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Abstract 
Epidemiological studies have shown that dietary �avonoids may contribute to the 

prevention of oxidative damage in our body. Among different �avonoids, 

proanthocyanidins have received quite significant interest due to their observed health 

benefits. Previous study in our laboratory indicated that the water and methanol 

extracts of longan (Dimocarpus longan Lour.) flower had good antioxidative activity, 

and proanthocyanidin A2 (PA2) and (-)-epicatechin (EC) were found to be the major 

active compounds.  

PA2 is a very unstable compound, it could easily be transformed to its isomers 

epicatechin-(4��8;2��O�7)-ent-catechin (PA4) and epicatechin- 

(4��6;2��O�7)- ent-catechin (PA5) in cell culture medium. PA2 and EC are 

present together in longan flower, so the objective of this study was to use the 4 pure 

compounds PA2, EC, PA4 and PA5 and also 4 compounds mixtures with different 

molar or weight ratios of PA2 and EC (2:1), (1:1), (1:2) and nature existence condition 

(1:3.3), to test their bioavailability, anti-inflammatory and anti-oxidant effects.   

The Caco-2 cells model has been used to test the bioavailability. Caco-2 cells are 

derived from human adenocarcinoma and will differentiate into polarized 

enterocyte-like monolayers, acting similarly to human intestinal epithelial cells. 

Caco-2 cell monolayer system has provided a useful model to evaluate intestinal 

transepithelial transport and accumulation of pure phytochemicals. Results of this 

study showed that PA2 could be absorbed and transported to basolateral side with the 

apparent permeability coefficient (Papp) of 4.72 ± 0.42×10-6 cm/s but EC could not be 

transported to basolateral side. On the other hand, PA4 can be absorbed and transport 

to basolateral side with the Papp = 11.45 ± 5.02×10
-6

 cm/s which was even higher 

than PA2, it may be due to the presence of catechin in the lower unit of the molecule. 

Nevertheless, PA5 (Papp = 2.51±0.21×10-6cm/s) did not possess good permeability as 

PA4, the reason needs further investigation. As for the mixtures groups, it was found 

that the permeability of PA2 was interfered by the presence of EC and EC still could 

not be absorbed by Caco-2 cell.  

Inhibition of LPS-induced NO production in RAW264.7 cell was used as 

anti-inflammatory assay model. PA2 showed good ability in inhibiting NO formation 

but PA2 isomers did not show as good effects. Compared to PA2, EC was found to be 
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less effective. As for the mixtures groups, the anti-inflammatory effect was better 

when EC was in lower ratio in the mixture. 

In the chemical based in vitro antioxidant assays (DPPH, ORAC) EC had better 

antioxidant activity than PA2. However, in the cell based antioxidant assay (CAA), 

the effect of PA2 was far better than EC. The mixture group also has this similarity: 

when the EC was present more in the ratio, the chemical based in vitro antioxidant 

effect was better but the cell based antioxidant effect was worse. This may be because 

EC can not be absorbed by cells. 
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A 
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Caco-2 cell  

Caco-2 cell 

Caco-2 cell

 

 

Caco-2  

Caco-2 Caco-2 cell

(tight junction) Caco-2 cell

Caco-2 cell tight junction

4.5Å 8-13 Å (Chirayath et al., 1998) Caco-2 cell

Caco-2 cell

organic solute transporters 

(OST�/�) (Hilger et al., 1990) Caco-2 cell

H+/ di-tripeptide transporter (PEPT1) ( Saito et al., 1997)

multi-drug resistant protein (MRP) (Hunter et al., 1993) apical Na+-dependent bile 

acid transporter (ASBT) ( Hidalgo et al., 1990) organic anion-transporting 

polypeptide 2B1 (OATP-2B1) (Sai et al., 2006) monocarboxylic acid transporter 1 

(MCT1) ( Tamai et al., 1995) organic cation/ carnitine transporter (OCTN2) 

( Elimrani et al., 2003) multidrug resistance-associated protein 2 (MRP2) breast 

cancer resistance protein (BCRP) (Xia et al., 2005)  ( 2-1) Caco-2 cell

Caco-2 cell
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2-1 Caco-2 cell  

Figure 2-1. Drug transporters and metabolic enzymes present in the Caco-2 cell 

monolayer. 

ASBT: apical Na+-dependent bile acid transporter 

OATP-2B1: organic anion-transporting polypeptide 2B1 

MCT1: monocarboxylic acid transporter 1 

PEPT1: H+-/di-tripeptide transporter 1 

OCTN2: organic cation/ carnitine transporter  

MDR1: multidrug resistance protein1 (or P glycoprotein, P-gp) 

MRP2/3/4/6: multidrug resistance-associated protein 2/3/4/6 

BCRP: breast cancer resistance protein 

OST�/�: organic solute transporters                      (Sun, et al, 2008) 
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Caco-2 cell  

 (testosterone  salicylic acid) 

( hippurate salicylate anion) 

 (Hilger et al., 1990)

Caco-2 cell 35

Caco-2

0.95 ( 2-2) Caco-2

 (Yee et al., 1997)  

Caco-2 cell :P-gp, MRP2 BCRP

tight junction

 (efflux pump)

Caco-2 cell 

Caco-2 cell Caco-2 cell

 (Papp, A�B= 

Papp,B�A)  (B�A)

 (A�B)  (Papp,A�B� 

Papp,B�A)  

 

 Caco-2 cell  

Caco-2 cell

transwell Caco-2 cell

transwell apical chamber

basolateral chamber ( 2-3) Caco-2 cell

21

2-3

 (Hilger et al., 1990)  

Papp=dC/dt × V/(A×C0) 

Papp cm/s dC/dt  (receiving side) 

�M/s V cm3 A
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cm2 C0 �M  

TEER (Transepithelial Electric Resistance) ( 2-4)

transwell

 (Deprez et al., 2001) apical 

basolateral chamber

TEER 350 �.cm2 

(Deprez et al., 2001) 

Caco-2 cell

 

 

  
 
 
 
 
 
 

 

 

 

 

 

 

 

 

2-2 Caco-2 cell  

Figure 2-2 Correlation between % dose absorbed in vivo in human versus Papp across 

Caco-2 cell monolayers treat with 10�M CP-Y. (R=0.95, n=35) 

 

(Yee et al, 1997) 
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2-3 Trans-well  

Figure 2-3 Diagram of Trans-well 

 

(Sun, et al, 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-4  

Figure 2-4 Transepithelial Electric Resistance measurement.  

(www.pharmaceutical-int.com) 
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 (free radical) 

DNA  (Ghosh et a.l, 1990)  

 

(NO) 

3-5

 (nitrite, NO2
-)  (nitrate NO3

-) NO

 (Liaudet et al., 2000)  

 (nitric oxide synthases

NOS) L-  (L-arginine) L-  (L-citrulline) NO

 (Marletta et al., 1989)  

 NOS  

(1) nNOS (neutronal NOS)  

(2) eNOS (endothelial NOS)  

(3) iNOS (inducible NOS)  

nNOS eNOS NOS (constitutive NOS cNOS) cNOS

NO

 (Lyons et al., 1992) NO GDP

cGMP  

iNOS

 (Nature Killer cell) 

(lipopolysaccharide LPS) IL-1 TNF-�

(Nicholas et al., 2007) iNOS

DNA  (Momcada et al.,   

1991) ( 2-5) 
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2-5 nNOS eNOS  

Figure 2-5. The mechanism of nNOS and eNOS 

                                                 (Allen, et al, 2009) 
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Cyclooxygenase (COX) 

  Cyclooxygenase (COX)

Prostanoids Prostanoids  (Prostacyclin PGI2)

 (prostaglandins PG)  (thromboxane A2 TXA2)

 (Aspirin)  (NSAID) 

COX  

    COX COX-1 COX-2

 (arachidonic acid)  (prostaglandin H2)

COX-1

thromboxane A2 

(TXA2) TXA2

COX-2 COX-1 COX-2

COX-2

PGI2

 (Parente, et al., 2003)
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 (collagen matrix) 

(Tsujii, et al., 1998)  

COX-1 COX-2 COX-2

PGI2  COX-1

 

 

Lipopolysaccharide (LPS) 

 (LPS)

LPS

lipid A  (core polysaccharide) O

( 2-6) lipid A LPS lipid A
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LPS lipid 

A LPS lipid A

9 12

LPS O

50 100 4 7 O

 

LPS LPS binging protein (LBP)

LPS receptor (CD14  Toll-like receptors) 

LPS CD14

NO tumor necrosis factor-� (TNF-�) interferon-	 

(IFN-	)  (PGE2)  (nitric oxide; NO) 

 (Finberg et al., 2004)

 
2-6 LPS  

Figure 2-6 Structure of LPS 
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 (Free radical)

 ( 2-1)  

(ROS)  (reactive nitrogen species RNS)

 (Oxidant stress)
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2-1  

Table 2-1. Some of the main reactive species divided according to the nature of the 

substance. 

 
(Coenelli, et al, 2009) 
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(1)  (energetic pathway) ATP

superoxide 

anion radicals (O2
-)  (Cu2+ Fe2+) 

hydroxyl radicals ( OH) 2100 kcal

300 mol ATP (1 ATP= 7 cal) 100 mol

ATP 1% 

100 mol 300 mol ATP  (O2) 

 (H2O) 3 mol  

 

              

(Coenelli, et al, 2009) 

 

 (O2) ( H2O) 4

 (e-) 

 

 

 

 

 

 

 

(Coenelli et al., 2009) 

(2)  (reactive pathway)  (oxidative burst)

 ( ) 
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 (nicotinamide adenine dinucleotide 

phosphate NADPH)  (H2O2)  

(3)  (metabolic pathway) O 2

 (arachidonic acid)  (prostaglandin H2) 

 (norepinephrine)  (dopamine)  (Coenelli et al., 

2009)  

 

 

100  (Cornelli et al., 

2009) ( 2-2)  

TBARS  

 

(Electron Spin Resonance) 

 

TRAP (Total peroxyl radical trapping)  

TEAC (Trolox equivalent 

antioxidant capacity) ORAC (Oxygen radical absorbance capacity) DPPH  
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2-2  

Table 2-2 Some of the most common test under use for the determination of oxidative 

stress and the relative category from class 1 to 4. 

