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Abstract

Green tea (Camellia sinensis) with abundant phenolic compounds is considered to a major dietary source of flavan
3-ols such as (-)-epigallocatechin gallate (EGCG). Here, we assessed the effects of non-thermal dielectric barrier
discharge (DBD) plasma on green tea extract using spectroscopy and bioassays. Plasma-induced structural changes
in EGCG in green tea resulted in the isolation of two methylene-bridge dimers, oolonghomobisflavan A (1) and
B (2). The structures of these compounds were characterized using nuclear magnetic resonance and mass spectroscopy
data. The symmetric dimer 1 connected by a methylene linkage was the most potent inhibitor of advanced glycation
end products (AGEs) formation (ICsy, 8.2+0.5 pM). The radical scavenging capacity of against hydroxyl, and
stereoisomers 1 and 2 was more potent than that of the positive control ((+)-catechin). These major products purified
by treating green tea with DBD plasma for 60 min were quantified by HPLC. Our results provide evidence that
structural changes of EGCG in green tea extract induced by plasma might enhance biological efficacy.
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Table 1. Effects on AGEs formation and hydroxyl radical
scavenging activities of plasma-treated green tea for each times

1)
Treatment time ICso values (ug/mL)

(min) AGEs formation”  Hydroxyl radical”
0 (Control) 62.6+0.3" 15.5+0.4*
20 55.7+0.9° 14.1+0.3%
40 43.0+0.4° 10.6+0.2"
60 20.9£0.5° 6.9+0.2"

YData represent the meantSD three replications.

IDifferent letters (*°) within the same column indicate significant
differences (p<0.05).

IDifferent letters (*“) within the same column indicate significant
differences (p<0.05).
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(Hashimoto 5, 1989), 7+ Fig. 2°] YERHRITE o)A A
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Fig. 2. Chemical structures of newly generated products 1 and 2 from plasma-treated green tea.
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Table 2. 'H and “C NMR sectral data of compounds 1 and 2"

Oolonghomobisflavan A (1)

Oolonghomobisflavan B (2)

Position
On dc on-Upper 0c-Upper On-Lower 0c-Lower
2 520 (br s) 79.5 4.99 (br s) 77.8 5.29 (br s) 79.6
3 5.52 (m) 69.3 5.48 (m) 68.9 5.57 (m) 69.3
4 3.07 (m), 2.98 (m) 26.9 3.05 (m), 2.88 (m) 26.5 3.08 (m), 2.97 (m) 26.9
5 - 152.6 154.1 - 152.5
6 6.10 (s) 974 105.8 6.15 (s) 97.1
7 - 155.6 154.3 - 154.3
8 - 105.5 6.12 (s) 96.2 - 107.2
9 - 155.8 155.5 - 154.9
10 - 99.3 99.7 - 100.2
I' - 129.7 129.3 - 130.5
2' 6.77 (s) 106.8 6.60 (s) 106.6 6.77 (s) 106.5
3 - 145.9 146.2 - 146.0
4 - 133.5 132.8 - 133.4
5 - 145.9 146.2 - 146.0
6 6.77 (s) 106.8 6.60 (s) 106.6 6.77 (s) 106.5
1" - 121.5 - 121.4 - 121.5
2" 7.11 (s) 110.3 6.99 (s) 109.7 7.08 (s) 109.9
3" - 146.4 - 145.6 - 145.7
4" - 139.0 - 138.6 - 138.5
5" - 146.4 - 145.6 - 145.7
6" 7.11 (s) 110.3 6.99 (s) 109.7 7.08 (s) 109.9
7" 166.5 - 166.0 - 166.1
-CH,- 3.98 (s) 16.3 3.87 (s) 17.0

D'H NMR spectra were measured at 600 MHz, and >C NMR spectra were measured at 150 MHz, Data obtained in acetone-ds+D;O. Assignments

based on HSQC and HMBC spectra data.

CIUS2I0| AGEs 4 Zfsf & hydroxyl 2| A7 &4

A FEE0] E2t2nE A2A] 45t A/dE oolonghomo-
bisflavan B(2)= AGEs A4 #3529 ICspzto] 13.1£1.0 pM
o= 5% S HEIGItKTable 3). SRl 29] £
o]Ad&A| 3FHEQl oolonghomobisflavan A(1)Q] 1Csgf2
8.2+0.5 MO & AGEs A/ A3l 84< Yetiglor, 3t
E 1 9 2= PR E AREE aminoguanidine(ICs:
986.142.6 uM)2] AGES A4 A3 2ol H]5) 9=t 4]
2 SISk Hydrowyl el 7% BIlIHE o
E=3}o] 9 AEQl EGCG(ICs: 56.1£1.0 pM)Eth Z2h=

o} 2|2 Al A4E oolonghomobisflavans A(1) 2 B(2)
9] ICso%to] ZF 13.3£0.6 & 22.8+0.9 yMO.2 ¥53] ASH
g &4 249 UESItK Table 3).

