94 unit  10-40  

 spontaneous ROS  9%, 12%, 28%  

  40  (67 unit) 

  spontaneous ROS 

 9%, 11%, 22%  

   NAC 10 

 (positive control)  spontaneous ROS  35% (  7) 

 U937  ROS 

 6.2  (590 unit) 10-40  H2O2-

 (mg/ml) 

0 0.2 0.2 0.1 0.05 0  

No LPS No LPS with LPS with LPS wth LPS with LPS 

 100 ± 7 99 ± 3 101± 2 104 ± 5 107 ± 2 100 

 100 ± 7 96 ± 8 97 ± 4 102 ± 5 105 ± 5 100 

 99 ± 5 98 ± 3 101 ± 4 106 ± 4 108 ± 5 100 

 99 ± 5 96 ± 4 102 ± 3 104 ± 3 105 ± 2 100 

 97± 2 95 ± 5 99 ± 5 103 ± 5 106 ± 4 100 

 97± 2 99 ± 4 104 ± 4 107 ± 6 109 ± 2 100 

 100 ± 2 99 ± 7 104 ± 6 109 ± 7 113 ± 3 100 

 100 ± 2 94 ± 5 98 ± 5 101 ± 4 107 ± 5 100 

 99 ± 5 95 ± 2 100 ± 4 104 ± 6 106 ± 5 100 

 99 ± 5 93 ± 2 103 ± 9 102 ± 5 106 ± 9 100 
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induced ROS  19%, 29%, 48%   ROS 

 3  H2O2  

 H2O2-induced ROS 

 24%, 33%, 43%   ROS  3 

 H2O2  NAC 10  H2O2-induced 

ROS  33% (  8) 

 40  spontaneous 

ROS   10-40   H2O2-

induced ROS  

4.3.2  spontaneous  H2O2 induced ROS formation 

9  U937  spontaneous ROS  116 unit 

 10-40   ROS  20  40 

 13%  25%  

  3  spontaneous ROS 

 NAC 10  (positive control)  spontaneous 

ROS  42%  

  H2O2  ROS  5.2  (600 unit) 

 10-40   H2O2-induced ROS 

 10%, 18%, 30%   20  40 

 ROS  H2O2

  H2O2-induced ROS 

 6%, 10%, 21%   40 

 ROS  H2O2  NAC 10 

 H2O2-induced ROS  41% (  10) 

 Spontaneous ROS   

20  40   H2O2-induced ROS 

   H2O2-induced ROS 

 40  
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  7    (spontaneous ROS) 

 U937  10-40    NAC 10  

  2   DCFH-DA 20   30    

intracellular ROS  excitation 485 nm, emission 530 nm  20  

 mean  SD (n = 3)  3  * 

 (p < 0.05) 
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 8    (H2O2 

induced ROS)  U937  10-40   

 NAC 10   2   DCFH-DA 20   30 

   H2O2  400    basal media  (negative 

control)   intracellular ROS  excitation 485 nm, emission 530 nm  20  

 H2O2  mean  SD (n = 3)  3  * 

 H2O2  (p < 0.05) 

 (mg/ml)          -        40      20       10        -         -         -         -      

(mg/ml)     -          -         -         -        40      20       10       -          

NAC 10 mM                                    -          -         -         -         -         -         -        +    

*
*

*

*

*
*

*

 (mg/ml)           -        -      40     20     10       -        -        -       -      

(mg/ml)      -        -        -        -        -      40     20      10     -          

NAC 10 mM                                     -        -       -        -        -        -        -        -       +    

H2O2 (400 M)                                 -        +      +       +       +       +       +       +      +         

*
* 
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 9    (spontaneous ROS) 

 U937  10-40    NAC 10  

  2   DCFH-DA 20   30    

intracellular ROS  excitation 485 nm, emission 530 nm  20  

 mean  SD (n = 3)  3  * 

 (p < 0.05) 
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 10    

(H2O2 induced ROS)  U937  10-40  

   NAC 10   2   DCFH-DA 20  

 30    H2O2  400    basal media  

(negative control)   intracellular ROS  excitation 485 nm, emission 530 nm  20  

 H2O2  mean  SD (n = 3)  3  * 

 H2O2  (p < 0.05) 

 

*

 (mg/ml)     -        40     20     10       -        -         -       -      

 (mg/ml)               -          -       -        -       40     20      10      -        

NAC 10 mM                                        -          -       -        -        -        -         -       +    

*

*

*

 (mg/ml)       -       -      40    20    10     -       -       -       -   

 (mg/ml)                 -       -       -       -       -    40     20     10     -   

NAC 10 mM                                          -       -       -       -       -      -       -        -      +  

H2O2 (400 M)                                      -       +      +      +       +     +      +      +      +  

*
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4.3.3  spontaneous  H2O2 induced ROS formation 

11   spontaneous ROS 107 unit 

 10-40   ROS  20%, 

27%, 35%   40  ROS 

  3  spontaneous ROS

   NAC 10 

 ROS  46%  

H2O2  ROS  5.4  (576 unit) 

 H2O2-induced ROS 

  3  (15%, 27%, 39%)  

H2O2-induced ROS  26%, 33%, 43%  ROS  

3   NAC 10  

H2O2-induced ROS  27% ( 12) 

 40  

spontaneous ROS   10-40   

H2O2-induced ROS  

  4.3.4  spontaneous  H2O2 induced ROS formation 

13  spontaneous ROS  103 unit 

 10-40  spontaneous ROS 

 20  40  6%, 16% 

  3 

   NAC 10  

spontaneous ROS  41%  

H2O2  ROS  5.5  (560 unit) 

 H2O2-induced ROS  4%, 24%, 

38%   20  40  ROS 

H2O2   H2O2-

induced ROS  6%, 10%, 21%   

40  H2O2

 NAC 10  H2O2-induced ROS  36% ( 14) 

 2  Spontaneous ROS    

20 -40     40  



 31 

  H2O2-induced ROS  H2O2 

 

  4.3.5  spontaneous  H2O2 induced ROS formation 

15  spontaneous ROS  92 unit 

  spontaneous ROS  7%, 

13%, 23%  

 ROS  

  NAC 10  

spontaneous ROS  43%  

 U937  ROS  

5.3  (487 unit)   H2O2-induced ROS 

 6%, 17%, 25%  

  

H2O2-induced ROS  NAC 10  H2O2-induced ROS  34% ( 16) 

 Spontaneous  H2O2-induced ROS 
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 11    (spontaneous ROS) 

 U937  10-40    NAC 10  

  2   DCFH-DA 20   30    

intracellular ROS  excitation 485 nm, emission 530 nm  20  

 mean  SD (n = 3)  3  * 

 (p < 0.05) 
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 12    (H2O2 

induced ROS)  U937  10-40   

 NAC 10   2   DCFH-DA 20   30 

   H2O2  400    basal media  (negative 

control)   intracellular ROS  excitation 485 nm, emission 530 nm  20  

 H2O2  mean  SD (n = 3)  3  * 

 H2O2  (p < 0.05) 

 (mg/ml)      -        40       20      10        -         -          -         -      

 (mg/ml)                -          -         -         -        40       20       10        -       

NAC 10 mM                                     -         -         -         -          -         -          -         +    

*

*

*
*

* *
*

*

*

 (mg/ml)      -        -        40      20      10       -         -         -        -      

 (mg/ml)                -        -          -        -         -       40       20      10      -       

NAC 10 mM                                    -         -         -        -         -         -         -         -       +    

H2O2 (400 M)                                 -        +        +       +        +        +        +         +      +      
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 13    (spontaneous ROS) 