 
(Cornelli et al., 2009) 
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 ATP 1 mol �-

(�-tocopherol) 431 �-

431 �-

 ( 2-3)(Cornelli et al., 2009)

 

2-3  

Table 2-3. Some of the compounds that are part of the antioxidant network in humans. 

 
(Cornelli et al., 2009) 
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( 2-7)  

1.

 (peroxidases)  (catalase)  

2. ” ”  (albumin)

(transferin )  (uric acid)

 

3.  (trace metal)

(

 (squalene) Q10 (coenzyme Q10)  

(cytochromes) ) 

4.

 

 
(Nutr. Sci. News 1998;3:352-354) 

2-7  

Figure 2-7 Antioxidant hierarchy 

Maximum activity 

Minimum activity 

� Enzyme (catalase, peroxidases) 
 
 
 
� Shock adsorbers (albumin, uriacid, transferring, 

etc.) 
 
 
 
� Essential compounds (Vit. E, Vit. C), amino acids, 

peptides, CQ10, lipoic acid, squalene, etc. 
 
 
� Other (carotenoids, flavonoids) 
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1.  

Dimocarpus longan Lour.  (Sapindaceae) 

 (Dimocarpus) 

60~70 5~10

2 6

3000  

 

 ( 1994)

 ( 1967)  

2.  

  (polyphenol)  

(gallic acid)  (tannin)  (proanthocyanidin) ( 2005)

DPPH  (TEAC)  

(ORAC) LDL

 (2006) 

NMR MASS IR proanthocyanidin 

A2 (–)-Epicatechin ( 2-8)
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(a) 

 

 

 

 

 

(-)-Epicatechin 

Formula: C15H14O6 

Molecular weight: 290.3 

(b) 

 

 

 

 

 

 

 

 

 

 

Proanthocyanidin A2 

Epicatechin-(4ß-8,2ß-O-7)-epicatechin 

Formula: C30H24O12 

Molecular weight: 576 

2-8  

Figure 2-8. The active antioxidative components in Longan flower 

(a). (-)-Epicatechin 

(b). Proanthocyanidin A2 (epicatechin-(4��8;2��O�7)- epicatechin) 

O

OH

OH

OH

OH

OH

O OH

OH

OH

O

OH

2

3

45
6

7
8 9

10
11

12

13

14

2'

3'

4'

5'

6'

7'

8'

9'

10'
11'

12'
13'

14'

8?
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(Proanthocyanidins) 

1.  

 

 

2.  

 flavan-3-ol (catechin) 

A B C types C2-O-C7

C4-C8 C4-C6 A type proanthocyanidin

C4-C8 C4-C6 B type

C4-C8 C4-C6 C type

A type proanthocyanidin  

3.  

DPPH (Hatano et al., 2002) O2
-(Facino et al., 1994) HO (Shahat et al., 2002) 

 (Moini et al., 2002)  (LDL) 

 (Osakabe et al., 2002)   (De 

Bruyne et al., 1999)  (Howell et al., 1998)  (Sen et al., 2001)

(Ray et al., 1999)

C

E �- trolox (Bagchi et al., 2002)  

1/3

 (Gronbaek et al., 1998)  
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1.  

 (Knekt et al., 2002)  

 ( )  ( ) 

 ( )

36%

epigallocatechin gallate (EGCG), epigallocatechin (EGC), 

epicatechin gallate (ECG)  epicatechin (EC)

 

2.  

 (Katiyar et al, 1996)

 (Katiyar et al, 1996)  (Young et al, 2002) 

(LDL)  (VLDL)  (Vinsin et al., 1995) 

(Shimizu et al, 2000)  (photooxidative) 

(Wanasundara et al., 1998)  

(–)-Epicatechin catechin (flavan-3-ol) 

 (Arts et al, 2000) EC

NF-
B DNA  (Mackenzie et 

al, 2006)  

3.  

 Caco-2 (–)-Epicatechin (+)-Catechin

(–)-Epicatechin  ( 2-9) basolateral chamber

apical chamber apical chamber basolateral chamber

MRP  (MK-571) apical chamber basolateral 

chamber control Vaidyanathan (2001) 
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MRP EC (+)-Catechin Deprez 

(2001) (+)-Catechin Caco-2 

 

 
2-9 EC Caco-2  

Figure 2-9. EC transport in Caco-2 cells in the presence of transport inhibitors. 50 

mM EC ± inhibitors were loaded on (A) the basolateral side or (B) the apical side. 

Samples were collected for analysis after 3 h. Values are mean ± SEM (n 4 5–7). (*), 

significantly lower than control (P < 0.01); (**) significantly higher than control (P < 

0.01). [Verapamil]: 50 mM, [MK-571]: 50 mM 

(Vaidyanathan et al. 2001) 
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2-10 Caco-2 PAs, ( )-catechin, and mannitol  

Figure 2-10. Apical to basolateral permeabilities through Caco-2 cell monolayers 

(empty columns) and adsorption on cells (gray columns) of PAs, ( )-catechin, and 

mannitol (means ± SD). *p, 0.05 versus permeability of PA polymers; **p, 0.005 

versus permeability of PA polymers; #p, 0.05 versus adsorption of PA polymers; ##p, 

0.005 versus adsorption of C2 trimer. 

 

(Deprez, et al.,2001) 
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 (Dimocarpus longan Lour.) 

 ( 2006)  (Ho et al., 2007)

proanthocyanidin A2 (PA2)  (-)-epicatechin (EC)  

PA2 PA2

EC PA2:EC (2:1) (1:1) (1:2)

PA2 EC  (1:3.3) ( 2006) 4

PA2 EC PA4 PA5 4 PA2 EC PA2
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Longan flower 
 

80 % Acetone extraction 
 

EA partition 
 

Column chromatography 
           (amberlite XAD-7 resin) 

                (Sephadex LH-20) 
Recrystallization 

 
Proanthocyanidin A2 

                                                                   
 

PA2  EC   EC:PA2=  EC:PA2=  EC:PA2=  EC:PA2=    PA2 isomer 
                  2:1        1:1       1:2       1:3.3 

(natural condition) 
 
 
 
 
 

 
 

Caco-2 cell monolayer       Anti-inflammation         Anti-oxidative assay 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
PA Proanthocyanidin A2 
EC (–)-Epicatechin 

Permeability 

Absorption 

 

Inhibition of LPS induced NO in Cell 

Scavenging effects on NO 

 

DPPH radical scavenging activity 

Oxygen radical absorbance capacity 

Inhibition of Cu2+-induced oxidation 

of human LDL  

Cellular antioxidant activity
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 (Dimocarpus longan Lour.) 2007 4

 

 
 

(1)  (Human colon adenocarcinoma cell line, Caco-2)

15-25  

(2) RAW 264.7  

(3)  (Hep G2, Hepatocellular carcinoma, human)

15-35  

American Type Culture Collection, ATCC (Rockville, MD, USA)  

 

 

 
( )  

1. Sigma  (St. Louis, MO, USA) 

Amnonium persulfate 99%  

2,2’-Azobis(2-methylpropio-amide) dihydrochloride (ABAP)

97%  

Bovine serum albumin 96%  

(+)-Catechin 98%  

3- (4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

98% 

2’,7’-Dichlorofluorescin diacetate (DCFH-DA) 97% 

(-)-Epicatechin 98%  



 28

Epigallocatechin gallate 98%  

Flavone 98%  

Fluorescein sodium salt (FSS) 98%  

Glycerol 99%  

Hydrocortisone solution  98%  

Lipopolysaccharide (LPS) (O26 B7) 

Sodium orthoranadate 90%  

Superoxide dismutase (SOD)  

Tween- 20 90% 

Triton X-100 90% 

2. E. Merk  (Darmstadt, Germany)  

Acrylamide 99.5% 

Copper (II) sulfate pentahydrate (CuSO4·5H2O) 99%  

Potassium chloride (KCl) 99.5%  

Sodium bicarbonate (NaHCO3) 99%  

Sodium chloride (NaCl) 99.5%  

di-Sodium hydrogen phosphate (Na2HPO4·2H2O) 99.5%  

Sodium dodecyl sulfate (SDS) 99%  

Sodium pyrophosphate (Na4P2O7) 99.5%  

3.  

Copper (II) sulfate (CuSO4 5H2O)  97.5%  (Osaka, 

Japan) 

EDTA 99.5%  (Osaka, Japan)  

EGTA 99.5%  (Osaka, Japan)  

�-glycerophospate Koch-Light Laboratories  (NY, USA)  

Glycine 99%  (Osaka, Japan)  

2-mercaptoethanol 99% Biochmical  (NY, USA)  

Naphthylethylenediamine dihydrochloride 98% Riedel de 

Haën  (Germany)  

Potassium dihydrogrn phosphate (KH2PO4) 99.7% J.T.Baker 
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(USA)  

    Sodium fluoride 99% Nihon Shiyaku  (Osaka, Japan)  

Sodium nitroprusside (SNP) (Na2[Fe(CN)5NO]) 98% Riedel de 

Haën  (Seelze, Germany)  

Sodium pyrophosphate (Na4P2O7) 98% Nacalai Tesque

 (Kyoto, Japan)  

Sulfanilamide (C6H8N2O2S) 98% Riedel de Haën  (Seelze, 

Germany)  

Tris 99.8% Amresco  (NY, USA)  

 

( )  

Acetone 95% Mallinckrodt Baker (New Jersey, USA) 

Acetic acid 99.5% Riedel de Haën  (Germany) 

Dimethyl sulfoxide (DMSO) 99% Merck  (Darmstadt, 

Germany) 

Ethyl acetate 99.5% Mallinckrodt Baker  (New Jersey, 

USA) 

Ethyl alcohol 95% Mallinckrodt Baker  (New Jersey,     

USA) 

Formic acid 99.5%  (Osaka, Japan)  

Methyl alcohol 99.8% Mallinckrodt Baker  (New Jersey, 

USA) 

Methyl alcohol, anhydrous 99.9% Mallinckrodt Baker

 (Phillipsburg, New Jersey, USA) 

Toluene 95% Mallinckrodt Baker  (New Jersey, USA) 

 

( )  

Amberlite XAD-7 resin Merck  (Darmstadt, Germany) 

Sephadex LH-20 Amersham Pharmacia Biotech AB  

(Buckinghamshire, UK) 
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TLC aluminium sheets Silica gel 60 F254 Merck  (Darmstadt, 

