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Anti-inflammatory Effects of Purpurogallin Carboxylic Acid,
An Oxidation Product of Gallic Acid in Fermented Tea

Jin-Woo Jhoo*
Department of Animal Products and Food Science, Kangwon National University

Abstract The principal objective of the current study was to isolate a purpurogallin derivative as an oxidation product
from gallic acid, in an effort to assess the anti-inflammatory effects of this compound. Purpurogallin derivative is known
to be the one of the oxidation products of gallic acid. This compound has been identified as a minor chemical component
in fermented tea products. It has been previously demonstrated that theaflavins, the oxidation products of catechins found
in fermented tea products, exert profound antioxidant and anti-inflammatory effects. However, the biological activities of
a minor chemical component in fermented teas have yet to be evaluated. Purpurogallin carboxylic acid (PCA) was
identified as a major oxidation product of gallic acid from a peroxidase/hydrogen peroxide oxidation model system. The
identity of the PCA was verified by 'H NMR, “C NMR and MS techniques. PCA treatment significantly suppressed the
generation of pro-inflammatory mediators including nitric oxide and IL-6 in lipopolysaccharide (LPS)-stimulated RAW264.7
murine macrophages. According to the nitrite assay, PCA 100, 75, and 50 pg/mL treatment dose-dependently inhibited NO
production by 57.6, 41.5, and 21.8%, respectively, in LPS-stimulated RAW264.7 murine macrophage cells. Moreover, IL-
6 production was inhibited to a significant degree with PCA treatment of 100 and 75 pug/mL at 43.1 and 23.9%,
respectively. PCA treatment also significantly suppressed PGE, production at levels of 100 and 75 pg/mL. These results
showed that PCA exerts inhibitory effects on the production of inflammatory mediators.
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53] Zakel Fabol| @ol diEY e EddE HEES
2 EEE R e AR BAEoe] tk6-10). (-)-
Epicatechin(EC), (-)-epicatechin gallate(ECG), (-)-epigallocatechin
(EGC), 28] (-)-epigallocatechin gallate(EGCG) =5 Hx}
o sHrEoe] A& FHEIX(flavan-3-ols) IFEER Zx12] ES
FrkslE S ot = 383 SMEE 4EA AUtk A9
7HIZ SHEES w2 sty B9k opgr Uy el 27
Al Qo] T3 AR A Je WY dF5E 294
o2 AAgths AFRIIE Utk ol A FHEIR shEol
ornithine  decarboxylase(ODC), cyclooxygenase(COX), L&|3L
lipoxygenase(LOX) 4o JS nx)7] gEoz dHA 9
=21 7H71e COX-2E down-regulatings}7Lt, iNOS &H&-S
AFozZH NO9| S AT LA drk(1).

A} e wEaks akYle] wE IS SEl Azt =
A=d], o8t I F &8l EANEE polyphenol oxidase(PPO)
of oz 747l stghEo] AtstE|A| AL o] % 4lslE]olX] shetE
E2 MEE dimeric 3F3HE<] theaflavins®} JH-A}2] thearubigin
SIFEES A ol =2k 71EI19] di-hydroxylated B-
ring(catechol)3?} tri-hydroxylated B-ring(pyrogallol)©] A8} 3 &3+
o] dimeric FXE FASHH, olElgt FHFFNA  ben-
zotropolone °]2t= AMZS F2E FAsH Ftk12). A 2
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catechin®] AF3}E-Z Q1 theaflavin®] AJz]&Adol] tist AR 7}
o] #EE 7 o, o] dimeric 3FEIA benzotropolon T+
%= theaflavin 3gHeEo] kst S Vel wi- S asitt
L BIESL ATR(13). FEARS] Ak FejHE SIES TPA
induced epidermal edemaS &3H 02 AN O™, epidermal
ODC 12|31 COX 45 At Ao E HIsIal UTi(14). Lin
5(15)2 theaflavin-3,3-digallate®} =3} cateching]l EGCG”}
murine macrophage cell lineg ©]83 dFoA INOSe E4&
A8}, 3k INOS transcriptions} NF-kB2] EA43lE a3}
Ao g Asfstrtal Birstgith.

2 AFolAMe A FrEle] Jde e SEE gallic
acid7} HEA} Az ol Akslargd] 93] A= AA= purpuro-
gallin FEAF o83 o] FHF AHE RAW264.7 A EH]
& AHe Bkl HESAL Sk o|F 913l gallic acid 4Fs)
S Q7] Qg a4 dsird A2"e ARSI, TEEY
7 purpurogallin 5= 7F RAW264.7 A3 2J0IA] nitric oxide
2 A3 cytokine A3l diall PIXE FFS AESIANG.

