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Gamma iradiation is a promising technique for improving the quality, safety, and shelf-life of foods. However, research
on radiation-induced systemic degradation related to changes in the chemical structure and biological activity is still
limited. In this study, radiolytic degradation and antioxidant activity enhancement of purpurogallin were studied in response
to varying dose of gamma imradiation. Pure purpurogallin in methanol was exposed to gamma rays from 10 to 100
kGy. Purpurogallin reaction mixture was completely degraded when imradiated with 50 kGy and showed an increased
antioxidation activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS"). It also exhibited hydroxyl radical scavenging ability. The structure of the newly-formed simple phenolic
compound, pyrogallol (2) from gamma inadiated purpurogallin at 50 kGy was characterized using 'H, “C, heteronuclear
singles quantum coherence (HSQC), and heteronuclear multiple bond correlation (HMBC) NMR, and fast atom
bombardment mass (FABMS) spectroscopy. Compared to the parent purpurogallin, the small phenolic molecule (2)
exhibited significantly enhanced antioxidant activity against DPPH, ABTS", and hydroxyl radical scavenging activities
with SCsy values of 9.5+0.3, 12.6+0.4, and 48.1+0.9 pM, respectively. These results indicate that degradation of
purpurogallin induced by gamma imadiation might enhance its antioxidant property.

Key words : gamma iradiation, purpurogalliny DPPH, ABTS", hydroxyl radical
M E
D 9 glutathione

L5 SR MBI YL T U

The Korean Society of Food Preservation

catalase, peroxidase 52 AES} &4 9 H[EH C, HIEFT
St &2 AR} 40| EASTH(Fang

QUAof| A= AERAIE FIRE oflvA] Bikol S8
Sk 282 sh, A9, 5, M, oFE 9 A 59 o
& 82lo] 9J5}d superoxide(0O), nitric oxide(NO), nitrogen
dioxide(NO,), hydroxyl(OH) ¥ peroxynitrite(ONOO") 52}
22 G AE A F(reactive oxygen species) O o, A5HA]
AEHAS QA ElckHalliwell? Aruoma, 1991). A3H]

ol /94| E52 AAISh= superoxide dismutase,

5. 2002). SHATE RS AHE A AEFAL A
o 4450l A4, , B W DNAS ulAlEA), u]7}e]
A Tg HUAA ok o, WU, JEUALE 2 1R
A3 59 245 S FLATHLobo 5, 2010). T
AR TYALE D AFRetrlRe AsT 285l =
ShyA) 2 Yy ol 5 5L Bk 271Eel ol

g Q 5ltH(Hussain -5, 2003). Z| butylated hydroxyanisol,
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butylated hydroxytoluene %! tertiary butylhydroquinone 53}
22 A AP AEEoY, ol @4 HARHIE
2 54 9 kg 59| 380 WaAslol 8L Askn
AUol(Williams 5, 1999) Hr} QHgstal Fakgo] A2 HA
AR 9] 7o) a3t A7olth(Lee 5, 1998).

Purpurogallin2 benzotropolone =2 2] SISIEE Quercus
49| QufRH(nutgall)el] =8 o0& A 31 2H(Abou-
Karam3} Thomas, 1999), pyrogallol®] AFslHE30f O3] A4
Fl= Aoz HEo] QtiCritchlow 5, 1967). o)A At
of|A] purpurogallin tyrosine-specific protein kinase(Abou-
Karam¥} Thomas, 1999), xanthine oxidase(Honda 5, 2017)
9 olutathione S-transferase(Das 5, 1984) 59] G4 *|3f&
go] Harh HEgloH, dHS(Park 5, 2013), FEATHKu
2} Bae, 2014), F=tFES(Kim 5, 2018) 2 3l (Inamori
5, 1997) & Tge 71548 B4 Ueidi= SRE=E o
A k. HT FFoAE A% K (esophageal cancer) T A
= 9 BEAY0] S5 et BHol B} Hekie 5,
2019).