 U937  10-40    NAC 10 

   2   DCFH-DA 20 M  30    

intracellular ROS  excitation 485 nm, emission 530 nm  20  

 mean  SD (n = 3)  3  * 

 (p < 0.05) 
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 14   

(H2O2 induced ROS)  U937  10-40 

   NAC 10    2   DCFH-DA 20  

 30    H2O2  400    basal media  

(negative control)   intracellular ROS  excitation 485 nm, emission 530 nm  20  

 H2O2  mean  SD (n = 3)  3  * 

 H2O2  (p < 0.05) 

 (mg/ml)     -        40       20        10         -          -          -          -     

 (mg/ml)           -         -          -          -         40        20       10        -      

NAC 10 mM                                           -         -          -          -           -          -          -         +    

*

 (mg/ml)     -         -        40      20      10        -         -          -         -      

 (mg/ml)           -         -         -         -        -        40       20       10        -      

NAC 10 mM                                           -         -         -         -         -          -         -         -         +    

H2O2 (400 M)                                       -         +        +        +        +          +        +        +        +     

*
*

*
*
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 15    (spontaneous ROS) 

 U937  10-40    NAC 10  

  2   DCFH-DA 20    30    

intracellular ROS  excitation 485 nm, emission 530 nm  20  

 mean  SD (n = 3)  3  * 

 (p < 0.05) 
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 16    (H2O2 

induced ROS)  U937  10-40   

 NAC 10   2   DCFH-DA 20   30 

   H2O2  400    basal media  (negative 

control)   intracellular ROS  excitation 485 nm, emission 530 nm  20  

 H2O2  mean  SD (n = 3)  3  * 

 H2O2  (p < 0.05) 

 (mg/ml)      -        40       20     10        -         -         -         -    

 (mg/ml)  -          -         -        -        40      20       10        -   

NAC 10 mM                             -           -         -        -         -         -          -        +   

 (mg/ml)           -         -       40       20      10        -        -         -        -      

 (mg/ml)       -         -         -         -         -        40     20       10      -        

NAC 10 mM                                   -         -         -         -        -          -        -          -       +    

H2O2 (400 M)                               -         +        +        +        +        +        +         +      +      

*

*
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4.3.6  5  

 3  5  40 

 spontaneous ROS (% inhibition relative to control without extract addition) 

 H2O2-induced ROS (% inhibition relative to control with H2O2 only) 3 

    ROS  spontaneous 

ROS   H2O2-induced ROS   H2O2-induced ROS   

   H2O2-induced ROS    

      
 

 3  40  spontaneous ROS 

(% inhibition relative to control without extract addition)  H2O2- induced ROS (% inhibition relative to control with 

H2O2 only) 

 

 % inhibit spontaneous ROS formation %  inhibit H2O2- induced ROS formation 

 28% 48% 

 NS* 43% 

 NS 30% 

 NS 21% 

 35% 39% 

 NS 43% 

 NS 38% 

 NS 21% 

 NS NS 

 NS NS 

*No statistical significant 

 

4.4  (Cell 

viability)  

 U937  40, 20  10 

  complete media phenol red free  2   intracellular ROS 

 DCFH-DA  20   37   30  

 (cell suspension)   96  

 400    basal media phenol red free  (negative 
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control)  intracellular ROS  excitation 485 nm, emission 530 nm  20  

 N-acetyl-L-cysteine (NAC)  10  

 oxidative stress   (positive 

control)   SRB assay 

 2  

 % inhibition of spontaneous ROS formation  

  basal medium   100 

  

 40, 20  10   

 % inhibition of H2O2 induced ROS formation  

  basal medium   

 100   

 40, 20  10  

  4  5   2  

 % Cell viability  80  basal medium 

   5  400 M 

  80 

  spontaneous  H2O2 induced ROS 

formation   

 NAC  % Cell viability  80  ( ) 

 

  ROS  

 NAC (

)  Spontaneous ROS 41%   H2O2 

induced ROS 34%  H2O2  
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4  (% Cell viability)  U937 

 (mean ± SD; n = 3)  3   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

:  NAC without H2O2  % Cell viability = 98 ± 4 (n=15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (mg/ml) 
 

0 40 20 10 

 100 92 ± 7 97 ± 7 103 ± 3 

 100 111 ± 11 106 ± 6 98 ± 9 

 100 91 ± 3 87 ± 0 97 ± 2 

 100 96 ± 2 102 ± 3 100 ± 2 

 100 102 ± 11 107 ± 8 105 ± 14 

 100 111 ± 12 109 ± 11 102 ± 11 

 100 99 ± 4 99 ± 3 104 ± 3 

 100 131 ± 5 114 ± 4 108 ± 7 

 100 96 ± 4 101 ± 3 96 ± 2 

 100 94 ± 3 100 ± 3 101 ± 5 
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5  (% Cell viability)  U937 

 (mean ± SD; n = 3)  3   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

:  NAC with H2O2  % Cell viability = 104 ± 6 (n=15) 

                   Basal medium without H2O2  % Cell viability = 106 ± 10 (n=15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (mg/ml) 
 

0 40 20 10 

 100 100 ± 4 96 ± 2 99 ± 5 

 100 105 ± 3 106 ± 2 100 ± 5 

 100 92 ± 1 89 ± 1 97 ± 1 

 100 97 ± 3 102 ± 2 100 ± 3 

 100 99 ± 7 98 ± 5 105 ± 5 

 100 102 ± 3 107 ± 8 97 ± 0 

 100 106 ± 4 105 ± 2 112 ± 5 

 100 122 ± 6 118 ± 4 114 ± 7 

 100 101 ± 3 108 ± 9 100 ± 2 

 100 101 ± 1 102 ± 1 111 ± 6 
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5.  

 5.1.  U937  

  

 

  

  cytokines  acute phase 

protein    

   

immunodeficiency  aging    

  

     

  

  

   

  innate immunity 

  macrophages/monocytes 

  macrophages  antigen presenting cells  

 inflammatory cytokines   cytokines 

 lymphocyte  adaptive immunity  

lymphocyte active   inflammatory cytokines 

  IL-1, TNF- , IL-6  macrophages  inflammatory enzymes   COX-2, 

iNOS   NO  TNF-   (key 

mediator)  NF- B  master transcription factor 

 pro-inflammatory mediators  (Balkwill, 2002)  

 IL-6, IL-8  MCP-1    TNF-   pro-inflammatory 

mediators   TNF-  neutralizing monoclonal antibodies  inflixmab  

adalimubab  (Rheumatoid arthritis) 

(Kavanaugh et al 2000, Torrance et al 2004)   nonsteroidal anti-

inflammatory drugs (NSAIDs)  

 Vioxx  Celebrex  (Couzin, 2004; Davies & Jamali, 

2004) 
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   (Yoon & Baek, 2005; Aggarwal & 

Shishodia, 2006; Kaefer & Milner, 2008)  

 U937 

 PMA 

  lipopolysaccharide (LPS) 

  

 (Chiavaroli et al 2008, Del Bufalo et al 2011, La et al 2010)  A 

 LPS-binding protein (LBP)  LPS-LBP complex  Toll-like receptor 4 (TLR-4) 

 MD-2   (signal 

transduction protein)  Mitogen activated protein kinases (MAPKs)  transcription factors 

 NF- B  200  pro-inflammatory mediators 

  TNF- , IL-6, IL-8  MCP-1(Cohen 2002)  

 

 
 

 

 A Cell surface recognition of lipopolysaccharide (Cohen 2002) 
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  LPS 10  

 PMA-induced differentiated U937  18 

 (Garrelds et al 1999, La et al 2010, Meja et al 

2008)  LPS  PMA-induced differentiated U937  TNF-  

 4.2  (Basal level)  IL-6  15 

  IL-8  4.9   MCP-1 

 1.7    

       2  

 TNF- , IL-6, IL-8  

MCP-1  N-acetylcysteine (NAC)  

(Geiler et al 2010)   (Collagen II 

induced arthritis)(Kröger et al 1999)  (positive control)  