Mz Wy
iz 717

Horseradish peroxidase, lipopolysaccharide(LPS), penicillin 2
streptomycines  Sigma-Aldrich*K(St. Louis, MO, USA)IX 7+
3le] ALE-3IR 2™, gallic acid™= Yakuri Pure Chemical(Kyoto,
Japan)2HE] 73Tt FEol| AMEE f7180lE SEAIYS
TFYsle] ARSI AlERS AES 993+ Dulbecco’s Modified
Eagle’s Medium(DMEM) % fetal bovine serum(FBS)= Welgene
AKDaegu, Korea)ollAl +U3FA ). Griess reagente= (F7)JEEH}
o] Q B| 2= Z | (Seongnam, Korea)ZFE FY3slo] ARS8,
PGE, 2 IL-6 ELISA kit= R&DAHMinneapolis, MN, USA)ol|A]
FHstsh AgazertE ety o83 LH-20= Amersham
BioscienceAH(Uppsala, Sweden)ZF-E +3}%t}. Thin-layer chro-
matography(TLC) 412 Silica gel 60 F,,(Merck, Darmstadt,
Germany)E ©]-83}o] AAFN S spot> UV illumination}+
5%(viv) H,S0, olghe &AL Axgolsle] =435I} 'H NMR
2 BC NMR spectrai= Bruker Avance 300 spectromter(Billerica,
MS, USAE ol-&st SAsIt. & 289 31¥E2 DMSO-
doll g3lste] =43 L chemical shift= d(ppm)Z FAIEATE
LC/MS #4242 ThermoFinnigan TSQ Quantum Ultra(Thermo
Fisher Scientific, Waltham, MA, USA)S ©]&3lo] B48 2A)s}k
St Mass spectrometer= negative-ion electrospray ionization
modecll A £41& AASFATH

Gallic acid &t8lEe| M= ¥ EHx|

Gallic acid®] 2Fs}ES A7) 913l hydrogen peroxide/peroxidase
£ o] &3 Aslnd A2"g o] 833t &, 500 mL <14
A (pH 7.0, 200 mM) &l 5¢ gallic acidE &8l vE] =
At peroxidase 8- (1700 unity 7} & 3%(v/v) hydrogen per-
oxide €45 FA7lsldA AHs-g-S YA FTh v 11es}
B WS A EC] Ao HE TLCE ©]83te] ER1si A,
A7k Whg - Wg-gfo] FREe] odobHEolE §os
471ste] W& BAANZ & &£ ZAdi7]e] &4 f718WE S
23

== X1

§5E2 LH-20 ZEAZvE28] (30x450 mm)E ©]83514 95%
25 &A1Y Nk AAPES EelEiYh 8 LH20 Z
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HAZrEaLHE o83 #8] FFS HE At &e
E4& #23 gallic acid AF8}HE<] purpurogallin carboxylic
acid(PCA, 150 mgyg 4< F Ut &5 FEE gallic acid A
she9 38t FxE gRlsh] #1std 'H NMR, "C NMR %
MS #£4& o]&shih

M| ZHH 2k

RAW264.7 murine macrophage= DMEM®I| 10% fetal bovine
serum(FBS), 100 U/mL penicillin, 100 pg/mL streptomycinS 37}
3k 7S A3 e Bl F7](HERAcell 150, Thermo Fisher Sci-
entific)oll A1 37°C<} 5% CO, S FA18H vl gslsich

Nitrite S8

RAW264.7 AIZE 24-well platecl] 5x10° cellsiwelle] H=E &
F3aL 12417 i FEATh o] F 7} well> phosphate buffered
saline (PBS)E ©]&3ld A3 ¥ FBS-free DMEM A& ©]&
3led PCAZ 100, 75, 50, 25, 12.5 pg/mL L2 22]dte] 1A]7¢
BoF wjFalith. ©1%F 7t wellol LPSE 1 pg/ml F=2 23}
of 2427k w5 NO /932 43I0t Nitrite®] %2 PCA
7] & HE gl 100 pLe}t Griess reagent 100 pLs WH-AJZ]
< microplate readers ©]-8-3143 540 nmel|A] SHEE SASISTH

AZEM cytokine ¥ PGE,2| =3

RAW264.7 AIEZE 24-well platedl] 5x10° cells/wello] F==
Tkl 12A17F i gstATh ©]% ZF well> PBSE ©]&-3te] Al
% 9 FBS-free DMEM ®|AE ©]&3l PCAE 100, 75, 50,
25, 125pugml FE2 AHEldte] 1A17F S wjdsiint. o] %
LPS 1 pg/mL F52 x2ale] 2447k wioFelich. IL-6 2 PGE,
F2 7ZF PCA Ao AEujF 4FHE AFH F ELISA
kit(R&D Systems, Minneapolis, MN, USA)E o835l A| A}
ZREZ mE g5k