At 2AR 2200 A-AR] 7HEAEE SHA] oAl 4
o, B¢ 9 A7) A 9 AE FEs T
71e2 AIAZCo=E o] AMGE|QL GltKFarkas, 1998). o]A
RE] O 2 7162 A8 2 e B4 wsie}
THE A77F 25 AP FolH(Nagy 5, 2011; Song 5,
2007), 15 =7} (green tea) S5 AL R Ak
Spslo} petel gho] At A0 Mt 9ok Lee 5,
2006). ESF A 2ARE J(Eremochloa ophiuroides)
SEolA] vl g S=57RAA AE tyrosinase X elastase B
A5 S0 Aok Zo] il EQlil(Lee 5, 2013),
anthocyanin SFMEQ] cyanidin-3-O-xylosylrutinoside”} S
%o} Q= Qu|RKSchizandra chinensis) 20l 1S
ZAFSE A3}, cyanidin-3-O-xylosylrutinoside @] &Fo] ZH4
=31, Algt AdE &2l LC-MS #4022 A% 5HEIIL
o, A4 AA wAYEZ] AFEHUHLee 5, 2011). E3F
flavonoid, phenylpropanoid, chlacone & xanthone 5-2] THF
3t WA M) b ZAR] 2 #HgkE Al o]
SN, $55 7154 24 5ol it H3ItByun
5, 2018; Jo 5, 2016). 3}A]9F benzotropolone =24 2] 33}
£l et AupA RALof o3t L& ®g W V)54 At
TEE A+ 2= stk

£ 7oA ti3ZQI benzotropolone =24 2] SHHE<91
purpurogallin®]] TR A T A5 AJ/4dE SREES HPLC
2402 SISO, 2t A1 pupurogalin FAHES
Aksl 3437 T2iE DPPH, ABTS™ @ hydroxyl 2H0jZF &
A4 718 eIt A7 TS FRAEsiE 1

o 9 7]7)24
ol 7t
wstuAt gt

AleF 2 717

= Aol A ARERE purpurogallind} ZHtiZ 278/ H7}
of] Ak&H 1,1-diphenyl-2-picrylhydrazyl(DPPH), 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS"), deoxyribose 2
(+)-catechin 59 A|9F2 Sigma Chemical Co.(St Louis,
MO, USA)OllA 95t ALg5t3ict. 'H 9 °C NMR A8
EZHL CD;0DE(du 3.35, Je 49.0)E o]-8-510] 600 MHz
FT-NMR spectrometer(FT-NMR, Varian VNS600, Palo alto,
CA, USA)ZE 45190, B4 9 column chromatography
€ &4l SEAIE ARSI FABMS AHE2 IMS-
700 spectrometer(JEOL, Tokyo, Japan)E &85t EASFS
sisick

Z0d =AF & HPLC &4

572t purpurogallin(200 mg)< methyl alcohol(MeOH)
400 mLof| =91 & njo|dof Yo Z+ 10, 25, 50 E 100 kGy
AFOE A ATY A APdATA W A 10
9k Ci9 cobalt-60 ZHHA ZAFAA(point source AECL,
IR-79, MDS Nordion international Co. Ltd., Ottawa, ON,
Canada) o]-g&slo] Zubsd RALE 1%ithJeong 5, 2018).
TA1EF BR012 alanine dosimeter(5 mm, Bruker Instruments,
Rheinstetten, Germany)S ARE51H. 0™, dosimeter—= =AY
A7 TIAEA)S] 2] E83fo] EE3HE 7 AH83ISE
ot Z} AP AR purpurogalling RAARES] EAof=
HPLC(LC-20A, Shimadzu, Tokyo, Japan)2} ODS column
(YMC gel ODS A-323, 4.6 mmx150 mm)= ARESHSL o]
A Si2= 0.1% formic acid(solvent A)?} acetonitrile
(solvent By AR25}0] gradient elutionS 90% A; 10% BZ
BA510] 5 min, 5% A; 95% B, 20 min®] SUjRAgoE B
AS A6, o159 52 1.0 mL/min® 2 FA5}
Fom, HE7|+= SPD-M20A(Shimadzu, Tokyo, Japan)E ©]
45}0] 280 nmof|A SHES AEIIAUKFig. 1).

o

£22=3} purpurogallin®] Z} 10, 25, 50 & 100 kGy Asko.
2 P AR & ZF AMRES AR 4T AeE
DPPH, ABTS" 9 hydroxyl 2t} 2AEA H7hg 3ot
et 1 A}, 50 kGy Ao =2 ZARE purpurogallin ZAf
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Fig. 1. HPLC chromatograms of gamma-imaidated purpurogallin
at four different doses.

A, 0 (control); B, 10 kGy; C, 25 kGy; D, 50 kGy; E, 100 kGy.
1, purpurogallin; 2, pyrogallol.