Germany) 

 

 

Gibico  (Grand Island, NY , USA) 

Antibiotic-antimycotic solution (AA) (cat. 15240-062) 

Dulbecco’s Modified Eagle Medium (DMEM) (cat.12800-058) 

Fetal bovine albumin (FBS) (cat.26140)  

Hank’s balabced salt solutions (HBSS) (cat.14175) 

Hepes (cat. 15630) 

L-Glutamin (cat.21051) 

MEM Non-Essential Amino Acids (NEAA) (cat.11140) 

Trypsin-EDTA (cat. 25200) 

Williams’ Medium E (WME) (cat. 12551) 

 

 

3M filter paper Whatman (Madistone, England) 

PVDF membrane (cat. IPVH00010, pore size 0.45�m) Millipore

(Billerica, Massachusetts, USA)  

Enhanced chemiluminescence reagent kit (ECL) Perkin Elmer

(Waltham, Massachusetts, USA)  

Prestained Protein Ladder (cat.SM0671) Fermentas Life Sciences (NY 

USA)  

Primary antibody  

Mouse anti-iNOS/NOS type II (cat. 610328) BD Transduction 

LaboratoriesTM (Lexington, KY,USA)  

Mouse anti-Cox-2 (cat.619203) BD Transduction LaboratoriesTM

(Lexington, KY,USA)  

Mouse anti-� actin(cat. MAB1501) Chemicon (Temecula, 

CA,USA)  

Secondary antibody  
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HRP Goat anti-Mouse IgG (cat.554002) BD PharmingenTM (CA USA)  

Fujinomiya (Shizuoka, Japan)  

 

 
( )  

 (Analytical balance) Model 1712 Sartorius  (Goettingen, 

Germany) 

 (Centrifugal vacuum concentrator) Model SCV100H, 

Savant  (Farrningdale, NY, USA)  

 (Freeze dry system with purge valve) Model SFD-25

 (Taipei, Taiwan)  

 (Multi-detection microplate reader) Synergy HT

BIO-TEC  (Atlanta, GA, USA)  

 (pH meter) Model SevenEasy Mettler Toledo  (Flawil, 

Switzerland)  

 (Shaking water) Model 905, Hotech  (Taipei, 

Taiwan)  

 (Rotary evaporator) Model RE111 Buchi  (Flawil, 

Switzerland)  

 

( )  

 (HPLC system) 

Model S5200 Schambeck SFD  (Bad Honnef, 

Germany)  

 (Column oven) Model EOC-1  (Taipei, 

Taiwan)  

 (Degasser) Model L-7610 Hitachi  (Toyko, Japan)  

 (Chromatographic pump) Model PU-2080 Jasco  (Toyko, 

Japan)  

(UV-Vis dector) Model L-7420 Hitachi  (Toyko, 
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Japan)  

 (Chromatographic data system) SISC chromatogram data 

system  (Taipei, Taiwan)  

18  (Reversed-phase column)  

Analytic column-Waters Atlantis® T3 C18 (4.6mm × 150mm, 3�m particle 

size) Waters  (Milford, Massachusetts, USA)  

Preparative column-Waters Atlantis® T3 C18 (19 × 150mm, 5�m particle 

size) Waters  (Milford, Massachusetts, USA)  

 

 (Liquid chromatography tandem mass spectrometer, 

LC-MS/MS) LXQ Linear Ion Trap Mass Spectrometer, Thermo Scientific

 (Waktham, Massachusetts, USA)  

 (Nuclear Magnetic Resonance Spectrometer) Bruker 

Avance-500MHz FT-NMR, Bruker  (Rheinstetten, Germany)  

 

( )  

 (CO2 incubator) Model 310 Thermo Forma

(Mariette, Ohio, USA)  

 (Centrifuge) Model 2100 KUBOTA  (Tokyo, Japan)  

 (Inverted Microscope) Model TE300 Nikon

(Kanagawa, Japan)  

 (Larminar flow) Model TBH-420

(Taipei,Taiwan)  

 (Manual Counter) Milky  (Taipei, Taiwan)  

 (Millicell-RES voltohmmeter) Millipore  

(Bradford, MA, USA)  

 (Multiple pipetman) Model P200. Brand  

 (Neubauer improved bright-line heamocytometer) Neubauer

 (Marienfeld, Germany)  

 (Pipetman) Model P20, P200, P1000 Gilson  
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(Middletown, WI, USA)  

 (Pipet-Aid) Model Portable XP Drummond

(Broomall, PA, USA)  

 (Dual gel caster) Model SE245 Hoefer  (CA, 

USA)  

 (mini-vertical gel electrophoresis unit) Model SE260

Hoefer  (CA, USA)  

 (Electrophoresis power supply) Model 250-90 Thermo

 (Milford, MA, USA)  

 (Tank transfer unit) Model TE22 Hoefer  (CA, 

USA)  

( )  

96 well cat.167008 Nunc  (Roskilde, Danmark)  

96 well cat.137101 Nunc  (Roskilde, Danmark)  

 (15mL 50 mL) Nunc  (Roskilde, Danmark)  

Polycarbonate membrane transwell insert cat.3401 (12 well, membrane pore 

size 0.4�m, diameter 12mm, polycarbonate membrane) Corning Costar

 (Cambridge, MA, USA)  

Nunc  (Roskilde, Danmark)  

 (0.45�m) Millipore  (Brdford, MA, USA)  

 

 

( ) Phosphate-buffer saline (PBS) 

Ingredients mM g/L 

NaCl 136.9 8.0 

KCl 2.7 0.2 

KH2PO4 1.5 0.2 

Na2HPO4·2H2O 8.0 1.43 

1L  (Whatman 

No.1) 1 PBS 121 20 min
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4  

( ) Basal DMEM (b-DMEM) 

DMEM  ( 2-8 ) 950 mL 

3.7 g/mL NaHCO3  1 N NaOH 

1 N HCl  pH 7.2 1 L Laminar 

flow 500 mL  450 mL 

4  

( ) Complete DMEM (c-DMEM) 

Laminar flow 50 mL FBS 5 mL AA 5 mL NEAA 450 mL 

b-DMEM 4  

( ) Serum free-Williams’ Medium E (sf- WME) 

500 mL WME 2 mM L-glutamin 0.22 �m

5mL Hepes SF- WME 4  

( ) Complete Williams’ Medium E (c-WME) 

SF-WME 5% FBS 0.05 �g/mL hydrocortisone 5 �g/mL insulin

1 % AA 4  

( ) MTT  

MTT PBS 1 mg/mL Laminar flow

0.22 �m 4  

( )  

(1) Gold lysis buffer ( ) 250mL 
               

20 mM Tris-HCl, pH 7.9  

10% Glycerol 

0.6057 g 

25 g 

1% Triton X-100 2.5 g 

1 mM Sodium pyrophosphate (Na4P2O7)  0.064238 g 

137 mM NaCl 2.003288 g 

5 mM EDTA  0.3653 g 
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1 mM EGTA  

10 mM NaF 

0.095088 g 

0.104975 g 

100 �M �-glycerophosphate 0.00054 g 

Gold lysis buffer 50ml   

1 mM NaVO4 1 �g/ml aprotinin 1 mM PMSF 

 
(2) Sample buffer  100  10 min    10 mL 

350 mM Tris-HCl (pH 6.8) 3.5 mL 

30 % 2-mercaptoethanol 3 mL 

12% sodium dodecyl sulfate (SDS) 1.2 g 

35% glycerol 3.5 mL 

0.02% bromophenol blue 2 mg 

 

(3) Tris-glycin electrophoresis buffer (5x SDS-PAGE running buffer)        

25 mM Tris  15.1 g 

250 mM glycine 95 g           

0.1% SDS 50 mL (10%SDS) 

in 1L ddhH2O 

(4) Transfer buffer (5x)    1L 

25 mM Tris-HCl (pH 8.9) 15g 

192 mM glycine         72g 

ddhH2O 1 L            

Transfer buffer 

stock solution 

Transfer buffer (5x) 

ddH2O 

methanol  

1 L 

3 L 

1L 

Transfer buffer 

working solution 

 



 36

(5) Blocking solution  

in 1 L PBS 

 

(6) TBST 10× 

in 1 L ddH2O 

 

TBST (1 L) 100 mL TBS 10× 900 mL ddhH2O 1 mL Tween 20 

20 mM Tris-HCl pH 7.4 0.24 g 

125 mM NaCl 0.7 g 

0.2% Tween 20 0.2 mL    

1% bovine serum albumin or 

 (4% non-fat dry milk) 

1 g 

0.1% sodium azide 0.1 g 

Tris-HCl pH 7.4 24.23 g 

NaCl 80.06 g 
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Proanthocyanidin A2 isomer  

 
( ) 80%  

 (3 kg) 10 L 80%

Whatman No.1

10 L 80% 3 TLC

 (TLC )

 (LF-A)

-20  

 

( ) 80%  

150 g 1.5 L

 (1.5 L) 

4

 (LF-A-EA) -20 

amberlite XAD-7 resin  

 

( ) Amberlite XAD-7 resin  

 (

LF-A-EA) amberlite XAD-7 resin  

1.  

 ( 4 cm 55 cm) amberlite 

XAD-7 resin 25 %

 (25% ) resin

25 % 2  

2.  

25 %  (25 g LF-A-EA 

fraction) 
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resin 25 %  

3.  