SAEN

AE A= SPSS 14.08(SPSS Inc., Chicago, IL, USAYS ©]-&
skl ANOVAR A9, Het b vlag 99k A4
TukeyZ AZ3FA2H p<0.05 oldd wiwt A F24d0] S
= Aoz dAdsigth. R EAFE-2 33] o) vkE Algsle

A= B ETARE HERAT
Zn g o

HZ Faxpe] AR F Al SAdke TEHE RHE
E9] st o5 AEA A=A = SHHEER] theaflavin 3}
HEEF thearubigin 5 A ek B2 I A+E
7 B Aok HEAR] ZAFe] A9 IR SkrEo] At
stElo] SkslEo] wold Zlog B 4 o), o] Fitksty
2 St wjste] =LA ztort fle ZoE RiEr|E SISt
(16). T2l EFEANE ZvE =] olFl=At tAt
2 dF A oAbl mAE G oigh A Bi(17-19)
2 g2k ZFulEe] tig #lo] oA itk Fxke TE
HHE Fa 2ol EAE= PPool 23l 7Rl dlghHEo] 4t
slE]ojA] oL o] ZlslE ezl SFEES MEE dimeric 3F8E
¢l theaflavin 59 3FES MEA A3t ko] Efo A
S 7HAA F) ole 21 71E1X1¢] di-hydroxylated B-ring(cat-
echol)3} tri-hydroxylated B-ring(pyrogallol)®] A3} 3 £t o]



Gallic acid 2F38}= purpurogallin carboxylic acid®] &35 a3} 709

Table 1. 'H and “C NMR spectrum data of PCA

"H NMR (300 MHz, DMSO-d,)

8.16 (1H s), 7.57 (1H s), 7.08 (1H s), 15.19 (br s) ppm

C NMR (100 MHz, DMSO-d,)

182.6, 167.7, 153.2, 152.3, 151.4, 137.4, 136.7, 1302, 124.6, 115.0, 114.1, 113.3 ppm

dimeric 72& FAEHAR = olnf AAE AR = 47Hx]e] F8
3t theaflavin 3}3FEE91 theaflavin, theaflavin-3-gallate, theafla-
vin-3'-gallate Z2]3 theaflavin-3,3-digallate= 22} =2} 71|71 3}
&< EC+EGC, EC+EGCG, ECG+EGC 18]3. ECG+EGCG2)
3ol oJa] FAEAKITh(12). B3] b ol EAlske Hs
3ET U gallic acide AHEFA S B3 o]9] AlslEzEA
benzotropolone 3% 7FA:= purpurogallin F=AE W= A
o2 dHA ATHR0). 2 LR EAfse ol v A
5O gk A At mEg ol olEgh olf= o
waol EAlSE VRS Ve om &5 2 ZAs
717F wlg- FE] o5 AEYS HEIV] ofH7] wiEd A
ojty. AHAoR AFAA AN HFOF EA|Sh= SHHEolA] R
o|E9] AYAANE AESIAL 7|58 aAEAY A& THsEE
HESR= AL A g4 g shde] ve- Fadk B0 R A}
FHAAT. B AFNME gallic acid 3HgHEol olsf] A3l
Fol| A= AsES G4F o83 Ast 2d A 2FHs A
43l o]o] 2k3lE<Q) purpurogallin carboxylic acid®] &A% g
S AEst, B sigtEo] s Alxe A9 T8 3
FSEHE HESIA A

Gallic acid 2t&l=9l purpurogallin FE=x2 &2

Gallic acid®] AF8}E<l purpurogallin F=AE A7) 93k
gallic acidg S14HHZE-fell &3l T peroxidase?t hydrogen per-
oxideE ©]&-F Ats} Bu A|xdlel] A8-3fo] o]e] AtslES
Atk o]F HF WrEAORRE FEA IEASES partition
WHE o]&dt] AAZ £, ZEdE f78vES FHste] 2ASH
FEol] AZRAF O, o|F AxES HAPARWETIZIH(LH-
20y o]&-std 95%°] e SwiE &=t 21d Al
purpurogallin FF=A1& 2] FASIG L. HEHOZE HAE pur-
purogallin -F5=A19] '"H NMR spectrum? 53/ benzotropoloneoi| ]

263 [M-H]-

Relative Abundance

102 |
. |
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100 200 300 400 500