AbEoA iAo R 7Y St St 44 B4 YE
ol =49 £2] 9 BAE StSitKTable 1). 50 kGy
AZFoZ ZARE purpurogallin ZAMEE(176 mg)S ODS
gel(YMC gel ODS AQ 120-50S, YMC Co., Kyoto, Japan)
ZHIZoE T T)(1 cm i.d.x42 cm) 2D semi-preparative
HPLCE o|&sto] sRk=9] #e % FAE st on,
10% MeOHZ §-&3t0] Aol fractionol| 4] 313E 27} A&
UL, AXTE AT} 67.2 mgS FESI £ GdEE
= b RARE purpurogallin F6ARE H] 1 - F-A5H0]
pyrogallol2)(fz 3.3 min)2] £A}S HPLC EX o0& 301519
I, NMR 2 FABMS 59 7171848 Hgsle] 725 54
19iTkFig. 2).
BiCiz A 23
bl 24 purpurogallin ZAMNE 3 Helgl T
Z9] DPPH &t AAZAL Blois(1958)7) 35t WIS
HYsto] Skl 2 AlmE 120 plof 0.45 mM2]
DPPH €9 60 uLS Y3 Wyt 3 1587 W25t ok
ELISA reader(Infinite F200, Tecan Austria GmBH, Grddig,
Austria)E ©]-85t0] 517 nmoJlA FFEE SHsI5ich
ABTS" 202 2752 Re 5(1999)9] WS HFso
that Zo] S74sI3ith 7 mM ABTS™ &F 2.4 mM T4k
F 59 T T FHIA 124171 WS o] A4
= FEoIlt A4 ABTS' 2Hojzt 895 3]4ste] 734
nmol A FFE Ffo] 0.7-0.8 F=rt HEF SAT & ARG
Stoict. 3]4%E ABTS' 2H]z -84 100 pLe}t 7F Agd £
AT HUEE 100 uLE E/tsto] A2ofA] 7R ¥k
AJZ1 3 ELISA reader® 734 nmoA T2 =2 2435190t
Hydroxyl 2tz A& deoxyribose HIH(Li, 2013)
<= HEgsto] o2 o] SASHh 2.5 mM deoxyribose,
1.5 mM H;Os, 100 uM FeCl; & 100 uM EDTAZ 10 mM

Table 1. Comparison of radical scavenging activities of purpurogallin by gamma-iradiation dose

Irradiation dose (kGy)

SCsp values (pg/mL)

DPPH ABTS" Hydroxyl

0 (control) 17.7+0.3*D 12.4+0.4° 35.140.4°
10 15.5+0.4° 10.7+0.2° 30.9+0.3

25 12.8+0.5° 4.8+0.3 25.140.2°

50 10.8+0.1° 3.5+0.1° 24.5+0.6°
100 12.7+0.3° 6.6+0.2° 27.3+0.5°

YScavenging activities are expressed as the meantSD of triplicate experiments. Different letters (*°) within the same column indicate significant

differences (p<0.05).
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Fig. 2. 'H (A) and *C (B) NMR spectra of newly-generated
products 2.

Pyrogallol (2): White amorphous powder; FABMS m/z 127 [M+H]";
'H NMR (CD;OD, 600 MHz): Jy 6.48 (1H, t, J = 8.4 Hz, H4), 6.32
(2H, d, J = 8.4 Hz, H-33} H-5); *C NMR (CD;OD, 150 MHz): Jc
147.0 (C-22} C-6), 1342 (C-1), 119.9 (C-4), 108.3 (C-33} C-5).

phosphate buffer(pH 7.4)°] 91 & 5= HE A X3 A&
o 75k} 5kS- AR A 100 uM ascorbic acidE 4715 -
37CoA 1AIZE BLRF 5ESAZITE HES- 3 0.5% thiobarbituric
acid®} 2.8% trichloroacetic acidE H7}sF & 80T 2] 2&9
Al 204 B2 7HFRIT) o]% H<; WZHA|X] & ELISA reader
£ ol&sto] 532 nmojlA =S ST

DPPH, ABTS" % hybroxyl 2tz 278/ 7ol AL
o RS A FARBHAIE d2R (+)-catechinE: At
25} 01, purpurogallin®] ZotA AN 2|4 315t
9| gt 2AZAES AeEHe 7R 7] &
T AASS FRISHAL, SCsy(half maximal scavenging
activity concentration)FS A&7} DPPH, ABTS" @ hybroxyl
SRR S0% AT BEE UER,

SAAZ

A8 A7= SPSS package program(version 20.0, SPSS
Inc.. Chicago, IL, USAYS o}83}e] 7} Alga 749] £:01%
< #3553 & Ducan’s multiple range testo]] 2|3 A3+ 7+
9] 2ol p<0.05 FofEolA HSOIAH:

ZF

Zu} gl 2l

kd

Purpurogallindfl Zod 2A & MAEE 3tgtE0| E2

o e
=%t purpurogalling MeOHe|| =<1 & 10, 25, 50 4

100 kGy AFo g fAuidS A & F53I9 oW, At
ZAF A purpurogallin FARREC] Hisf] F4te} S/t
% DPPH, ABTS™ U hydroxyl 2tz AAEA B71&
Se¥5titt. DPPH it} 47 E/d 371014 10 € 25 kGy
AZFoZ ZARE purpurogallin RAMRMES] SCsy Flo] Z+
15.5+0.4 2 12.8+0.5 pg/mLe] FAJ O & T RTHSCs: 17.7+
0.3 ug/mL)o]| BIs] 25 453 2z A4S UeRigL
o, 50 kGy AFOo =2 FARE FARKFEQ] SCsy Fhol 10.8+
0.1 pgmlLE o= 71 531 DPPH 2t} &S
< YERALE SERRE 100 kGy Al5F0 2 ZARE purpurogallin
RAMAREQ] SCsp FES 12.740.3 pg/mLE 50 kGy A=Fo=
ZARE 2AMREO] H]s| B e UERGIT

ABTS" 2it]zr &AGA H7lol|4] 25 9 50 kGy AFS
2 ZAFE purpurogallin ZARFES] SCsy gfo] ZF 4.8+0.3 9
3.5+0.2 pg/mLE 45H ABTS™ 2]z AAE/GES YER)
1 hydroxyl 2tz AAZANAE HA| ZAMIFO] Z7F
ol wje 2oz 2ABHo] /IS %L Uehhgo
™, 50 kGy Ao 2 RAFH purpurogallin ZAMHES] SCso
201 24.5:0.6 pgmL2 7P 9 oz 2AE 1
EFJRI}. SEAITE 100 kGy ATFO &2 FAFE purpurogallin
FAMIRE Thh 2o orlg 2AHE Ve itk Table
1) olo] 2t A1 ZAMIES HPLCE o} g5jo] 24 %
g A7k 25 9 50 kGy AROR 2 WSEol
purpurogallin® Z4s}1, At AAE peak”’} retention
time(t) 3.35.004] AZFQITHFig. 1). 100 kGy RAMAIEO]
A= Al AdEo] vl HEE LM, 25 9 50 kGy RA
AREHTH 22 gz AAZYL At AEEY] el 9
Sk 2o dZ ERIsISInE 7Hd 93t 843 YERH 50 kGy
Ao = FARE purpurogallin FAMMES] Al A4 &8
ODS gelZ SXAR &83t ZHIARNEIHTE 0|85
of 84 He FEAE Eesiit £eE sk 2
A7S 9I5te] 'H, °C NMR % FABMS AZEZS =735}
AckFig. 2).

s 2 DNe] BARY Bugosn dojpe,
FABMS &% A1} m/z 127[M+H] 9] 4] base peakZS &-215}
o CeHeO:9] EAMAE 37g513itt 'H NMR AHEH 54
07 27§9] "k proton A|1ES Jy 6.48(1H, t, J = 8.4
Hz, H4) 9 632(2H, d, J = 8.4 Hz, H-37} H-5)8 71519
th 3 °C NMR AHES 407 S 147.0(C-22} C-6),
134.2(C-1), 119.9(C-4) & 108.3(C-37} C-5)0]14] 67]2] w7l
FEH9] carbon Al1do] FTEEQILE ol49] 'H € PC NMR
dofe} s} B (Kulami 5, 2008) 9 EET49] HPLCS
2 H|ste] BREE 2= ARA Himd SRMEQ] pyrogallol
2 F2 3735IeIthFig. 2).
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A HYE sfetEe| 2ifE A7y "ot

At AR purpurogallin £AM=OlA $<gt Ehejz
2AZYS FRIsAAL, ODS gel& SHAZ o83t A=A
anpE 1oy 9 77HHE olgstol Al 4E SlEe
o] 2 FAE Poloirt. Eojd StE2 ARA Hed
SlgHE1l pyrogallol(2) 2.2 1% TSI oW, At &/
¥ ¥ DPPH, ABTS 9l hydroxyl 2hZ 2742/ 37}
£ FoISinh L A, Al ABE AEA His SRkER]
pyrogallol(2)9] DPPH 2}z A27%529] SCsp A5 9.540.3 uM
2 YeF2H, purpurogallin(1)(SCso: 65.1£1.0 uM)©]| H]
o Y55 4sE BHUL S