  NAC 10   TNF-  

 IL-6  LPS induced PMA-activated U937 cells  52%  54%  

 IL-8  MCP-1  33%   64%  

 

5.2.  TNF- , IL-6, IL-8  MCP-1  PMA-

induced U937  LPS 

   2  TNF-

  IL-6  (Stow et al 

2009) TNF-   LPS  NF-

B (Guha and Mackman 2001) TNF-   pro-inflammatory mediators 

  NO, IL-1  IL-6 (Sethi et al 2008) 

  TNF-  

 (Choy and Panayi 2001)  

 TNF-    IL-1, IL-6  IL-8 

 synovial cells  (Butler et al 1995) 

  TNF-   adipose tissue  macrophage  

 (Tilg & Moschen, 2006)  TNF-  

 intrinsic tumor promoter  (carcinogenesis) 

 TNF-   (overexpression) (Ahmed et al 2001, Ferrajoli et al 
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2002, Szlosarek et al 2006)  TNF-  

     (Ahmed et al 2001, García-Tuñón et al 2006, 

Michalaki et al 2004)  serum TNF-  

  serum TNF-    

   

  Knockout TNF-   Knockout TNFR-1  (Arnott 

et al 2003) 

 azoxymethane  dextran sulfate sodium  (Popivanova et al 2008) TNF-  

 tumor angiogenesis, invasive  metastasis  cytokines, 

chemokines  angiogenic factors 

 (Kulbe et al 2007, Nabors et al 2003)  TNF-

   TNF-   

 TNF-  

    

 TNF-   LPS induced PMA-activated U937 cells  

     

  Interleukine-6  (IL-6)  TNF-    

 (Stow et al 2009)  NF- B  IL-6 

 acute phase response  systemic 

 local  IL-6  IL-8  MCP-1 

 (Kaplanski et al 2003)   IL-6 

 C-reactive protein  amyloid A  

 IL-6  TNF-  

(Cronstein 2007, Pradhan et al 2001)  IL-6 

 (Hennigan and Kavanaugh 2008)  IL-6 

 (Hodge et al 2005)  

 IL-6, TNF- , IL-1  

 (Sunila and Kuttan 2006)   IL-6 

 (Drachenberg et al 1999)  

genetic susceptible to collagen-induced arthritis (CIA)  IL-6 
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   IL-6   

 tocilizumab   humanized monoclonal antibody  soluble IL-6R 

   (Plushner 2008) 

 anti-IL-6  physical function    

 (Nishimoto et al 2000, Tanaka et al 2010)  IL-6 

     

 IL-6  LPS induced PMA-activated U937 cells  

      

 

   LPS 

   

 IL-8  CXC 

chemokine  neutrophil 

 granule  neutrophil  , endothelial 

cells, infiltrating neutrophils  tumor-associated macrophages 

 IL-8 /  receptor  (Ning and Lenz 2012)  IL-8 

 tumor microenvironment IL-8  

(angiogenesis)  

  neutrophils 

  IL-8  (Waugh and Wilson 2008) 

  IL-8  serum  synovial fluid  

(Szekanecz et al 2010)    anti-TNF-  (infliximab)  methotrexate 

  serum IL-8 

 Erythrocyte sedimentation rate (ESR), C-rective protein (CRP), 

Diseases activity score (DAS),      (Klimiuk et al 

2006)  IL-8   

   

 IL-8  LPS induced PMA-activated U937 cells  

     

  MCP-1  CCL2  memory T cells, natural killer (NK) 

cells  dendritic cells  (Balkwill 2004) CCL2 
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 survivin 

 autophagic death (Zhang et al 2010)  CCL2 

 tumor associated macrophage (TAM) infiltration  

 (Valkovi  et al 2002)  neutralizing antibody  CCL2 

 (Loberg et al 2007) 

  MCP-1    

(obesity- and diabetes-related diseases) (Panee 2012)   MCP-1 

 (cardiovascular diseases)  MCP-

1   (atherosclerosis)  serum high-sensitivity C-reactive protein 

(hsCRP)  plasma fibrinogen (Deo et al 2004, Piemonti et al 2009)  MCP-1

 foam cells  atherosclerotic plaque 

  MCP-1  

ischaemic angiogenesis (Niu and Kolattukudy 2009)  mucosa  inflammatory bowel 

diseases (IBD)  MCP-1 mRNA (Atreya and Neurath 2010)  

 MCP-1   

wild-type (Khan et al 2006)  MCP-1  clinical severity score 

 IBD (Maeda et al 2011)  MCP-1   

  MCP-1  

     MCP-1  

LPS induced PMA-activated U937 cells    

   

   

  IL-6, IL-8  

MCP-1  

 IL-8  MCP-1  2 

 

   

 (total flavonoids as Myricetin, Luteolin, Hesperetin, Kaempferol and Apigenin) 17, 534 

  7,454   

 (Benavente-Garcia and Castillo 2008, González-Gallego et 

al 2010, Spencer et al 2012)  ( -carotene, Lycopene) 
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 vitamin E  (Kongkachuichai et al 2010) lycopene  IL-8 

 (Simone et al 2011)  (Hung et al 2008)   -

carotene  LPS-induced murine macrophage (Bai et al 2005) 

 TNF-   IL-8  3 Kongkachuichai  

 (2010)  (total flavonoids as Myricetin, Luteolin, 

Hesperetin, Kaempferol  Apigenin)   ( -carotene, -carotene, -

cryptoxanthin, Lutein, Zeaxanthin, Lycopene)  

 TNF-    IL-6 

 MCP-1 4  

Hesperetin, Kaempferol  Apigenin  Myricetin, Luteolin  Quercetin 

(Kongkachuichai et al 2010)  

  (Gutierrez et al 2008)  

 4  

 0.05-0.2 5  

(total flavonoids as Myricetin, Luteolin, Hesperetin  Kaempferol) (Kongkachuichai et al 2010)  

phenolic acids   (Rivera-Pastrana et al 2010) 

 0.05-0.2  

  100 

 5  regulatory-T cells (Treg)     peripheral blood 

mononuclear cells  4  8  

 TNF- , IL-6, IL-8  

 IL-1   (Abdullah et al 2011) 

 0.05-0.2   

 TNF-   

 

 TNF-   6 

 (Ling et al 2010, Thitilertdecha et al 2010)  2  

   (2551)      Ong   (1998) 
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 odor-active compounds   -damascenone, ethyl 2-methylbutyrate, 2,6-nonadienal, (E)-

2-nonenal  nonanal  

  

5.3.  U937  oxidative stress  

   

 (In vitro)   (In vivo) (Hoelzl et al 2005)  

U937  oxidative stress  ROS generating chemicals 

 ROS  fluorescent probe  dichlorofluorescine diacetate (DCFH-DA) 

 ROS  fluorescent signal 

 

oxidative stress  U937 (Macone et al 2004, O'Brien et al 2006)  

U937  ROS  (spontaneous ROS)  102  

 400  20   U397  ROS  562   

 5.5   

  ROS  spontaneous 

 H2O2 induced ROS  N-acetyl-L-cysteine (NAC) 10    (Sung et al 

2012)  U937  10-40  

  NAC  10   complete media phenol 

red free  2   ROS  DCFH-DA  20 

  37   30   

400   ROS  fluorescent signal  20  

 (  80)  NAC  

spontaneous ROS   41%   H2O2 induced ROS   34%  

  

 U937  

 

5.4.  

 oxidative stress  oxygen free radicals  

   oxygen free radicals 

 Reactive oxygen species (ROS)  free radicals [hydroxyl radical ( OH), superoxide 

anion (O2 ), peroxyl radical (ROO ) ]   non-radical compounds [hydrogen peroxide (H2O2), 

singlet oxygen (1O
2) ]  incomplete reaction of oxygen 
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 aerobic metabolism   oxidative 

stress  up-regulate  cellular antioxidant  enzymes  superoxide 

dismutase (SOD), glutathione peroxidase (GPx), Catalase (CAT)  non-enzymes  Vitamin C, 