Yelh= Al 7] 5] 91 aromatic protong YER]= chemical
shift¢! §,, 8.16(1H s), 7.57(1H s), 7.08(1H s) signats 218 <=
Ao, T3 5, 15.19(br s)olA] caboxylic protons 1% 4
A tHTable 1). *C NMR spectrum2 53}e] 1270 carbon
signale & F A3, 53] §, 182.62 F3l carboxylic acid
717t EAlERE AS 1T F JATHTable 1). L83 negative-
ion electrospray ionization mode LC/MS ¥4} 35tE2] £4}
o] 26492 1T F U= mz 263 [M-HI ©]2S S 5
AATHFig. 1). ©l#s 4475 Ed2 22 AR pur-
purogallin §-=4] 3}gEo] HFEHS=Z purpurogallin carboxylic
acid(PCA, Fig. 2)2 1% & JATh

PCA2| NO Mg}

Nitric oxide synthase(NOS)2] Z-8-0] ]3] L-arginineZ5-E] A
A =|oJR]= nitric oxide(NOY= mammalian cell®] 7-$- pro-inflam-
matory cytokine®|L} LPS 5ol 2Jaf o]o] AAjo] Exgojd 4
=4, LPSE Al W54AZ macrophagedl] 2|54 W 495
3 cytokine ¥ NO9} 2-2 w7l B Eo] A= oKt 53] IL-
6 ¥ TNF-oi= pro-inflammatory cytokine® 2 574 H& T 4
FREEOl oA Fag TS she ZoE dHA Sk & 4
FollA= PCAS A 2|7} murine macrophage(RAW264.7)2] NO
Agol]l omst JEFe PIXEAE AES IR AA A
RAW264.7 M 2] LPS9} PCA 12.5, 25, 50, 75, 100 ug/mL
T2 AZe & 7 w2 NO AA AlExE 933k
APE3 PCAAE= 9422 NO¢ 34& Ak As &
31 5 AU 538 AwErt S71eel wEk NO9| el
asle A BRI = UATHFig. 3). PCA 100, 75, 50 pg/mL
A2l NO9| S LPstt A23h Al wls k2t 57.6, 41.5,
21.8%2 Fodow AHATE Aoz yehhth 28y PCA
AEd- 25 pgmL A EE oM A ad= e A &

527 [2M-H]-

Fig. 1. MS spectrum of purpurogallin carboxylic acid isolated as an gallic acid oxidation product.
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Fig. 2. Chemical structure of purpurogallin carboxylic acid.
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Fig. 3. Effects of purpurogallin carboxylic acid on LPS-induced

nitrite levels in cell culture supernatant of RAW 264.7 cells.

Incubations were carried out as described in Materials and Methods.

Values are mean£SD of n=3 observations. *»<0.05 **p<0.01
compared to control (LPS alone).

L Aoz #AAFYL o]Hst AP AHRZ PCAE LPSE A
RAW264.7 A EoX NO9| A& ax8oR AT + U=
Ao ® Yesit.

PCA°| PGE,2t IL-6 Mol cHsh St

COX-2¢] ZHg-e 9jal] A=A = prostaglandin H32] 5
23 QAR Agale AoR dEA AUk 53] ofpEste]
cyclooxygenase®| 2}l eJal] HFA=E prostaglandin E,(PGE,)
7F AArE oA AL o] o] RS ST BN COX| BAS o
=3 4 Utk RAW264.741E0 LPS9} 7t7] T2 55 PCA
(25, 50, 75, 100 ug/mLYS 2] 5 AlZujgdE Fsle] PGE, 4
A =439k LPSSE ABE A2|3H RAW 264.7 AEE H)
FHellA 24717k vl $- ELISA kits ©]8-3}] PGE,9] W&
243819 PCA 100 @ 75 pg/mL = 2]oll4 LPSTH A 23t
RAW264.7 A3l vlall PGE,2] AAdo] ztzt 29.0% 2 15.4% <
A== Aoz A=A h(Fig. 4).