ABTS® 2fejzt 4745014 Zobd ZAE purpurogaliin
FAPIEOIH AT BHE SHHE 29] SCy o] 12.6:04
WMOZ 953t ABTS' etz 2AZHE Ueiyglon,
hydroxyl 2}tz 2754 % 48.1£0.9 uM2] SCso #k= U
Elfio] purpurogallinof] B|sf| 52 o2 £2AZHS Uet
Uitk A ZALE purpurogallink FAMMERRE Al
g AR Hisd RkE 2= AR 24 BrlelA &
AET 02 ARSE HA FAIAR] (+)-catechinE o} 4
3t DPPH, ABTS™ & hydroxyl 2HH2h &7 2742 eIl
THTable 2).

F|T Aol F AE] 9 S genisteino] T}
AZ ZARE A, Al A/3% genistein -F-EA|7} genisteinX

943 sk WS Uehdol B} Elickoune 5
2009). ESF 70 ZARE cyanidin 3-rutinoside RARIFEZE
B Al 23435 phenolic acid F-=A SRFE2] protocatechuic
acid methyl ester’} 72 5%, <=5t DPPH =}t]zt
aAZol Eivt HitHLee 5, 2014). 2 AolA:=
purpurogallin®]] FHHd AR A5+ A4E AEA}F HlE #
AE 29 9 #2786, i &4 #=E
DPPH, ABTS" & hydroxyl 2}t|Zh £2AZA B7IoA 25
o AR SIS FF At AES Al A I
= AYE 5ol Ak &4 71%e] gk A+t BestH,
ool At A= AR A BAEE SR &

9 kst 2 wislel Beisl 7| 2ARRA ) 8o Ay

2 o

Al Al ofsf AgE =4 tis A FAERA A
Z s 2 A+E H5H92H, purpurogallin(1)°] 10,
25,50 9 100 kGy Ao & FHpdS RARIAAL, ZF A
H 2AMEEO] tisto] gh4lst @/d3) E DPPH, ABTS'
9 hydroxyl 252 2ASA B7F FP6sHch 1 A3,
50 kGy A%F0 & FAFH purpurogallin ZAFAFEO]| A DPPH
]z 2AZA9] SCso Fro] 10.8+0.1 pg/mLE TRE A}
Aol Hlsf 71 5% 2d AASES UEYSIT
ABTS" Y hydroxyl 2}tjZ 244 7oA ZF 3.540.1
9 24.5+0.6 pg/mL2] SCsp gk HEFH O] 50 kGy RAME
of gtz AASEE Uil 249 ST AASEA
t}. oof Z} ZAF:REC] T8l HPLC #4132 3§59, 25
2 50 kGy RAMFEOIA] purpurogallin ©|2]of] Al A%
SRS gRIsISlth 7MY 92t 8442 YERd 50 kGy &
AMFEE ODS gelZ SXAIR 283t I 2ntE 19y
£ F9¥5to] AEAF phenol FEAE 8 9 FA6HAL, 3t
=9 2= 345H 717] £45 E510] pyrogallol(2)=
T2 S5 EE e o A WUkE
8451310, DPPH 2H|Z &452] SCs 0] 9.5+0.3 pM
2 oh 74 bz AATAS UEhHGLI, ABTS' etz
AASNAE FA] SCso FHol 12.6:0.4 uMZ purpurogallin
(SCso: 36.3+0.6 pM)E T} L55] A5H 2z 2ASIS
LERQITE. ESE hydroxyl 2HHZ 4ASAY B7OIME
48.120.9 uM9] SCso gk= HE oM, FHEo = A
L5 AA FASFAIQ] (+)-catechin(SCsp: 60.9+1.4 uM)E T}
58 B aASE UERRIL oY A ATt E R E
purpurogallin®] ot FAR= AEA HisA SKREQ]
pyrogallol2] /3 gRlstylon, S35t gz A
& Uehiiglnt B 7018 24 A8e) 20 4uEe] T

Table 2. Radical scavenging activities of newly-generated product from purpurogallin by gamma imradiation

SCsp values (M)

Compounds
DPPH ABTS" Hydroxyl
Purpurgallin (1) 65.1+1.0°Y 36.3£0.6" 124.9£1.7°
Pyrogallol (2) 9.5+0.3° 12.6+0.4° 48.140.9°
(+)-Catechin® 22.4+0.7° 14.7+0.5° 60.9+1.4°

YScavenging activities are expressed as the meantSD of triplicate experiments. Different letters (*°) within the same column indicate significant

differences (p<0.05).
I(+)-Catechin was used as a positive control.
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