Vitamin E, glutathione (GSH), carotenoids, flavonoids   oxidative stress 

      

 (Valko et al 2007)  

Oxidative stress  DNA     deoxyribose 

  arrest  induction  transcription,  replication 

errors, genomic instability  (carcinogenesis)(Valko et al 2006) marker 

 DNA damage  8-OH-guanosine  DNA  oxygen radicals 

 phospholipids membrane permeability  

  (myocytes)  malondialdehyde 

(MDA) (  oxidized lipid product)  sarcolemma  

 atherosclerosis  iron-catalysed 

formation of free radicals (Fenton reaction)  atherosclerotic lesion (Yuan and Li 2003) 

 oxidized LDL  Ox-LDL mediated plaque formation  key step 

 atherosclerosis (Podrez et al 2000)   

 antioxidant   Vitamin E, glutathione, SOD (Romero and Reckelhoff 1999) 

 superoxide radical  oxidative stress  nitric oxide radical 

 peroxynitrite 

 (endothelium cells)  (Li and Förstermann 2000) 

 oxidative stress  oxidative phosphorylation machinery  

mitochondrial -oxidation  intracellular triglyceride    

 insulin resistance (Rosca et al 2005)   -cell 

 ROS -cell  antioxidant enzymes  catalase, GPx, SOD   -cell 

 insulin (Evans et al 2003)  ROS 

 ROS     

   40   

spontaneous ROS  ( 7)  10-40  

 H2O2-induced ROS  ( 8) 
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Kongkachuichai  (2010)   (total flavonoids as Myricetin, 

Luteolin, Hesperetin, Kaempferol and Apigenin) 17, 534  

 7,454    

antioxidant  (Choi et al 2012, Jacob et al 2012, Palozza et al 2012) 

 ( -carotene, Lycopene)  vitamin E  

(Kongkachuichai et al 2010)  antioxidant  

(Choi et al 2012, Jacob et al 2012, Palozza et al 2012) 

 20  40   

H2O2-induced ROS  H2O2  ( 10) 

    (Haruenkit et al 

2007)  Toledo     

 (Toledo et al 2008)  

Teledo   

 40  spontaneous ROS  (

11)   H2O2-induced ROS 

 ( 12)  (Gull et 

al 2012, Jiménez-Escrig et al 2001, Pereira et al 2012, Thuaytong and Anprung 2011) 

 Streptotozocin  insulin  

   -cells  antioxidant enzymes (SOD, catalase, GPx)  (Huang et al 

2011)  

 2  Spontaneous ROS   20 - 40 

 ( 13)    40  

  H2O2-induced ROS  

H2O2  ( 14)  (total flavonoids as 

Myricetin, Luteolin, Hesperetin  Kaempferol) (Kongkachuichai et al 2010)  phenolic acids 

  (Rivera-Pastrana et al 2010)  -carotene  

 Mahattanatawee  (2006)  

 10-40  

Spontaneous  H2O2-induced ROS  ( 15-16) 
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 3   

 spontaneous  H2O2-induced     

 

   

inflammatory cytokine  

    

  0.2 ./ . 

 20-40 ./ .  

 20-40 ./ .    

    

 

   

 

  

 U937  

 

 U937  PMA  48  

 low-grade inflammation    U937 

 PMA  IL-1   (up-regulation) IL-1  

 pro-inflammatory cytokines (Nishida et al. 1988)  Barbieri   (2003) 

  U937  PMA  cyclooxygenase-2 

(COX-2)  COX-2  pro-inflammatory enzyme  

 COX-2  NF- B (transcription factor) 

 pro-inflammatory cytokines  

 low-grade inflammation  

    (crude extract) 

  

   

 0.2 ./ .  

 0.2 ./ .   
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 U937 

  low-grade inflammation  PMA-induced U937 

 20-40 ./ .  

   

 

   

   

    

     

 

 

6.  

  

       

  PMA-induced U937 cells 

 LPS   U937  

oxidative stress  H2O2  

 (TNF- , IL-6, IL-8, MCP-1)  

 0.2  3 

 IL-6, IL-8, MCP-1    

 (0.2 )  2   

 TNF-   0.05- 0.2  

 

 Spontaneous   H2O2  U937 

 ROS   

 40   Spontaneous 

ROS    10-40  H2O2 induced ROS  

    10-40  

H2O2 induced ROS      

   ROS 
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 2 

 

  LPS  

 

1.  (U937 cell line) 

 (U937)  ATCC 

 (Suspended cell line)  

 (differentiation)   

Phorbol 12-myristate 13-acetate (PMA) (Wiederholt et al 1988) 

 

1.1  U937 

 (Complete medium)  Basal RPMI-1640 (Sigma; R6504), 

 2 , fetal bovine serum 10%, penicillin 100,000  streptomycin 0.1 

  tissue culture flask  75   15  

 2x105- 2x106    2   

 1.2   

 (Hosoya and Marunouchi 1992, Sokol et al 

1987)  

1.  U937 tissue culture flask  75   

1.5-1.8 x106   15   1500  5   

2.  Basal media 10   1200  5   

  1 x 106   Complete media  15 

  tissue culture flask  75  

3.  PMA  20   37  

 5%  48    

4.   tissue culture flask (Hosoya and Marunouchi 1992) 

  complete media 15   37  

 5%  24  

 (  PMA   PMA 
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 attached cells  anti-CD11b (Ji 2012)  marker 

 Flow cytometer ( )  

1.3   

  

1.   2.5   37 

  5    

2.  Fresh complete media  7.5   

 1200   5   1 x 106 

   phenol red (Basal media phenol red-free) 

3.  2.  0.5   24-well plate   

1.4  Lipopolysaccharide (LPS) 

Lipopolysaccharide  

  

  LPS 

  TNF-    

 LPS  

 LPS  resazurin  

1.4.1  LPS  

  LPS  10, 100  1,000  

 

 1.3  0.5  24-well plate   

2    LPS  10   

 LPS  10, 100  1000   basal media phenol red-free 

  (negative control)  18  

 TNF-   ELISA  
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1.  TNF-   U937  LPS  10, 100  1,000 

  18  (n=3) 

 

 

1.   U937  LPS 10 

 18   TNF-   3   LPS 

 LPS  100  1,000   TNF-   

 U937  LPS  18  

 U937  LPS 

   TNF-  

 LPS  6    24  

  IL-6  6-24   24 

 (plateau phase) (Garrelds et al 1999) 

 U937  LPS  18-24  (La et al 2010, Meja et 

al 2008)   18  

LPS   LPS 

  LPS (

 B)  

1.4.2  resazurin 

 resazurin 

  resazurin  

    0               10            100          1,000 

                        LPS (ng/ml) 
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 570   600   

  

 (negative control)  100   

    

 1.4.1  TNF-   

  resazurin  0.1   50 

   2   resazurin 

 570  600   
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2.  LPS  U937 (n=3) 

 

2.  LPS 10   18  

 6.2  LPS  6.7  9.8 

 LPS  100  1000     

LPS    

   2  3  LPS  10 

 TNF-   3  

 6.2    

 

1.4.3   

 0                10              100          1,000 

                        LPS (ng/ml) 
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 U937  

   (spontaneous production)  

   (  LPS)  

  

 LPS  10  (  1.4.2) 

 18   3   1)  (serum free media) 2) 

 1%  3)  10% 

 resazurin  

 

1.  1.3  

 2.5    37     5  

  fresh complete media  7.5   

 1200   5   1 x106  

 3   1)  (serum free media) 2)  1%  3) 