T3 PCAVY G5ukse] Fo3 viZlEEdE dHA e 16
o} 7+e AZA] cytokine2] Al WX gL HFs] 98
o] RAW264.7 MEo] LPSS} 7}7] & FEE PCA(12.5, 25,
50, 75, 100 pg/mLyE 2] & A ZujgAS FHste] 1L-69] A4
Fe S5t 484 PCA Ale IL-69 A8e g
2 A8 Aoz YebgthFig. 5). PCA 100, 75 pg/mL 2]
oA} LPSTF 22| RAW264.7 Al o) vla) IL-62] Ao z+zt
43.1, 23.9% AAHARNE Aoz #AZHAY. Huang S(18)
TPA-induced mouse ear edema assay A¥-2 Fdlo] T} 2|
&9l theaflavin®] topical *12]7} TPAS 2J3] FEE o AFS
gHAoE AAFF T BN O, theaflavins®] 2] 7}
arachidonic acid THAF}F FHE COX2F LOX pathwayS A3k

PGEz (ng/mL)

Control LPS 100 75 50 25
pg/mL treatment

Fig. 4. Effects of purpurogallin carboxylic acid on LPS-induced
PGE, levels in cell culture supernatant of RAW 264.7 cells.
Incubations were carried out as described in Materials and Methods.
Values are mean+SD of n=3 observations. *»<0.05 compared to
control (LPS alone).
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Fig. S. Effects of purpurogallin carboxylic acid on LPS-induced
IL-6 levels in cell culture supernatant of RAW 264.7 cells.
Incubations were carried out as described in Materials and Methods.
Values are mean+SD of n=3 observations. *»<0.05 compared to
control (LPS alone).

= Aoz 93] Stk Cai 5(19)2 =4S 53] theaflavin
o] Fofzt ol glojrM AFHE EAEQl INOSY COX-29]
mRNA expressions A= AS2 BT gk H A
=l A¥A94E FESHE FUAT PCA] AT T
& olalslr] f1gk A2 A NA PCAE LPSE A2eh
murine macrophage(RAW264.7)°14 &34 S 2 COX-2 mRNA
expressions A= Ao = UElstt)

ol’del AIE FTHet] EH waxtel njFeR EAlshs 4t
k=9 §95 2948 g1 F AdRen, PCA9] A= aF
Zo® NO 2 I=3# cytokine?] HH]E Ak Zo=w 7
=o)L olefdt A AFAAE o83 FIT AH A
A A 7FeAEE ZAT Ao olF9] 7154 AR
M AE 9 uefet daape] MaRE ok £ o A=
= At 9% Aeg v

0
12

2 A7 BAE wgA Fof vjFEdE EA8Re purpuro-
gallin fr=A°] A ek axks AEIA A &



Gallic acid 23} purpurogallin carboxylic acid®] 3+5% & 3} 711

B 22 ZAA17E w9 ofg7] gEeR At 53] S
Qo] EAst= dHE AFEST s gallic acide Hasly T
benzotropolone &% 7FA= purpurogallin F+=AE AMEA T
T BoR dEiA dEd £ dtdME gillic acid SHEHEC]
olglgt 4 Foll Ashe AslEs a4F Aksl RAA|AHQ
peroxidase/hydrogen peroxide RS ©]-&3l] JHslES 4 &
AP AZvEag 3y S ol&sle] &5 EFssith o] ol
purpurogallin carboxylic acidPCA)E gallic acid®] 2tslE= £z
g AYJAL o] FEZ 'H NMR, C NMR Z MS 221}
< o]&ste] AT F UUTE o] F @ElEoxl PCAS] &
35 HESACE RAW264.7 A EE o] 83le] PCA9| &
&3}2 7AEs%EY PCA 100, 75, 50 pg/mL A= NOS)
A8 LPSYF A3k A|Ed)] vl zZHzb 57.6, 41.5, 21.8%= -9
Ao AsA7l= AR YEITE PCA 100, 75 pg/mL A2
ol 4] LPSHF 2] RAW264.7 Aol B3] IL-62] Ade] 24z}
43.1, 23.9% JAFARE Aoz FAEJT. E3 FARSE AT
o2 PCA 100 2 75ugmL AewtolA LpsT A3
RAW264.7 A3 ]3] PGEZQ] Aol Z¥zt 29.0% 2 15.4% <
A FHoRl= Aoz HAFUL HT TS K= AEZ
o] A gl Al el F8/do] FzEaL i), 58] Azl
o] A=A sl &g E4 587t Frtslal da, oldl wek
UM E FA4 BAFEE gHab] gk A= A o] A
T3 Agoltt, E AT A= gallic acid®] AFsE<Q] purpuro-
gallin FEAE o83 FIF A9 AL 78S AES
83 A2 AlgEoRI, e B AFE T3t ajd n
Fo 2 EAsle SIEEY] AN S IIT F Ao, &
ol k3t Qe v AEES dES dH

7FeE HES F Jth

e

o= ]
=
o= ]
=

ox ofN ofN

E =EE 200609 % GEAY@SAAAAR st dF2AdAL
Fuhoz e AT X YPS wol ATE ) O (KRF-

2006-003-F00062) ©]ell ZAL=HY T}
2 3
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