 

25 %  1 L 
40%  1 L 
55%  1.5 L 
70%  1.5 L 
100%  1 L 

Acetone:H2O 2 L 
16 mL/min

20 mL

 

4.  (Thin layer chromatography, TLC) 

amberlite XAD-7 resin

 

(1) TLC Silica gel 60 F254 

(2) Eathyl Acetate Toluene Formic acid 6 3 1 (voulmn ratio) 

(3) TLC (Anisaldehyde 

sulphuric acid reagent 0.5 mL Anisaldehyde 10 

mL 85 mL 5 mL )  

TLC  

 

( ) Sephadex LH-20  

amberlite XAD-7 resin  (LF-A-EA-XADII)

Sephadex LH-20  

1  

 ( 4 cm 55 cm) Sephadex 

LH-20

 ( ) 

2  
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2  

 (10 g LF-A-EA-XADII) 

 (1:1, v/v) 

 

3  

4 mL/min 50 mL TLC

 proanthocyanidin A2 

 

4 proanthocyanidin A2 

TLC  proanthocyanidin A2 0.15 g

1 mL 3 mL  (60 ) 

16 hr  (-80 )

20 mL

 proanthocyanidin 

A2  (HPLC)  proanthocyanidin A2  

 

( ) Proanthocyanidin A2  

37 200 mL 300 mg NaHCO3 200 mg 

proanthocyanidin A2 ( 2 mL DMSO) 37 2 hr

3  (3×200 mL) HPLC

 

 

( )  (HPLC)  

Waters Atlantis T3 (4.6 × 150 mm, 5 �m) 

A 0.5 % acetic acid    

B  

 

(min) A B 
0~6 80 % 20 % 
6~25 65 % 35 % 
25~35 5 % 95 % 
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0.8 mL/min 280 nm 20 �L  

 

( )  

HPLC proanthocyanidin A2 isomer  infusion

ESI--MS source 

voltage 4.5 kV spray current 0.03 μA sheath gas flow rate 30 arb capillary 

voltage-20V capillary temperature 200  

 

Proanthocyanidin A2 epicatechin  

 

 

( )  

DMSO  (mg/mL) stock

 ( DMSO <0.5%)  

 

( )  

24 well plate HBSS  ( DMSO

<0.05%) 37 5 % CO2

2 HPLC  

Caco-2 24 well plate c-DMEM

1 mL 1×106 cell/well 37 5% CO2

24 hr PBS HBSS  (

DMSO <0.05% ) 37 5 % CO2

2 HPLC

  

 

   
 Caco-2 cell HBSS 
 RAW 264.7 cell b-DMEM 
 Hep G2 cell sf-WME 
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( ) PA2  

24 well plate b-DMEM  ( DMSO

<0.05%) 37 5 % CO2

 

RAW 264.7 24 well plate c-DMEM

1 mL 1×106 cell/well 37 5 % CO2

24 hr PBS b-DMEM  (

DMSO <0.05%) SOD (superoxide dismutase) 10 U/mL

37 5 % CO2

 

 

( ) PA2  

 24 well plate sf-WME  ( DMSO

<0.05%) 37 5 % CO2

 

 Hep G2 24 well plate c-WME

1 mL 1×106 cell/well 37 5 % CO2

24 hr PBS sf-WME  (

DMSO <0.05%) 37 5 % CO2

 

 

Caco-2  

( )  

Caco-2 DMEM 10 % FBS 10,000 U/mL penicillin 10 mg/mL 

streptomycin 5 mg/mL amphotericin 10 cm

37 5 % CO2 4~5

 

 

( )  

5 mL PBS 1 mL 
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Trypsin-EDTA 37 5 % CO2

5 min 4 mL c-DMEM 

15 mL  (1000rpm 5 min) 3 mL 

c-DMEM 16

2 × 106 cell/plate (10cm )  

 

( ) Transwell insert  

Transwell insert 2 hr

c-DMEM 0.5 mL 1.5 mL 37 

5 % CO2 Caco-2 

0.5 mL 5 × 105 cell/cm2 c-DMEM 1.5 mL 37 

5 % CO2 2 Caco-2

2-3  

 

( )  

Caco-2 transwell insert 21

 (monolayer) Millicell-ERS (Millipore corp., Bedford, MA, USA) Caco-2 

transepithelial electrical resistance (TEER) 

37 5 % CO2 70 

% transwell insert

measure botton

TEER 350 �·cm2 (Deprez, 

et al., 2001) 

 

( ) Caco-2  

Caco-2 21 TEER 350 �·cm2

Hilger (1990) Boyer (2004)

Yi (2006) Caco-2 21 transwell 

insert PBS 3 0.5 mL (

25 mM Hepes HBSS <0.02%) 25 mM 
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Hepes HBSS 1.5mL 37 5 % CO2

0.5 % 2

HPLC  (p. 

39) (receiving side) (donor side)

 

 (Apparent Permeability coefficient Papp)  

Papp ( )
dC V
dt A C

� �
� �

  

Papp cm/s dC/dt  (�M/s) V

 (cm3) A  (cm2 1.12 

cm2) C0  (�M) (Artursson et al., 1991)  

 

( ) Caco-2  

Caco-2 Hilger  

(1990) Boyer  (2004) Yi  (2006)

HBSS 3

1 mL eppendorf 15 min  

(2000g 5 min) 1 mL 1 

min  (2000g 5 min) 2

0.5 mL HPLC

HPLC P.35  

 (%) = ( ) / (

) % 
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RAW 264.7  

 
( ) NO (Nitric oxide)  

1.  

stock (mg/mL)

 

2. NO (Nitric oxide)  

Ho (2007)  4 mL  1 

mL SNP  (25 mM sodium nitroprusside in PBS buffer)  37  

 150 min  0.3 mL  0.3 ml Griess reagent (1% sulfanilamide  

5%  0.1% naphthylethylenediamine dihydrochloride ) 

10 min  550 nm  NO

 sodium nitrite

 Griess reagent  

 

( ) LPS RAW 264.7 NO  

1.  

RAW 264.7 c-DMEM 10%  (fetal bovine 

albumin FCS) 10,000 U/mL penicillin 10 mg/mL streptomycin 0.025 mg/mL 

amphotericin 10 cm 37 5% CO2

8-9 PBS

6  

2. -MTT assay 

Mosmann (1983)

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl MTT tetrazolium salt

PBS MTT

 (succinate dehydrogenase) MTT tetrazolium ring

formazan DMSO
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MTT formazan 570 nm

 formazan

 

RAW 264.7  10 cm  

trypan blue 96 1 � 106 cell/mL 200 �L/well 

c-DMEM  24 hr  100 �L PBS 

b-DMEM  100 �L/well  24 

hr  100 �L PBS PBS

 MTT  (1 mg/mL) 100 �L 15 min MTT  

100 �L DMSO  570 nm b-DMEM

 (cell viability)  

  

 Cell viability (%) s b

c b

A A
A A
�

�
�

% 

        As A570   

        Ac A570   

        Ab A570  

3.  

DMSO stock (mg/mL) b-DMEM

 ( DMSO <0.05%)  

4. Nitrite  

iNOS Kim (1995)

RAW 264.7 6 × 10 4 cell/well 96-well 24 hr

PBS b-DMEM  

(LPS) ( 1 �g/mL) 24 hr 100 �L/well 96-well plate

1:1 (v/v) 100 �L Griess reagent 10 min ELISA reader 

550 nm

sodium nitrite b-DMEM

=(NOLPS - NOsample+LPS)/(NOLPS - 
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NOcontrol) × 100% NOLPS LPS NO NOcontrol

LPS NO NOsample+LPS LPS

NO  

 

( ) iNOS COX-2  

1.  

RAW 264.7 1×106 cell/mL 5 mL 6 cm dish 37 5% 

CO2 24 hr PBS 2 b-DMEM

5 mL ( DMSO <0.05%) 37 5% CO2

24 hr 1mL PBS 

15 mL  (3000 rpm, 10 min, 4 )

1 mL PBS 1.5 mL  (3500 

rpm, 5 min, 4 ) lysis buffer (buffer

) 1 hr 10 min vortex  (12000 rpm 30 min 4 )

-20  

2.  

2 �L 1 mL Bio-Rad protein assay dye reagent 

15 min 100 �L 96 well ELISA reader 595 nm

BSA (2mg/mL) 40 �g 

1.5 mL -20  
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3.  

(1)   

acrylamide mix (total 40% ,cross-linking 3.3 %)   
acrylamide 38.68 g 
Bis (N,N’-methylene-bis(acrylamide) 1.32 g 

 100 mL 
 

Resolving Gel for Tris-glycine SDS-Polyacrylamide Gel Electrophoresis  
(15 mL) 

Components/gel vol. 10 %  
7.15 H2O 

40% acrylamide mix 3.75 
1.5M Tris (pH 8.8) 3.8 
10% SDS 0.15 
10% APS 0.15 
TEMED 0.006 

 
5% Stacking Gels for Tris-glycine SDS-Polyacrylamide Gel Electrophoresis  

 

 

 

 

 

 

(2)  

40 �g

5 SDS protein sample buffer 100  10 min

well 150 V 40 mA

 

(3)  

PVDF membrane (PVDF membrane min

) 3M paper PVDF membrane SDS-PAGE gel 3M paper

4

400 mA 2 min  

(4)  

PVDF membrane blocking solution

Components/gel vol. 5 mL  
H2O 3.6  
40% acrylamide mix 0.63  
1.5M Tris (pH 6.8) 0.63  
10%SDS 0.05  
10% (APS)  0.05 ! 
TEMED 0.005  
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1 hr PVDF membrane membrane

4 12 hr TPBS 3 10 min

1 hr

TPBS 3 10 min

horse-radish peroxidase Enhanced- chemiluminescence (ECL)

ECL 1:1 (v/v) PVDF ECL

5 min Kodak 

BioMax light film  

 
 

 
( ) LDL  

LDL 

 Puhl (1994) 

 (overnight fasting) 37  1.5 

hr 4  1 hr 4   1370×g 15 min

(145 mM= 1.006 

g/ mL)  4  208,592×g 16 hr 10  mL

VLDL+HDL  (< 1.019 g/ mL)  NaBr

 (1.22 g/ mL) 1.063 g/ mL 4 

208,592 ×g 20 hr 6  mL LDL  (1.019-1.063 

g/ mL) LDL 4 

1  

LDL  

LDL

 (125 mM NaCl, 5 mM phosphate, pH 7.4)

LDL 100 4 2.5 hr 5.5 hr

8.5 hr 16-24 hr  

  

LDL  (enzymatic CHOD-PAP method)
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cholesterol enzymatic  (200 mg/dL) 

0 5 10 20 25 μL 1  mL  ( cholesterol kit

) 10 min 500 nm

LDL 10 μL 1  mL 500 nm

LDL

LDL

LDL  

LDL  

96  130 �L PBS buffer 10 �L  

10%  2.5  5 ppm) 100 �L LDL (  PBS  150 �g/  mL

)  10 �L  (  125 

�M)  234 nm  15 min  30�C  14 hr

 Trolox (  10 % 1 0.5 ppm)

LDL  

 

( ) DPPH  

DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate) 

DPPH 520 nm

DPPH 520 nm

DPPH

Shimada (1992) Espin (2000) 96 well plate 50 �L

 (catechin) 250 �L 75 

mM DPPH 90 min 520 nm

DPPH

 

Scavenging effect (%) ( )Ab A As
Ab

� �
� % 

50% 

EC50  
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( )  (Oxygen radical absorbance capacity, ORAC) 

Prior  (2003) 200 �L 50 �L

75 mM  (K2HPO4-KH2PO4) 0.5 �g/ mL 192 nM 

fluorescein 16 mM AAPH 75 mM  (K2HPO4-KH2PO4) 

 75 mM  K2HPO4  KH2PO4  76 51 (v/v) 

 pH 7.0 AAPH  (fluorescein) 

 1%  200 �L 

 (excitation wavelength, EX)  485 nm  

(emission wavelength, EM)  528 nm 5 min 180 min Fluorescein

 (relative 

fluorescence intensity)  

(AUC) AUC  (net AUC)

Trolox net AUC net AUC

Trolox  

AUC=(0.5+ f5/f4 + f6/f 5+…+ fi/f4)×CT 

AUC area under the curve 

f4=initial fluorescence reading at cycle 

fi=fluorescence reading at cycle i 

CT cycle time in minutes 

Net AUC=AUCsample-AUCblank 

 

( )  (Cellular Antioxidant Avtivity (CAA) assay) 

1. Hep G2  

Hep G2 c-WME medium 10 cm

37 5% CO2 4~5

 

2.  