 10% 

2.   0.5   24-well plate   2   LPS 

  10    18  

3.  resazurin   

                         

20
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3.  U937  LPS 10 

  18  (n=3) 
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3.  0, 1  

10%   10%  54% 

  

   LPS  

  ,  oxidative 

stress    pro-survival cytokine  growth factor  

apoptosis (Liu et al 2001)   

 apoptosis stimuli  

 growth factor   growth factor  cytokine  (long-live tissue 

cell) (Munn et al 1995)    , lytic enzyme  

  

  

  apoptosis  pro-survival signal (Activation-induced cell death)  

pro-survival signal   ( ) 

  apoptosis  (Munn et al 1995) 

  T-cell (Brenner et al 2008, Yolcu 

et al 2008), B-cell (Donjerkovic and Scott 2000, Green and Scott 1994)   granulocyte (Gaipl et al 2009)  

 

  

  Growth factor 

   U937  PMA 

  0, 1  10% 

  10%  54%  

  

  Activation-induced cell 

death  

 PMA   apoptosis  
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(serum-withdrawal)  (defining feature)  

(Daigneault et al 2010, Munn et al 1995) 

  Serum free medium  LPS 10 

  18     

 

2.  

2.1  

 1.0   90%  30  

 2   sonicate  10    2 

  7500  25  10   

 (Rotary Evaporator)  42  

  basal media phenol red-free   

2.5   0.4   0.2 

  

 

 40, 20, 10, 5, 2.5  1.25   24-well 

plate  2     LPS  

 LPS  10   18  

 resazurin  

 80  1  2 

 1.25-40 

  LPS  10   84 ± 0  112 ± 6 

(  1.)  LPS  93±0  

111±3 (  2.)  

 40, 20  10   
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1.  1.25-40  

 20  (n=3)  

10ng/ml LPS - 

 

( ) 40 20 10 5 2.5 1.25 0 

 100±2 101±1 101±2 98±1 95±2 98±1 100 

 95±2 98±2 97±2 97±1 97±2 98±1 100 

 98±3 97±4 92±1 94±3 88±1 91±1 100 

 106±5 104±4 105±2 107±2 105±6 107±2 100 

 93±1 99±5 104±4 95±6 91±2 96±3 100 

 84±0 84±0 95±3 102±6 103±5 103±4 100 

 108±3 112±2 112±6 106±1 107±3 106±0 100 

 105±3 106±2 104±6 101±6 102±4 102±3 100 

 105±3 106±1 104±6 101±5 102±3 102±3 100 

 107±3 111±2 112±6 106±1 106±3 106±0 100 
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 2.   1.25-40 

  2   LPS  10  

 18  (n=3)   

10ng/ml LPS + 

 

( ) 40 20 10 5 2.5 1.25 0 

 98±3 100±1 99±1 97±1 97±1 97±1 100 

 97±2 97±2 99±1 96±1 97±1 97±3 100 

 107±5 104±3 104±2 101±4 94±6 109±3 100 

 109±3 101±5 106±4 106±1 104±2 104±3 100 

 98±4 103±1 103±3 95±4 96±9 99±1 100 

 93±0 93±0 104±7 101±5 104±6 103±5 100 

 109±2 111±3 109±3 110±1 108±3 107±6 100 

 110±2 111±2 110±2 106±2 107±1 103±3 100 

 110±2 111±1 110±2 106±2 106±0 102±3 100 

 109±2 111±3 110±2 110±1 108±3 107±6 100 

 

2.2  10-40  TNF-  

 LPS 

 2.1 

 40, 20  10   24 well plate  2  

 LPS  10   18  

 TNF-    Dexamethasone  1 

   (positive control)  

 8   
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 LPS (10 )  

1 - Basal media phenol red-free 

2 - 1  Dexamethasone 

3 -  40  

4 + Basal media phenol red-free 

5 + 1  Dexamethasone 

6 +  40  

7 +  20  

8 +  10  

 

4.  TNF-   LPS 

10     40   

 20  40     2 

    LPS  TNF-   

 LPS   40 

  TNF-    

TNF-     40   

TNF-    4.6  4   
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4.  (A),  (B)   (C)  TNF-

 LPS  10-40   

dexamethasone 1   2   LPS 10   18  

 TNF-  (n=3) 

 

LPS (10 ng/ml)                     -         -       -        -        +       +       +       +       +       +       +       + 

Dexamethasone                    -         -        -       +        -        -        -        -        -        -        -       +     

 (mg/ml)  -          -      40       -       -         -        -        -       40     20     10      -      

 (mg/ml)        -        40      -        -        -       40      20    10        -        -        -       -     

A 

LPS (10 ng/ml)                       -         -        -        -        +       +       +        +       +       +        +       + 

Dexamethasone                      -         -        -        +        -        -        -        -        -        -         -        +   

     -          -      40       -        -         -       -         -       40     20      10       -    

                -        40      -        -        -       40     20      10       -        -         -        -    

B 

LPS (10 ng/ml)                     -        -        -         -        +        +        +        +        +        +       +       + 

Dexamethasone                    -        -        -         +        -         -        -         -         -         -        -        +            

        -        -      40         -        -         -        -         -        40     20       10      -           

                  -       40      -          -        -        40     20      10         -        -         -        -             

C 
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4. ( )  (D)   (E)  TNF-

 LPS  10-40   

dexamethasone 1   2   LPS 10   18  

 TNF-  (n=3) 

 

  10- 40   

LPS  

  2   40   

TNF-     basal media  

phenol red   

 pH  10   10, 20  40  

( )  3. 

LPS (10 ng/ml)                                       -        -        -       -       +       +       +       +       +       +       +      + 

Dexamethasone                                      -        -        -       +       -        -       -        -        -        -        -       +     

 (mg/ml)    -        -       40      -        -        -       -       -       40     20     10      -       

 (mg/ml)         -        40      -        -        -       40     20    10       -        -       -       -      

D 

LPS (10 ng/ml)                          -        -        -        -       +       +       +       +        +       +       +       + 

Dexamethasone                         -        -        -        +       -        -        -        -         -        -        -       +      

 (mg/ml)     -        -       40       -        -        -        -       -        40     20     10       -       

 (mg/ml)  -      40       -        -        -       40     20     10         -        -       -       -       

E 
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 3.  pH  10, 20  40  basal media 

 (n=3) 

pH  

( ) 40 20 10 

 6.58 7.21 7.37 

 6.53 7.20 7.37 

 7.33 7.32 7.36 

 7.36 7.35 7.36 

 7.23 7.24 7.30 

 7.24 7.26 7.3 

 7.34 7.35 7.37 

 7.37 7.37 7.38 

 7.39 7.39 7.39 

 7.39 7.39 7.40 

 

  3.   40 

  pH  6.58  6.53   

pH  7.2-7.4  physiological pH   

   TNF-   ELISA    2 

 TNF-   

 40  20  TNF-   dose dependent  

 10   

 TNF-    

 10-40  

   5, 2.5  1.25 
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2.3  1.25 - 5 

 LPS 

 1.25, 2.5  5  

 24 well plate  2   LPS  18  

 TNF-  5. 
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1.25 mg/ml+10ng/ml LPS

 
 

5.  TNF-  LPS 

 1.25-5 mg/ml  2   LPS 10 ng/ml  18  

 TNF-  (  LPS ) (n=3) 

 5.  10  1.25, 2.5 

 5   LPS 10  

 LPS   TNF-  

    2    

 TNF-   

  

2.4   

 2   

  )   LPS  

 LPS-induced 

TNF-  ( 5)  TNF-  LPS (spontaneous production) 

(  4D)  
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 0.02-40   2-fold dilution  24 well plate  

20   TNF-  6 
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6.  TNF-   basal media 

(negative control)    0.02-40  20  

 TNF-  ( ) (n=3)  

 

6.  ( ) 

 TNF-   

0.31   

 ( 5)  ,     2  

 0.2  

) ,    

 

, , , , 

    0.2   24 well plate  20  

 TNF-   7. 
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7.  TNF-   basal media (negative 

control)        0.2  20 

  TNF-  ( ) (n=3) 

 

7. , , , 

,     0.2   

TNF-      0.2 

 

 LPS  

 

   

 0.2, 0.1  0.05 

  24 well plate  2   LPS  10 

  18   

 TNF- , IL-6, IL-8  MCP-1  ELISA  N-acetyl-L-cysteine (NAC) 

 10   oxidative stress 

  (Geiler et al 2010, Kröger et al 1999, Sung 

et al 2012)   Basal media phenol red-free  0.5  

 resazurin  

 LPS  
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 3 

 Oxidative stress 

3.  