o)A Aol A WX Camellia sinensis)Z5-E alkaloid”}
AgE EGCG S=A7F & 5A4E 0w, 253t AGEs
A AsiedE HERHATHL 5, 2018). E3F EGCG2t
fatty acidE §H4dsto] Al AAIE lipophilized EGCG =
A7h et 333t D AR E/do] HAE It Wang 5,
2016b; Zhong} Shahidi, 2011). &£ AFoAE Exjof A&
ERE APt 23}, 4l AAE EGCG R oA 3t
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Table 3. Effects on AGEs formation and hydroxyl radical sca-
venging activities of newly generated 1 and 2 from plasma-treated
green tea

ICsp values (UM)

Compounds
AGEs formation  Hydroxyl radical
EGCG 108.1+1.21%2) 56.1+1.0°Y
1 8.2+0.5¢ 13.3+0.6
2 13.1£1.0° 22.840.9
Aminoguanidine” 986.142.6° S
(+)-Catechin® - 81.0+1.0%

YData represent the meantSD three replications.
IDifferent letters (*%) within the same column indicate significant
differences (p<0.05).
IDifferent letters (**) within the same column indicate significant
differences (p<0.05).
Positive control.
Not tested.

PEEY FRE FYSAOH, S5T Y L U B
g Uehioltt B 27149 AR 9 FEYES 5
EGCG o3| SRHEe] B4 714l tiet 9771 Zasich
1 Al

S2t20r M2|E =3t g3Ee| 4Gt

=2}0] FQ AJEO] caffeine I EGCGE} Seh2ul A&
At 78 SRR 1 2 2] tisl HPLC 245 o183t 4
FH7IE 5t HHTable 4). Ao+ caffeine®| 110.7+1.6
mg/go] R o] 3o, 20, 40 & 60 FU* ET=AF A
2l =2} W=l 108.7-109.6 mg/g?] FFO= )%
Q1 zolE VERHA] Y3kt EGCGE A 228 1 g3
150.6+1.5 mgo] T-g=o] AAATE 20, 40 L 605 B =
t2uk A2et 2} vRS-EollA 7 124.4+0.8, 87.8+1.0 L
14.7£1.7 mg/gO & ZT2ut A Al7to] F7igte] wet
EGCGY] 9tgo] #adh= S Hetigith S2=2mt A
2lof olsf Al A SRE 19] B9, 208 EFtk=nt A2

5 =3} URS-Eof|A] 14.240.6 mg/gS VER o, 605 =
etzot A2e =2} 93204 20.4+1.1 mg/gl & E2t2Wt
AeJA|7to] F7etel wet gFgo] S7Ioke A €ISk
t}. 3IghE 29] A%, 602 A2H =2} §REEA 49.9+0.7
mg/gO = caffeine Tha 22 7} Wol FiE/0] U= &
QI5tltt. =xjof| E2tRnt A2 A| caffeine®] o=
& FFE FA Fkeu, 32 el EGCGY otk A
Ao w Aasiilon, EGCGERE 3ghE 1| ¥ 271 &
Zat Ao sl AEA 8= AL s

ol ollA oS Eet=nt AHY H$ H-,
CH,OH - % CHO - 59| gjtjzo] 44go] HiEglo
(Wang 5, 2016a), &7159] F9Q lignan 4591 sesamol
ogtE & AEiolA E2tRu A Al ogE e
methylene 7}12°] 2]3t sesamol OJFA|S] 34 & 23712t
o] H11E|lth(Jeong 5, 2020). & Ao = 22 7120
oJsf Extznt A2 Al A== 2] o) w219 =8
121 EGCG olgA| slt&E2] /o] AIAE o™, AGEs
2873 Aol & hydroxyl 22 A4 B/ A5 A& A
A7 e Rl

2 o

B BHHsE A5 glelel & A7 Ssigon,
S2F FEES olekEol =21 F 20, 40 H 607 B E2=2
ok 22 - AGEs /3 Aols X hydroxyl 2z 47 84
B7FE ool ESEnE A7 Aol SRt wwh
AGEs /g Aol 4350k A3 UL, hydroxyl
Sz 27 B7HIAE 604 S2t2nt APE =4} vk
B4 1CsZko] 6.940.2 pg/mLE FAZHICso: 15.5£0.4 p
g/mL)o|| v &-53] A5 B4S UEl oo =3t
9] 8 /dE<! EGCGERH Eetxu} Ao ofs] A/
40| Hisf 2+ ZHAEETH Y 2 7|71 285t

Table 4. The content (mg/g) of individual components in green tea extract by plasma treatment times

Plasma treatment time (min)

Compounds fr (min)
0 (control) 20 40 60
Caffeine 8.6 110.7+1.6*" 109.5+1.0° 108.7+0.9° 109.6+1.0°
EGCG 102 150.6+1.5° 124.4+0.8 87.8+1.0° 14.7+1.7°
1 12.5 ND? 14.2+0.6° 18.9+0.9° 20.4+£1.1°
2 13.8 ND ND 12.7+0.8° 49.9+0.7¢

DAIl tested samples were examined in triplicated experiments. Means with different letters (“°) within the column differ significantly (p<0.05)

IND, not detected.
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H71E 9519tk EGCGY C-8 YX]ollA methylene-bridge
2 25 SRR 19) 29 [Cuglo] 82405 pMOR 943
AGEs A7 A3l @/ Yehi1en, hydroxyl 2z A&
AsNAE ICsFke] 13.3£0.6 pMO 2 735t St A7 &
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