5 mL PBS 1 mL 

Trypsin-EDTA 37 5% CO2
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5 min 4 mL c-WME medium 

15 mL  (1000 rpm 5 min)

3  mL c-WME medium 16

2 × 106 cell/plate (10 cm ) 

 

3.  (Cellular Antioxidant Activity (CAA) assay) 

Wolfe Hep G2 96 well plate (2 � 

104 cell/well 100 �L/well c-WME) 37 5% CO2

24 hr PBS  sf-WME 2.5 mM 

DCFH-DA 10 unit/mL SOD (superoxide dismutase) 

antioxidant treatment medium ( <0.05%)

antioxidant treatment medium 96 well plate

100 �L/well 37 5% CO2 1 hr

antioxidant treatment medium 40 mM ABAP ( HBSS )

37  (EX)  485 nm  (EM)  528 nm

5 min 1 hr

 (AUC) AUC  

(net AUC) net AUC net AUC  

CAA unit=100-(�SA/�CA)×100 

�SA  

�CA  

fa  CAA unit 

fu  1 � CAA unit 

f(x)  fa/ fu  

EC50  50%  

 

 

 ±  (Mean ± SD)  

SAS 9.1 (Statistical analysis system)  (one way 
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ANOVA)  (Duncan’s new multiple range test) 

p-value 0.05  
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Proanthocyanidin A2 isomer  

 
( ) 80%

37.42 % 40.11 % ( 2005 2006)

80% 

51.56 % 80 %

36 % (LF-A)

 

 

( ) 80 %  

Liquid-liquid partition 

5-1

(LF-A-W) 56.73 % 80 % 

 (LF-A-EA) 30.76 % partition

10.45 %

PA 2 EA EA

(LF-A-EA)  

 

( ) amberlite XAD-7 resin  

 (LF-A-EA) 

amberlite XAD-7 resin

 (H) (M)  (TLC) 

3

5-2 TLC  ( 5-1) 

PA2 H:M (45:55) ~ (30:70) PA2
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 (LF-A-EA-XADII) 50.19%  

 

( ) LF-A-EA-XADII Sephadex LH-20  

LF-A-EA-XADII PA2 Sephadex LH-20

 (TLC) 

6

5-3 TLC 5-2 1900 mL PA2

PA2  (LF-A-EA-XADII-LHB, C, D, E) 30.54 %

PA2 HPLC MS PA2

HPLC 5-3 (c) MS/MS 5-4 575 (M-1) 449 (M-2) 423 

(M-3) 285 (M-4) LF-A-EA-XADII-LHB, C, D, E 26% 

PA2 PA2 1.2 mg  

  

5-1 80% EA  

Table 5-1. The yield of EA partition of longan flower 80% acetone extract. 

 Ethyl acetate 

fraction 

Water 

fraction 

Emulsion Total 

80% acetone extract 30.76% 56.73% 10.45% 97.94% 
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5-2 amberlite XAD-7 resin

 

Table 5-2. The yield rate of different sub-fractions from LF-A-EA after amberlite 

XAD-7 resin column chromatography. 

Fraction H2O:MeOH Volume (mL) Yield (%) 

75 25 1000   (no.1) 

60 40 1000   (no.2) I 

45 55 300    (no.3~5) 

28.11% 

45 55 1200   (no.6~13) 
II 

30 70 1150   (no.14~20)
50.19% 

30 70 450    (no.21) 
III 

  0 100 1000    
18.60% 

Total   96.90% 

 

 
5-1 amberlite XAD-7 resin

1 

Figure 5-1. Thin layer chromatogram of different sub-fractions from LF-A-EA after 

amberlite XAD-7 resin column chromatography, 
1TLC condition listed in materials and methods (p.38) 

EC 
PA2 
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5-3 LF-A-EA-XAD-II Sephadex LH-20

 

Table 5-3. The yield rate of different sub-fractions from LF-A-EA-XAD-II after 

Sephadex LH-20 column chromatography. 

Fraction Volume (mL) Yield (%) 

A 1900  (no.1~9) 19.6 

B,E 150   (no.10,21,22) 2.27 

C 200   (no.11~14) 4.67 

D 300   (no.15~20) 23.6 

F (no.23~) 58.7 

total  87.6 

 

5-2 amberlite XAD-7 resin-II LH-20
1 

Figure 5-2. Thin layer chromatogram of different sub-fractions from 

LF-A-EA-XAD-II after Sephadex LH-20 column chromatography, 

1TLC condition listed in materials and methods (p.38) 

EC 
PA2 
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( ) Proanthocyanidin A2  

PA2 HPLC PA2

3 retention time (R.T.) Peak 2 (R.T.=18.5 min) PA2

Peak 1 (R.T.=13 min) PA5 (R.T.=20 min) 

HPLC  ( 5-3) MS/MS

5-4; 5-5 ; 5-6 peak 1 peak 3 PA2

 (575 (M-1) 449 (M-2) 423 (M-3) 285 (M-4)) PA2

peak 1 peak 3 NMR

1~12  (H�mmer, et al., 2008) peak 1 PA4 

epicatechin-(4��8;2��O�7)-ent-catechin peak 3  

epicatechin-(4��6;2��O�7)-ent-catechin ( PA5 ) 5-7  

(PA4 PA5  Dr. A. Kumaran ) 
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5-3 PA4 PA2 PA5  

Figure 5-3. HPLC chromatogram of PA4, PA2, PA5 

(a) PA2 (1 mM) HBSS 2 hr 

(b) PA4 

(c) PA2 

(d) PA5 
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5-4 Proanthocyanidin A2  (ESI--MS/MS) 

Figure 5-4. ESI—MS/MS spectrum of proanthocyanidin A2 
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5-5 PA4  (ESI--MS/MS) 
Figure 5-5. ESI--MS/MS spectrum of PA4 

PA17_090119152058 #308 RT: 0.90 AV: 1 NL: 5.99E3
T: ITMS - c ESI Full ms [155.00-1500.00]
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5-6 PA5  (ESI--MS/MS) 
Figure 5-6. ESI--MS/MS spectrum of PA5 
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a.                                        b. 

 

 

 

 

 

 

 

 

 

 

 

c. 

 

 

 

 

 

 

 

 

 

 

Formula: C30H24O12 

Molecular weight=576 

 

5-7 PA2  

Figure 5-7. PA2 and its isomers  

a. Proanthocyanidin A4 (epicatechin-(4��8;2��O�7)-ent-catechin 

b. PA5 (epicatechin-(4��6;2��O�7)-ent-catechin)

c. PA2 (epicatechin-(4��8;2��O�7)- epicatechin) 
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Proanthocyanidin A2 Epicatechin  

PA2 (1mM) HBSS ( ) 2 hr

HPLC PA2

MS/MS NMR PA2  (PA4 PA5)(

5-7) PA2

 

 

( ) PA2  

Caco-2 

HBSS PA2 HBSS PA4 PA5 5-8(a)

PA2 50 �g/mL HBSS PA2

PA4 PA5  7 hr PA4 HBSS PA2

PA4 24 hr 60% PA5

24 hr PA5 PA2 PA4

10% 5-8(b) PA2 576 �g/mL 

(1 mM) HBSS PA2

576 �g/mL 50 �g/ mL PA2 PA4

PA5  30 min PA4 HBSS PA2

PA4 1hr PA4 8 

hr  PA4 30% PA5

3.3 hr PA5 HBSS PA4 8 

hr  PA5 55 %  
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(a)                      

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 5-8 PA2 HBSS PA2 PA4 PA5  

Figure 5-8. The conversion of PA2 into its isomers in HBSS with various 

concentration at different time point. 

(a) PA2 50 �g/mL 

(b) PA2  (1mM) 576 �g/mL 
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PA2 HBSS Caco-2

5-9 PA2 50 �g/mL HBSS Caco-2 PA2

PA4 PA5  12.5 hr PA4 HBSS

PA2 PA4 30 hr 60% PA5

30 hr  PA5 PA2

PA4 5%  

 

(a)  

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

5-9 PA2 (50 �g/mL) HBSS Caco-2 cell PA2 PA4 PA5

 

Figure 5-9. The conversion of PA2 (50 �g/mL) into its isomers in HBSS with Caco-2 

cell at different time point. 
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    PA2 EC (2:1) (1:1) (1:2) 

PA2 EC  (2:1) (1:1) (1:2) HBSS Caco-2

5-10 PA2 EC  (2:1) (1:1) (1:2) 

HBSS Caco-2 PA2

PA4 PA2:EC

3 hr P A2:EC (2:1) PA4 34% PA2:EC (1:1) 

PA4 26% PA2:EC (1:2) PA4 13% EC

3 hr  
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(a) 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

(c) 

 

 

 

 

 

 

 

 

 

5-10 PA2, EC Caco-2 HBSS EC, PA2 PA4

 

Figure 5-10. The conversion of PA2 into its isomers in HBSS with Caco-2 cell at 

different ratio of PA2 and EC mixture by time. 