 

 U937  oxidative stress  LPS 

  intracellular ROS  

 U937  LPS  10  100 

  18   Dichlorodihydrofluorescein Diacetate (DCFH-DA)  

20  30   5     basal 

media phenol red free   1.8 x 106  

 96  200    excitation 485   emission 

530   10   50   net Fluorescent (Fnet)  

   Fnet = Fstained cell - Funstained cell 
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8.  U937  LPS  10  100 

 18     DCFH-DA  30   

plate  trypsinize  (n=3) 

 

8.  LPS 100  10  

 intracellular ROS  1.5   LPS 

oxidative stress 
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 U937   

 oxidative stress  

    LPS (Kruzel et al 2010, O'Brien et 

al 2006b) 

  

3.1  Dichlorodihydrofluorescein Diacetate (DCFH-DA) 

 ROS  U937  

  intracellular ROS  DCFH-DA   DCFH-

DA   esterase  diacetate 

 DCFH  reactive oxygen species (ROS) 

 DCF  intracellular ROS  fluorescent signal  

DCFH-DA (Krejsa and Schieven 2000, Wolfe and Liu 2007) 

 esterase   DCFH-DA 

  DCFH-DA  DCFH-DA 

 oxidative stress   intracellular 

ROS  oxidation-reduction  (Spontaneous ROS) 

  DCFH-DA  

fluorescent  DCFH-DA  

 U937  DCFH-DA  1.25- 40   37 

  30   excitation 485  emission  530 

  

3.1.1  U937  confluent  1.5-1.8 x 106  

 1200   5   basal RPMI phenol red free media 2  

 1.8 x 106  basal RPMI phenol red free media  

0.2  96 well black plate  2   U937  serum-free 

  multi-channel pipette 
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3.1.2  DCFH-DA  1.25- 40   0.2  

 unstained cell  basal RPMI phenol red free media 0.2    30 

  multi-channel pipette 

3.1.3  basal RPMI phenol red free media 2   1500 rpm 5  (  

centrifuge  microplate)  basal RPMI phenol red free media  0.1   

fluorescent  excitation 485  emission  530  net Fluorescent (Fnet) 

 

   Fnet = Fstained cell - Funstained cell 

 

y = 61.516x + 67.163
R2 = 0.9973
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9  DCFH-DA ( M)   Fluorescent signal 

 DCFH-DA   DCFH-DA (n=3) 

 

 

9.  fluorescent signal  DCFH-DA  

 DCFH-DA  485/530   U937  

DCFH-DA  1.25-40    

 DCFH-DA  1.25-40   intracellular ROS  U937 

  

 DCFH-DA  2  20 

  10   0-50  

9.  U937  spontaneous ROS 
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 serum-free  spontaneous ROS   

complete media phenol red free   

10.  DCFH-DA  2  

 (standard variation)  intracellular ROS  DCFH-DA 20  

  spontaneous ROS   

DCF  intracellular ROS 

  DCFH-DA  20    

 serum free media  complete media   oxidative stress 

  20  0   serum free media 

 spontaneous ROS  1300 Relative fluorescent unit (Rfu) ( 9)  complete 

media  55 Rfu ( 10)  DCFH-DA  20  

 complete media  intracellular ROS  U937 
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10.  Fluorescent signal (ROS)  U937  DCFH-DA  2 

 20   0, 10, 20, 30, 40  50  (n=3) 

 

3.2  Oxidative stress  U937 

 oxidative stress  U937  

 intracellular ROS 2    Lipopolysaccharide 

(LPS) (Kruzel et al 2010)   (O'Brien et al 2006b)  

DCFH-DA  20   LPS  25, 50  100 
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   25, 50,100  400  

 ROS  10   50   

 3.2.1  oxidative stress  LPS 

1.  U937  confluent  1.5-1.8 x 106  

 1500   5   basal RPMI phenol red free media 2  

 1 x 106   complete RPMI phenol red free media

 2   6 well plate  2  37 º C 

2.  2   1500   5  

 basal media phenol red free 2   

DCFH-DA  20  basal RPMI phenol red free media  2  

  6 well plate  37 º C   30  

3.  2   1500   5  

  basal media phenol red free 2  

 2 x 106   complete media phenol red free 

4.  50   96 well black plate  

 3  (triplicate)  treatment 

5.  LPS  2   50 

  LPS  25, 50  100   

basal media phenol red free  50    excitation 485  / 

emission 530   10   50   net Fluorescent (Fnet)  

   Fnet = Fstained cell - Funstained cell 
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11.  Net Fluorescent Signal   U937  LPS  0-100 

  DCFH-DA 20   0-50  (n=3) 

 

 

 

11.  LPS  ROS 

  ROS  1.2  

   

3.2.2  oxidative stress  

  DCFH-DA 3.2.1 

   

1.  50   96 well black plate  3  (triplicate) 

 treatment 

2.   2  

 50   25, 50, 100  400  

 (negative control)  basal media phenol red free   excitation 

485 , emission 530   10   50   net Fluorescent (Fnet) 
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   Fnet = Fstained cell - Funstained cell 
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12.  Net Fluorescent Signal   U937  (H2O2) 

 0-400  ( M)  DCFH-DA 20  ( M)  0-50  (n=3) 

 

 

12.   25, 50  100   

  ROS   maximum ROS  10-20 

  ROS  negative control  1.3-1.6  

  400   ROS  20  

 ROS  negative control  4  

 400  20  

3.2.3  U937  

     Oxidative 

stress  U937  400  

 20   

 U937  sulforhodamine B (SRB) assay (Vichai and Kirtikara 2006)   

1.  U937  400  

 20  3.2.2.  multichannel pipette  PBS ( ) 

 100   50% Trichloroacetic acid ( )  20  

 4   2  
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2.   5    0.4% 

sulforhodamine B  1% acetic acid  100   

 20   

3.  1% acetic acid 4    Tris-

base  10   200   5  

 

4.  96 well plate (transparent)  

565   690  

5.  

 100% 

 U937  

400  20   91± 3 

 80   oxidative stress 

 

 

3.2.4  U937 

 1.0   90%  30  

 2   sonicate  10   

 2   7500  25  10  

  (Rotary Evaporator)  42 

   complete media phenol red free  2.5  

 0.4   0.2  

 

 pre-treatment 

 2   oxidative stress 

   2 

  pre-treatment   3  

 (cytotoxic test) 

 pre-treatment  
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  0.004-40 

  10-fold dilution  3   

 80  

4 

 

4.  U937  0.004-

40  3  (n=3)  

 

( ) 
0 40 4 0.4 0.04 0.004 

 100 109±4 100.±3 97±2 97±2 95±1 

 100 114±5 105±2 104±3 101±4 100±3 

 

4.  2  3  

 80   

0.004-40   3 

 

 3.2.4.1  

Spontaneous intracellular ROS  U937 

 

  oxidative stress 

 spontaneous intracellular ROS  

 0.4-40  2   intracellular ROS 

 DCFH-DA  20   excitation 485  

emission 530  20  13.  

13.  2  0.4-40 

  2   intracellular ROS  
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 intracellular ROS  dose-dependent   

 U937  4  
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13.  Intracellular ROS   U937  

0.4-40  2  (n=3)  

3.2.4.2.   

 3.2.4.1  

, , , , , ,   

   0.4-40  

  10-fold dilution  3  

 80  

5. 

5.  8   0.4-40 

  3   80   

 0.4-40  

 3  
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5.  U937  0.04-40 

 3  (n=3)  

 

 

( ) 
0 40 4 0.4 

 100 101±3 101±2 87±2 

 100 101±1 98±10 80±3 

 100 93±6 90±1 80±5 

 100 99±3 95±4 89±1 

 100 103±1 90±2 91±2 

 100 103±3 94±3 90±3 

 100 101±7 93±2 90±1 

 100 102±4 91±4 88±3 

 

 Oxidative stress  

 U937  40, 20  10 

  complete media phenol red free  2   

intracellular ROS  DCFH-DA  20   37 ºC  30  

  (cell suspension)   96 well black plate 

 400    basal media phenol red free  (negative 

control)  intracellular ROS  excitation 485 nm, emission 530 nm  20  

 N-acetyl-L-cysteine (NAC)  10  

 oxidative stress   (positive control) 

  SRB assay  
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4 

 TNF-   ELISA(PETROTECH 900-K25) 

1.  capture   PBS pH 7.2-7.4  0.5  

 ELISA  50  (Maxisorp, NUNC)  moist 

chamber  

2.   PBST 0.05% 1  

3.  1%BSA  PBS  100   moist chamber  

 2  

4.  PBST 0.05% 1   3   

5.  standard TNF-  (  10 )  500  

7.8   2-fold dilution  1%BSA  PBST 0.05%  

 50  

6.  4  

7.  PBST 0.05% 3   3   

8.  biotin-labeled detecting Ab  0.25  1% BSA in 

PBST0.05%   50  

2  

9.  PBST 0.05% 3   3   

10.  HRP-conjugated Streptavidin  (Invitrogen)  1:5000  1% BSA  PBST 0.05%   

 50    

11.  PBST 0.05% 3   3   

12.  TMB substrate solution (TMB component HRP Microwell substrate, Bio Fx, Surmodic, cat No. 

TMBW-0100-01)  50  and incubate at RT (20-25 degree) for 20 min 

13.  2 M H2SO4  50  

14.  450  540   OD450-

OD540  
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 IL-6  ELISA (PETROTECH 900-K16) 

1.  capture   PBS pH 7.2-7.4  0.25  

 ELISA  50  (Maxisorp, NUNC)  

moist chamber  

2.   PBST 0.05% 1  

3.  1%BSA  PBS  100   moist chamber  

 2  

4.  PBST 0.05% 1   3   

5.  standard IL-6 (  10 )  500  7.8 

  2-fold dilution  1%BSA  PBST 0.05%   

50  

6.  4  

7.  PBST 0.05% 3   3   

8.  biotin-labeled detecting Ab  0.25  1% BSA in 

PBST0.05%   50  

2  

9.  PBST 0.05% 3   3   

10.  HRP-conjugated Streptavidin  (Invitrogen)  1:5000  1% BSA  PBST 0.05%   

 50    

11.  PBST 0.05% 3   3   

12.  TMB substrate solution (TMB component HRP Microwell substrate, Bio Fx, Surmodic, cat No. 

TMBW-0100-01)  50  and incubate at RT (20-25 degree) for 20 min 

13.  2 M H2SO4  50  

14.  450  540   OD450-

OD540  
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 IL-8  ELISA (PETROTECH 900-K18) 

1.  capture   PBS pH 7.2-7.4  0.125  

 ELISA  50  (Maxisorp, NUNC)  

moist chamber  

2.   PBST 0.05% 1  

3.  1%BSA  PBS  100   moist chamber  

 2  

4.  PBST 0.05% 1   3   

5.  standard IL-8 (  10 )  500  7.8 

  2-fold dilution  1%BSA  PBST 0.05%   

50  

6.  4  

7.  PBST 0.05% 3   3   

8.  biotin-labeled detecting Ab  0.125  1% BSA 

in PBST0.05%   50 

 2  

9.  PBST 0.05% 3   3   

10.  HRP-conjugated Streptavidin  (Invitrogen)  1:5000  1% BSA  PBST 0.05%   

 50    

11.  PBST 0.05% 3   3   

12.  TMB substrate solution (TMB component HRP Microwell substrate, Bio Fx, Surmodic, cat No. 

TMBW-0100-01)  50  and incubate at RT (20-25 degree) for 20 min 

13.  2 M H2SO4  50  

14.  450  540   OD450-

OD540  
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 MCP-1  ELISA (PETROTECH 900-K31) 

1.  capture   PBS pH 7.2-7.4  0.125  

 ELISA  50  (Maxisorp, NUNC)  

moist chamber  

2.   PBST 0.05% 1  

3.  1%BSA  PBS  100   moist chamber  

 2  

4.  PBST 0.05% 1   3   

5.  standard MCP-1 (  10 )  500  

7.8   2-fold dilution  1%BSA  PBST 0.05%  

 50  

6.  4  

7.  PBST 0.05% 3   3   

8.  biotin-labeled detecting Ab  0.5  1% BSA in 

PBST0.05%   50  

2  

9.  PBST 0.05% 3   3   

10.  HRP-conjugated Streptavidin  (Invitrogen)  1:5000  1% BSA  PBST 0.05%   

 50    

11.  PBST 0.05% 3   3   

12.  TMB substrate solution (TMB component HRP Microwell substrate, Bio Fx, Surmodic, cat No. 

TMBW-0100-01)  50  and incubate at RT (20-25 degree) for 20 min 

13.  2 M H2SO4  50  

14.  450  540   OD450-

OD540  
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 5 

Flow-cytometric analysis  

 CD11b  marker   U937 

 suspension  attached  PMA  1  fluorescein 

isothiocyanate (FITC)-labeled anti-CD11b  Hanks balanced salt solution [HBSS], 20 mM HEPES, 0.2% 

sodium azide  2% FBS  30   20   buffer  

resuspended  0.5% paraformaldehyde  PBS   BD FACSCalibur flow cytometer 

 100,000 events  

    

 

 
 A  CD11b  U937  PMA  G0 mean fluorescent intensity 

=8.78  

A

B
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 B  CD11b  U937  PMA  20 

  48   G0 mean fluorescent intensity =18.38 

 flow cytometer 

 PMA  mean fluorescent intensity   2  mean 

fluorescent intensity  non-stimulated cells (suspended U937 cells)  CD11b 

 (up-regulation)  A  B  G0 mean fluorescent intensity of 

stimulated/unstimulated = 2.09   suspended U937 cells  PMA 20 ng/ml  

48  U937  differentiate   Garcia 

  (1999) 

 

García A, Serrano A, Abril E, Jimenez P, Real LM, Cantón J, Garrido F, Ruiz-Cabello F.(1999). Differential 

effect on U937 cell differentiation by targeting transcriptional factors implicated in tissue- or stage-specific 

induced integrin expression. Experimental Hematology 27(2): 353-364. 

  
 

 

 



 

 

 (non-communicable chronic diseases)    

    

  

 

    

  

 

   

    

    

    

   

       

  

 (antioxidant system)  

    

      

      

  antioxidant enzymes, nonenzymatic antioxidants  detoxifying enzymes   

 

  oxidative stress   

 

     

     

     

 (phytonutrients)  

 

      



  

 

    

     

      

  

    

oxidative stress     

 (TNF- , IL-6, IL-8, MCP-1) 

 0.2 

 3     

 2   

 

 

 (Spontaneous)  

 U937  ROS 

  

 40   

 10-40   

    

  

   

 

    

    

 

  

  

  

 

 

  



6 
 

 (
)

 

1.
 