(a) PA2:EC (2:1) (400 �M:200 �M)  

(b) PA2:EC (1:1) (200 �M:200 �M) 

(c) PA2:EC (1:2) (200 �M:400 �M) 
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( ) PA2  

RAW 264.7

b-DMEM PA2 b-DMEM PA2 PA4 PA5

5-11(a) PA2 50 �g/mL b-DMEM

PA2 PA4 PA5 25 min PA4

PA2 PA4 30 min PA4

48 hr PA5

55 min PA5 PA4 48 hr

5-11(b) PA2 250 �g/mL b-DMEM PA2

PA4 PA5 17 min PA4 PA2 PA4

20 min PA4 1hr

10% 48 hr PA5

25 min PA5 PA4

1 hr 90% 48 hr  
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(a)  

 

 

 

 

 

 

 

(b) 

5-11 PA2 b-DMEM PA2 PA4 PA5

 

Figure 5-11. The conversion of PA2 into its isomers in b-DMEM with various 

concentration at different time point. 

(a) PA2 50 �g/mL 

(b) PA2 250 �g/mL 
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PA2 RAW 264.7 5-12 

PA2 50 �g/mL b-DMEM RAW 264.7

PA2 PA4 PA5 35 min PA4

PA2 PA4 1 hr PA4

48 hr 30 % 48 hr PA5

6 hr PA4

8 hr 60% 48 

hr  

(a) 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

5-12 PA2 (50 �g/mL) b-DMEM RAW 264.7 PA2 PA4

PA5  

Figure 5-12. The conversion of PA2 (50 �g/mL) into its isomers in b-DMEM with RAW 

264.7 cell at different time point. 
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PA2 LPS RAW 264.7 NO

PA2 b-DMEM LPS RAW 264.7

5-13 PA2 50 �g/mL b-DMEM

LPS RAW 264.7 PA2 PA4

LPS 20 min PA4 PA2

PA4 2 hr PA4 8 hr

20% 30 hr PA5

4 hr b-DMEM PA4

8 hr 65% 30 hr  

(a)                    

         

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

5-13 PA2 (50 �g/mL) b-DMEM RAW 264.7 LPS

PA4, PA2 PA5  

Figure 5-13. The conversion of PA2 (50 �g/mL) into its isomers in b-DMEM with 

RAW 264.7 cell containing LPS at different time point. 
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 EC PA2:EC (2:1) (1:1) (1:2) 

5-4 EC PA2 PA2:EC (2:1) (1:1) (1:2) 

b-DMEM RAW 264.7 SOD (superoxide dismutase)

24 hr PA2 EC b-DMEM PA2

PA4 PA5 PA2 EC

catechin 40~60% catechin b-DMEM RAW 

264.7 PA2 PA4 PA5 PA2

10~20% EC catechin catechin 30~40%  

SOD Sang

 (2005) SOD

b-DMEM RAW 264.7 SOD

24 hr PA2 EC SOD PA2 EC

PA2 EC isomer  
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( ) PA2  

Hep G2 sf-WME

PA2 sf-WME PA4 PA5 5-14 PA2

50 �g/mL sf-WME PA2 PA4

PA5  72 min PA4 sf-WME PA2

PA4 4 hr PA4 24 

hr 30 % 30 hr PA5

16 hr PA5 PA4

24 hr 55 % 30 hr  

 

 

 

 

 

 

 

 

 

 

 

 

 

5-14 PA2 (50 �g/mL) sf-WME PA2 PA4 PA5

 

Figure 5-14. The conversion of PA2 (50 �g/mL) into its isomers in sf-WME at 

different time point. 
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    PA2 sf-WME Hep G2

5-15(a) PA2 50 �g/mL sf-WME Hep G2

PA2 PA4 PA5  95 min PA4

sf-WME PA2 PA4 4 hr

PA4 30 hr PA4 35% PA5

22 hr PA5 PA4

30 hr 50 %  

5-15 (b) PA2 173 �g/mL (300�M) sf-WME Hep G2

PA2

50 �g/ mL PA2 PA4 PA5

88 min PA4 sf-WME PA2 PA4

2 hr PA4 24 hr  PA4

40% PA5 22.5 hr PA5

b-WME PA4 24 hr  PA5

45 %  
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(a)   

 

  

 

 

 

 

 

(b)   

 

 

 

 

 

 

 

 

 

 

5-15 PA2 sf-WME Hep G2 PA2 PA4

PA5  

Figure 5-15. The conversion of PA2 into its isomers in sf-WME with Hep G2 cell 

under various concentrations by time. 

(a)  PA2 50 �g/mL 

(b)  PA2 173 �g/mL (300 �M) 
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1. PA2 PA4 PA5  

2. PA4 PA5 PA4  

3. PA5 PA4  

4. PA2 24 hr PA2 PA4 PA5  

5-5 NaHCO3

PA2 PA4 PA5

NaHCO3  (b-DMEM>sf-WME>HBSS) PA2 PA4 PA5 

(isomer b-DMEM>sf-WME>HBSS) PA2

PA4 PA5 PA2 PA4

PA5 PA4 PA5
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Caco-2  

 (2006) PA2 EC

 

PA2  (PA4 PA5) PA2

EC PA2:EC (2:1) (1:1) (1:2)  (1:3.3) (

PA2 EC ) ( 2006) 4 PA2 EC

PA4 PA5 4 PA2 EC PA2

 

( ) Caco-2 -MTT assay 

Caco-2 Caco-2 cell

5-16  

Caco-2

5-17 100~400 �M PA2

Deprez (2003) 500~1000 �M

0.05% DMSO 80%

Caco-2  
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High density (200X)                     Low density (200X) 

5-16 Caco-2  

Figure 5-16. Microscopic morphology of Caco-2 cell line 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-17 Caco-2  

Figure 5-17. Toxicity of different samples on Caco-2 cell.
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( ) Caco-2  

Caco-2 

Caco-2 c-DMEM 10% FBS 10,000 U/mL penicillin 10 mg/mL 

streptomycin 0.025 mg/mL amphotericin 10 cm

37 5 % CO2 2 4~5

 

 Trans-well

0.4 μm  (polycarbonate)

12 well

Hilger

(1990) Yi (2006) Boyer (2004) 25-35

5 × 105 cells/ mL 21 Deprez

(2003) TEER (Transepithelial Electric Resistance)

trans-well TEER 350�·cm2  

 Caco-2 5 × 105 cells/ cm2 insert  (apical side)

 (basolateral side) c-DMEM 37 5 % CO2

2

Caco-2 transepithelial electrical resistance (TEER) 

TEER

TEER 100� 21 350 

�·cm2

tight junction  

 TEER 350 �·cm2

(c-DMEM) PBS 2 PA2 HBSS ( 25mM Hepes) 

1mM 0.5mL 1.5mL HBSS ( 25mM Hepes)

37 5 % CO2

HPLC Caco-2  
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PA2 EC PA4 PA5 flavon (

250 �g/mL) 25~1000 �g/mL HPLC

5-6 S/N (signal/ 

noise) >7 HPLC  

 

5-6 PA2 EC PA4 PA5  

Table 5-6. The standard curve of PA2 EC PA4 PA5 

Sample Standard curve r2 

PA2 y=0.0019x-0.0263 0.9861 

EC y=0.0011x-0.0061 0.9955 

PA4 y=0.0017x-0.0089 0.9963 

PA5 y = 0.0014x - 0.0013 0.9984 
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1. Caco-2 EC  

5-7 EC transwell 2 hr Caco-2 

5-19 HPLC

EC 2 hr EC

EC 2 hr 0.95% EC

 (Apparent Permeability coefficient Papp) 0.62 ± 0.11×10-6 

cm/s Vaidyanathan (2001) Papp = 0.65 ± 0.1×10-6 cm/s

Vaidyanathan (2001) Caco-2 EC

 (MRP Multiple drug resistant protein) MRP

EC Caco-2  ( 2-7)  

EC 2 hr

1~2% EC

EC EC
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5-7  EC Caco-2 2hr

 

Table 5-7. Distribution of EC in apical side, cell monolayer and basolateral side after 

2hr transport experiment in Caco-2 cell monolayer modal. 

AP�BL: apical to basolateral transport; BL�AP: basolateral to apical transport. 
Data expressed as mean±SD (n=3, at each point) 

 
5-18 EC Caco-2 2 hr HPLC

  

Figure 5-18. HPLC chromatogram of EC in apical side, cell monolayer and 

basolateral side after 2 hr transport experiment in Caco-2 cell monolayer modal.  

Peak 1:EC 

I.S.: Internal standard 
A: apical side 
M: cell monolayer  
B: basolateral side 

 �g 
(%) Apical  Cell  

monolayer Basolateral Total Papp*10-6

(cm/sec) 
A-B 

(7.26�g)
5.42±0.05 

(74.68) 
 0.14±0.02 

(1.96) 
0.00 
(0) 

5.56±0.07 
(76.64) _ EC 

50�M B-A 
(21.8�g)

0.07±0.5 
(0.95) 

 0.10±0.07 
(0.92) 

6.60±0.69 
(91.49) 

6.77±0.48 
(93.36) 0.62±0.11 

(( )) ((( )))
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2 Caco-2 PA2  

5-8 PA2 (1 mM) Caco-2 

5-19 HPLC 10 min

4 % PA2 PA4

PA2 PA4 3 hr 7 %

PA2 PA4 10 min 0.79 % PA2

30 min 0.64% PA2

0.14 % PA2 PA4 PA2

0.4-0.8% Caco-2

PA2 PA2 1 

hr 4.6% PA2 Caco-2

0.95 % PA2 PA4 PA2

3 hr 12% PA2  

PA2  (Papp) 4.72 ± 0.42×10-6 cm/s Yee  (1997) 

Papp 3 × 10-6 cm/s

PA2
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5-19 PA2 Caco-2 

HPLC .  

Figure 5-19. HPLC chromatogram of permeability of PA2 through Caco-2 cell 

monolayer at different time points. 

Peak 1: PA4 ; Peak 2: PA2 
I.S.: Internal standard 
A: apical side 
M:cell monolayer 
B: basolateral side 
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3. Caco-2 PA4  

5-9 PA4 (200μM) Caco-2 

5-20 HPLC 30min

6% PA4

PA4 6~8%

Caco-2 PA4

30 min 3% PA4

PA4

3hr PA4

 

PA4  (Papp) 11.45 ± 5.02 ×10-6 cm/s PA2 

(4.72 ± 0.42×10-6cm/s) Deprez (2001)  ( 5-21) catechin

EC Caco-2 PA4 catechin EC

PA4 catechin PA4  
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5-9 PA4 Caco-2

 

Table 5-9. Distribution of PA4 in apical side, monolayer side and basolateral side at 

different time point after transport experiment in Caco-2 cell monolayer model 

Apical Cell embrane Basolateral Total     �g/ml ± SD 
(%) 

Time PA4 PA4 PA4  

200   200 0 min 
(100)   (100) 

221.3±12.23 12.14±1.61** 6.73±0.44** 240.18±13.60 
30 min 

(110.65±6.11) (6.07±0.80) (3.37±0.22) (120.09±6.80) 
194.29±11.99 13.66±2.43** 12.99±7.07** 220.94±10.79 

1 h 
(97.14±5.99) (6.83±1.22) (6.49±3.54) (110.47±5.39) 
159.25±3.18 13.10±3.10** 25.61±7.77** 197.95±8.51 

2 h 
(79.62±1.59) (6.55±1.55) (12.80±3.89) (98.98±4.26) 
66.45±19.09 16.34±3.09** 65.45±15.71** 148.2±18.75 

3 h 
(33.22±9.54) (8.17±1.54) (36.13±10.99) (77.52±8.62) 

Data expressed as mean± SD (n=3, at each point) 
* p-value <0.05 ** p-value <0.01 compared to 0 min by Student’s t-test. 
Papp*10-6 = 11.45 ± 5.02 (cm/s)  
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5-20 PA4 Caco-2 

HPLC . Peak 1: PA4 

Figure 5-20. HPLC chromatogram of permeability of PA4 through Caco-2 cell 

monolayer at different time points. Peak 1: PA4 

I.S.: Internal standard 
A: apical side 
M: cell monolayer   
B: basolateral side 
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4 Caco-2 PA5  

5-10 PA5 (200 μM) Caco-2 

5-21 HPLC 30 min

2% PA5

PA5

2% 30 min 1.5% PA5

PA5

3 hr 6 % PA5  

PA5  (Papp) 2.51 ± 0.21×10-6cm/s PA2 

(Papp =4.72 ± 0.42 × 10-6 cm/s) PA4 (Papp = 11.4 ± 5.02×10-6 cm/s) 

Deprez  (2001) catechin epicatechin Caco-2

PA5 catechin epicatechin PA4
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5-10 PA5 Caco-2

 

Table 5-10. Distribution of PA5 in apical side, monolayer side and basolateral side at 

different time point after transport experiment in Caco-2 cell monolayer model

Apical Cell 
monolayer Basolateral Total  �g/ml ± SD 

(%)
Time PA5 PA5 PA5  

200   200 0 
(100)   (100) 

175.22±16.93 4.01±0.49** 3.30±0.83** 182.58±17.45 
(( ) ( )

30 min 
(87.61±8.46) (2.03±0.24) (1.65±0.41) (91.29±8.73) 
148.17±5.78 4.20±0.54** 12.15±1.02** 164.52±6.83 

3 h 
(74.09±2.89) (2.10±0.27) (6.07±0.51) (82.26±3.41) 

Data expressed as mean ± SD (n=3, at each point) 
* p-value <0.05 ** p-value <0.01 compared to 0 min by Student’s t-test. 
Papp = 2.51 ± 0.21 10-6 (cm/s) 

 

 
5-21 PA5 Caco-2 

HPLC .  

Table 5-21. HPLC chromatogram of PA5 in apical side, monolayer side and 

basolateral side at different time point after transport experiment in Caco-2 cell 

monolayer model.  

Peak 1: PA5 
I.S.: Internal standard 
A: apical side 
M cell monolayer 
B: basolateral side 
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5 Caco-2 PA2:EC(2:1) (1:1) (1:2) (1:3.3)  

5-11 PA2:EC (2:1) (1:1) (1:2) (1:3.3) Caco-2 

2 hr 5-22 HPLC

25 % PA2 PA4

0.02~0.1 % PA2 PA4 EC

2.5%PA2

EC

 

PA2 EC  (Papp) EC PA2 (1:2) 1.42 ± 0.01 

×10-6 cm/s EC PA2 (1:1) 1.29 ± 0.66 × 10-6 cm/s EC PA2 (2:1) 1.52 ± 0.31× 

10-6 cm/s EC:PA2 (3.3:1) = 1.63 ± 0.02 × 10-6 cm/s PA2 (Papp 

=4.72±0.42×10-6cm/s) EC Caco-2 PA2

PA2 EC PA2  
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( ) NO (Nitric oxide)  

LPS RAW 264.7 NO

RAW 264.7 NO

NO LPS RAW 264.7 NO

RAW 264.7 NO SNP (sodium 

nitroprusside) NO

150 min Griess reagent 550 

nm

SNP NO 50%

NO  

NO 5-23 5-12

EGCG NO EC50 32.6 �g/mL Ho (2007) EC50

29.6± 6 �g/mL EC NO EC50

51.1 ± 9.7 �g/mL PA2 isomer NO PA5

NO EC50 159.2 ± 28.4 �g/ mL PA2 PA4 NO

200 �g/ mL NO PA2 EC

EC NO
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5-23 NO  

Figure 5-23. NO scavenging effects of different samples. 

 

5-12 SNP NO EC50 

Table 5-12. EC50 of different samples scavenging NO production by SNP. 

EC50 

 �g/mL �M 

EGCG 32.6±6d  

PA2 >200 >347.2 

PA4 >200 >347.2 

PA5 159.2±28.4a 276.4 

EC 51.1±9.7cd 175.7 

PA2:EC(2:1) 100.6±3.4b PA2 116.4, EC 115.5 

PA2:EC(1:1) 87.1±9.9b PA2 75.6, EC 150 

PA2:EC(1:2) 64.5±3.4c PA2 37.3, EC 148.1 

PA2:EC(1:3.3) 59.1±5.3c PA2 23.9, EC 156.2.1 

Each value represents mean ± SD from three different experiments (each experiment 
was conducted in triplicate).  
Data in the same column with different letters are significantly different at p<0.05. 
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( ). LPS RAW 264.7 NO  

 
1 RAW 264.7 -MTT assay 

5-24 RAW 264.7 10 cm

RAW 264.7 

3.125~100 �g/mL 0.05 % DMSO 5-25

100 �g/mL

RAW 264.7  
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100X 

200X 

5-24 RAW264.7  

Figure 5-24. Microscopic morphology of RAW264.7 macrophage cell line 

 

5-25 RAW 264.7  

Figure 5-25. Toxicity of different samples on RAW 264.7 macrophage cell. 

effects of different samples on RAW 264.7 cell viability
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2 LPS RAW 264.7 NO  

 NO nitrite nitrate

RAW 264.7 LPS 24 hr

LPS NO Griess reagent

550 nm 5-26  ( LPS) 

 ( 1 �g/mL LPS) 

11  

 RAW 264.7 LPS (1 �g/ mL) 24 hr

resveratrol EC50 5.8 �M

Cho (2002)  (17 �M) RAW 264.7

NO NO 5-13

PA2 EC50

39.1 �M PA4 PA5 PA2 isomer EC50 76.0 �M 52.1 �M

PA2 EC PA4 PA5 EC50

58.2 �M 4 p<0.05 PA2 EC

EC Caco-2 cell

EC  
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                                 + LPS 

5-26 LPS RAW 264.7 NO  

Figure 5-26. Effect of different samples on LPS- induced NO production in RAW 

264.7 macrophage. 

 

5-13 LPS RAW 264.7 NO EC50 

Table 5-13. EC50 of different samples in inhibition of LPS- induced NO production in 

RAW 264.7 macrophage. 

NO inhibition ability EC50 
 μM  �g/mL 
Resveratrol 5.8 1.33 ± 0.25g 
PA2 39.1 22.5 ± 1.56cd 
PA4 76 43.8 ± 6.87a 
PA5 52.1 30.3 ± 3.2b 
EC 58.2 16.9 ± 2.43f 
PA2:EC=2:1 PA2 20.8; EC 20.7 18.1 ± 1.34f 
PA2:EC=1:1 PA2 16.4; EC 32.6 18.9 ± 3.6ef 
PA2:EC=1:2 PA2 12.2; EC 48.2 21.04 ± 2.31de 
PA2:EC=1:3.3 PA2 10.5; EC 68.9 26.37 ± 4.67c 
Each value represents mean ± SD from three different experiments (each experiment 
was conducted in triplicate).  
Data in the same column with different letters are significantly different at p<0.05. 
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( ) . iNOS COX-2  

LPS RAW 264.7 iNOS COX-2

NO

 (LPS) RAW 

264.7 NO  

Western boltting  ( 5-27) LPS 24 hr iNOS

COX-2 LPS iNOS COX-2

PA2  ( PA2 100 μg/mL LPS 1 μg/mL) 

iNOS COX-2 PA2 iNOS COX-2

EC  ( EC 100 μg/mL LPS 1 

μg/mL) iNOS COX-2 PA2 EC

PA2 iNOS COX-2 EC

 

 

 

 

 

 

 

 

 

 

 

5-27 PA2 EC LPS RAW 264.7 iNOS COX-2

 

Figure 5-27. Effects of PA2 and EC on LPS-induced iNOS and COX-2 protein 

expression in RAW 264.7 cells. 