 T
NF

-

,IL
-6

, I
L-

8,
 M

CP
-1

 

di
ffe

re
nt

iat
e 

 P
M

A 
 

 L
PS

  

1.
 

 

2.
 

 co
nd

iti
on

 

 U
93

7 
 

3.
 

PM
A 

 d
iff

er
en

tia
te 

U9
37

 m
on

oc
yt

e 
 

m
ac

ro
ph

ag
e 

 co
nd

iti
on

 

 L
PS

 

  4
.  

co
nd

iti
on

 

 m
ac

ro
ph

ag
e 

 L
PS

 

 
 

 T
NF

-

 

 

1.
 

 

2.
 

 co
nd

iti
on

 

 

3.

 P
M

A 
 d

iff
er

en
tia

te 

U9
37

 m
on

oc
yt

e 
 

m
ac

ro
ph

ag
e 

 

/
 se

ru
m  L
PS

 

4.
  

LP
S 

 co
nd

iti
on

 

 

 m
ac

ro
ph

ag
e 

 

TN
F-

 

 

1.
 

  

2.
 

 co
nd

iti
on

 

 

3.
 

 P
M

A
 

di
ffe

re
nt

iat
e U

93
7 

m
on

oc
yt

e 

 m
ac

ro
ph

ag
e 

 se
ru

m
 fr

ee
 m

ed
iu

m
  L
PS

 

4.
  

LP
S 

 co
nd

iti
on

 

 m
ac

ro
ph

ag
e  

 

- 



6 
 (

) 

 

 (
)

 

1.
 

 T
NF

-

,IL
-6

, I
L-

8,
 M

CP
-1

 

di
ffe

re
nt

iat
e 

 P
M

A 
 

 L
PS

  

5.
 

 P
M

A-

in
du

ce
d 

U9
37

 

 L
PS

 

 

5.
 

 

PM
A-

in
du

ce
d 

U9
37

(4
0,

 2
0,

 

10
, 5

, 2
.5

 
 1

.2
5 

m
g/

m
l) 

 L
PS

 

 

5.
 

 

LP
S  

 p
H

 

- 



6 
 2

  

 (
)

 

1.

 T
NF

-

,IL
-6

, I
L-

8,
 M

CP
-1

 

di
ffe

re
nt

iat
e 

 P
M

A 
 

 L
PS

 

1.
1 

 4
0,

 2
0,

 1
0,

 5
, 2

.5
 

 

1.
25

 m
g/

m
l) 

 T
NF

-
 

 

LP
S 

 

1.
2.

 1
.2

5 

- 5
 m

g/
m

l 
 T

NF
-

 

 

 1.
3.

 

 0
.2

 m
g/

m
l 

 T
NF

-

 
 

1.
1 

 

 4
0,

 2
0,

 1
0,

 5
, 2

.5
 

 

1.
25

 m
g/

m
l) 

  T
NF

-

 
 

LP
S 

1.
2.

 1
.2

5 
- 5

  m
g/

m
l 

 T
NF

-
 

 

1.
3.

 
  0

.2
 m

g/
m

l 

 T
NF

-
 

 

1.
1 

TN
F-

 

 4
0 

m
g/

m
l 

 T
NF

-
 

 4
.6

 
 

 

 1.
2.

TN
F-

 

 1
.2

5 
- 5

 m
g/

m
l  

  1.
3.

 

 0
.0

5-
0.

2 
m

g/
m

l 

 

 T
NF

-  

 3
 

 

 1
5 

 

1.
 

 –
 

 2
55

4 

 

2.
 

 

LP
S 

 

3.
 

 U
93

7

 o
xi

da
tiv

e s
tre

ss
 

an
ti-

in
fla

m
m

ati
on



6 
 2

 (
) 

 (
)

 

1.

 T
NF

-

,IL
-6

, I
L-

8,
 M

CP
-1

 

di
ffe

re
nt

iat
e 

 P
M

A 
 

 L
PS

 

 2. sp
on

tan
eo

us
 o

xi
da

tiv
e s

tre
ss

 

in
du

ce
 R

OS
 

 

1.
4.

 

 L
PS

 

    2.
1.

 U
93

7 
 

 

LP
S 

 R
OS

 
 

 

1.
4.

 
  0

.0
5-

0.
2 

m
g/

m
l 

 

LP
S 

  T
NF

-
,IL

-6
, 

IL
-8

, M
CP

-1
 di
ffe

re
nt

iat
e 

 P
M

A 
 

 L
PS

 

2.
1.

 

LP
S 

 R
OS

 

di
ffe

re
nt

iat
e 

 P
M

A 

 
 

LP
S 

10
 

 1
00

 n
g/

m
l 

  

1.
4.

 

  T
NF

-
,IL

-6
, I

L-
8,

 

M
CP

-1
 di
ffe

re
nt

iat
e 

 P
M

A 
  L

PS
 

  2.
1.

 L
PS

 

1
  R

OS
 

 1
.5

 

 

 

  

 4
. 

 P
M

A-
in

du
ce

d 
 

U9
37

 
 C

D1
1b

 

m
ar

ke
r 

 F
lo

w-

cy
to

m
ete

r 

 d
iff

er
en

tia
te 

 

 

un
sti

m
ul

ate
d 

U9
37

 
 

sti
m

ul
ate

d 
ce

lls
 

  

sti
m

ul
ate

d 
ce

lls
 

 m
ea

n 

flu
or

es
ce

nt
 in

ten
sit

y 

 2
 

 

di
ffe

re
nt

iat
e 

 



6 
 2

 (
) 

 (
)

 

2. sp
on

tan
eo

us
 o

xi
da

tiv
e s

tre
ss

 

in
du

ce
 R

OS
 

 

2.
2 

 

Di
ch

lo
ro

di
hy

dr
of

lu
or

es
ce

in
 

Di
ac

eta
te 

(D
CF

H-
DA

)  R
OS

 

 U
93

7 

 co
nd

iti
on

 
 

2.
3 

 

Ox
id

ati
ve

 st
re

ss
 

 

U9
37

 

2.
2 

 

DC
FH

-D
A 

 R
OS

 

 U
93

7
 co

nd
iti

on
  

RO
S 

 (

)  

2.
3 

 

LP
S 

  
 R

OS
 

  

2.
2 

 D
CF

H-
DA

 

 2
0 

 

 co
m

pl
ete

 m
ed

ia 

 in
tra

ce
llu

lar
 R

OS
 

 U
93

7 
 

  2.
3 

 L
PS

 

RO
S 

 1
.2

 
 

 4
00

 
M

 

 2
0 RO

S 
 

4 
 

  



6 
 2

 (
) 

 (
)

 

2. sp
on

tan
eo

us
 o

xi
da

tiv
e s

tre
ss

 

in
du

ce
 R

OS
 

 

2.
4 

 U
93

7
 

 S
po

nt
an

eo
us

 R
OS

 

 U
93

7 

 

2.
5 

 U
93

7 

 

 

2.
4 

(0
.4

-4
0 

m
g/

m
l)

 

Sp
on

tan
eo

us
 in

tra
ce

llu
lar

 R
OS

 

 U
93

7 

 

 2.
5 

(1
0-

40
 m

g/
m

l) 

 sp
on

tan
eo

us
 

 

H 2O
2 
in

du
ce

d 
RO

S 

 U
93

7  

2.
4 

 0
.4

-4
0 

m
g/

m
l 

 

2 
 

 

in
tra

ce
llu

lar
 R

OS
 

 

 

80
%

  

2.
5

 

sp
on

tan
eo

us
 

 H
2O

2 

in
du

ce
d 

RO
S 

  