LPS 1 μg/mL 
PA2 100 μg/mL 
EC 100 μg/mL 



 103

 

( ) DPPH  

DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate )

520 nm DPPH

520 nm

DPPH

DPPH DPPH 

50%  

DPPH 5-28 5-14

catechin DPPH EC50 3.3 ± 0.14 �g/mL

 (2006) catechin EC50 3.07 ± 0.37 �g/mL EC50 (�g/mL) 

(Mole ratio) PA2  (EC50 6.85 �M)

EC (EC50 8.9 �M) PA2 isomer PA4 (EC50 9.9 �M) PA5 (EC50 9.2 �M) 

2 isomer DPPH p<0.05

PA2 EC EC

p<0.05  
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( )  (Oxygen radical absorbance capacity, ORAC) 

ORAC assay ORAC

 (Prior, et al.,2000)  

ORAC fluorescein (FL) probe AAPH

FL

 (Prior, et al.,2000)

FL Trolox

5-29 Trolox

net AUC Trolox net AUC

 net AUC ORAC ORAC

1 mg/mL mM Trolox equivalent

 

ORAC 5-30

 (2006) ascorbic acid ORAC Trolox equivalent 2.71 

± 0.22 mM 2.43 ± 0.23 mM PA4

Trolox equivalent 24.54 ± 0.56 mM EC Trolox 

equivalent 18.76 ± 0.22 mM PA2 PA5

Trolox equivalent 16.9 ± 1.00 mM 16.51 ± 0.76 mM PA4

EC p<0.05 PA2 EC EC

PA2:EC (1:2)  (1:3.3) 

PA2:EC (2:1) (1:1) p<0.05
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5-29 Trolox ORAC  

Figure 5-29. The changes of relative fluorescence intensity of Trolox with time in the 

ORAC assay and standard curve of Trolox
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( ) LDL  

5-31 LDL

LDL (Tlag) 61 ± 7.5 min

Trolox (0.5 �g/mL) Trolox

5-14 �Tlag PA5

trolox LDL PA5 (Tlag 182 ± 38.77 

min) LDL Trolox (Tlag 224 ± 16.3 min) 

p<0.05 PA2 PA4 EC LDL  (Tlag

351 ± 43.45 min 327 ± 55.16 min 376 ± 64.10 min) 

Trolox p<0.05 PA2 EC

LDL Trolox p<0.05

PA2:EC(1:2) LDL EC

PA2 EC PA2
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( )  

 

Wolfe (2007) 

 (Wolfe and Liu, 2007)

Wolfe (2007) Hep G2

 

 Hep G2 (Hepatocellular carcinoma, human) 15

Hep G2

(hepatoblastoma) 5-32  

1 -MTT assay 

 Hep G2

5-33 12,5~300 μM 0.5% 

DMSO 300 μM

Hep G2  
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 High density (100X)                 Low density (100X) 

5-32 Hep G2  

Figure 5-32. Microscopic morphology of Hep G2 cell line. 

 

5-33 Hep G2  

Figure 5-33. Toxicity of different samples on Hep G2 cell  

Effect of dif ferent sample on Hep G2 viability
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2  (Cellular Antioxidant Activity (CAA) assay) 

 5-34

 (DCFH-DA 2’,7’-Dichlorofluorescin diacetate) 

1 hr

DCFH-DA

diacetate DCFH

ABAP ABAP

DCFH DCF

DCHF

DCF

 (Wolfe and Liu, 2007)   
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5-34  

Figure 5-34. Method and proposed principle of the cellular antioxidant activity (CAA) 

assay. Cells were pretreated with antioxidant compounds and DCFH-DA. The 

antioxidants bound to the cell membrane and/or passed through the membrane to enter 

the cell. DCFH-DA diffused into the cell where cellular esterases cleaved the diacetate 

moiety to form the more polar DCFH, which was trapped within the cell. Cells were 

treated with ABAP, which was able to diffuse into cells. ABAP spontaneously 

decomposed to form peroxyl radicals. These peroxyl radicals attacked the cell 

membrane to produce more radicals and oxidized the intracellular DCFH to the 

�uorescent DCF. Antioxidants prevented oxidation of DCFH and membrane lipids 

and reduced the formation of DCF.  

(Wolfe and Liu, 2007) 
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 1 hr

5-35

 (CAA unit=100-(�SA/�CA)×100) CAA unit

5-36 CAA units CAA unit log

5-37 Y fa CAA units fu 100 CAA unit

y 0 EC50

EC50 5-14 8

EGCG Wolfe  (2007)  

 EGCG EC50 10.44 ± 1.45 �M Wolfe

 (2007)  (14.0 ± 1.0 �M) 8 PA2 EC50

58.75 ± 6.43 �M PA4 PA5 PA2 isomer PA2 p<0.05

EC EC50 309 ± 10.9�M

Wolfe  (2007) Caco-2 cell

EC PA2 EC

EC

EC50 PA2 EC50 EC
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5-35  

Figure 5-35. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and 

the inhibition of oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC 

(1:1), PA2:EC (1:2), PA2:EC (1:3.3). The curves shown in each graph are from a 

single experiment (mean ± SD, n=3). 
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5-35 ( ) 

Figure 5-35. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and 

the inhibition of oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC 

(1:1), PA2:EC (1:2), PA2:EC (1:3.3). The curves shown in each graph are from a 

single experiment (mean ± SD, n=3). (Continue) 
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5-36  

Figure 5-36. Dose–response curves for inhibition of peroxyl radical-induced DCFH 

oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC (1:1), PA2:EC (1:2), 

PA2:EC (1:3.3). The curves shown are each from a single experiment  

(mean ± SD, n=3). 
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Figure 5-36. Dose–response curves for inhibition of peroxyl radical-induced DCFH 

oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC (1:1), PA2:EC (1:2), 

PA2:EC (1:3.3). The curves shown are each from a single experiment  

(mean ± SD, n=3).(Continue) 
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Figure 5-37. Median effect plots for inhibition of peroxyl radical-induced DCFH 

oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC (1:1), PA2:EC (1:2), 

PA2:EC (1:3.3).The curves shown are from a single experiment (n=3). 
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Figure 5-37. Median effect plots for inhibition of peroxyl radical-induced DCFH 

oxidation by EGCG, PA2, EC, PA4, PA5, PA2:EC (2:1), PA2:EC (1:1), PA2:EC (1:2), 

PA2:EC (1:3.3).The curves shown are from a single experiment (n=3).(Continue)
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. PA4  
Appendix Figure 1. 1H-NMR spectrum of PA4 
 

 
2. PA4  

Appendix Figure 2. 13C-NMR spectrum of PA4 



 131

 
 3 PA4 COSY  

Appendix Figure. 3 COSY spectrum of PA4 

 
4 PA4 HSQC  

Appendix Figure 4. HSQC spectrum of PA4 
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5 PA4 HMBC  

Appendix Figure 5. HMBC spectrum of PA4 

 
6 PA4 NOESY  

Appendix Figure 6. NOESY spectrum of PA4 
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PA4 1H-NMR  ( 1) Methanol-d4, 500MHz,  ppm 
2.55 dd, J=16.3, 8.7 Hz, 1H H-4’eq 
2.95 dd, J=16.3, 5.3 Hz, 1H H-4’ax 
4.05 m, 1H H-3’ 
4.12 d, J=3.5 Hz 1H H-3 
4.24 d, J=3.4 Hz 1H H-4 
4.73 d, J=7.8 Hz 1H H-2’ 
5.92 d, J=2.3 Hz 1H H-6 
6.05 d, J=2.3 Hz 1H H-8 
6.07 s, 1H H-6’ 
6.81 d, J=8.3 Hz 1H H-13 
6.83 d, J=8.5 Hz 1H H-13’ 
6.86 dd, J=8.2, 1.7 Hz, 1H H-14’ 
6.95 d, J=1.5 Hz 1H H-10’ 
7.02 dd, J=8.3, 2.1 Hz, 1H H-14 
7.14 d, J=2.1 Hz 1H H-10 

 
 
  
PA4 13C-NMR  ( 2) Methanol-d4, 500MHz,  ppm 

Position C Position C 
2 100.4 2’ 83.9 
3 67.6 3’ 68.4 
4 29.2 4’ 28.8 
4a 104.1 4a’ 102.8 
5 156.7 5’ 156.2 
6 98.2 6’ 96.6 
7 158.2 7’ 152.2 
8 96.5 8’ 106.6 
8a 154.1 8a’ 150.8 
9 132.2 9’ 130.9 
10 115.7 10’ 115.4 
11 145.7 11’ 146.4 
12 146.8 12’ 146.7 
13 115.6 13’ 116.4 
14 119.9 14’ 120.3 

 
( Dr. A. Kumaran ) 
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7 PA5  

Appendix Figure 7. 1H-NMR spectrum of PA5 
 

 
8 PA5  

Appendix Figure 8. 13C-NMR spectrum of PA5 
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9 PA5 COSY  
Appendix Figure 9. COSY spectrum of PA5 

 
10 PA5 HSQC  

Appendix Figure10. HSQC spectrum of PA5 
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11 PA5 HMBC  
Appendix Figure 11. HMBC spectrum of PA5 

12 PA5 NOESY  
Appendix Figure 12. NOESY spectrum of PA5 
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Peak3 1H-NMR  ( 7) Methanol-d4, 500MHz,  ppm 
2.58 dd, J=16.3, 7.7 Hz, 1H H-4’eq 
2.87 dd, J=16.3, 5.2 Hz, 1H H-4’ax 
3.98 m, 1H H-3’ 
4.09 d, J=3.6 Hz 1H H-3 
4.28 d, J=3.5 Hz 1H H-4 
4.63 d, J=7.0 Hz 1H H-2’ 
6.02 d, J=2.0 Hz 1H H-6 
6.08 d, J=1.8 Hz 1H H-8 
6.06 s, 1H H-6’ 
6.81 d, J=8.3 Hz 1H H-13 
6.73 d, J=8.1 Hz 1H H-13’ 
6.68 dd, J=2.8, 8.2 Hz, 1H H-14’ 
6.77 d, J=1.7 Hz 1H H-10’ 
7.03 dd, J=8.3, 2.1 Hz, 1H H-14 
7.15 d, J=2.1 Hz 1H H-10 

  
 
 
Peak3 13C-NMR  ( 8) Methanol-d4, 500MHz,  ppm 

Position C Position C 
2 100.5 2’ 83.8 
3 67.6 3’ 68.5 
4 29.6 4’ 28.2 
4a 104.2 4a’ 103.5 
5 155.3 5’ 155.3 
6 98.9 6’ 96.6 
7 158.2 7’ 152.0 
8 96.5 8’ 108.6 
8a 154.4 8a’ 152.4 
9 132.2 9’ 132.1 
10 115.7 10’ 114.5 
11 145.6 11’ 146.2 
12 146.8 12’ 146.2 
13 115.6 13’ 116.1 
14 119.9 14’ 119.8 

( Dr. A. Kumaran )
 


