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1 ZE: KR Folin-Bar ik 2 AASK A (S1 A= S2) ZASKAH (T, T2 = T3) R E AU BErAeLs S0 R A8y
ZEr A E. KA HPLC F40 S BRI P LR TR, SR80, wfk ik FROLE. RN, #HTREL
LRt ZE AR A (COH) /54 DNA A FG0RPER. 4R 2T, RELAFBHIH LSRRG
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Hydroxy Radical Mediated DNA Oxidative Damage Protective Effect
of Polyphenols from Lycopus Iucidus Turcz. at
Different Harvest Times
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Abstract: The phenolic content of free and bound phenolic extracts from Lycopus lucidus Turcz. harvested from two sites
(S1 and S2) at three different times (T1, T2 and T3) was determined by Folin-Ciocalteu method. The content of gallic acid,
chlorogenic acid, caffeic acid and rosmarinic acid in the phenolic extracts was detected by HPLC. Meanwhile, the
protective effect of polyphenolic extracts on -OH mediated DNA oxidative damage was evaluated. The results revealed that
the phenolic contents of free and bound phenolic extracts were in the range of 86.53~181.40 and 89.70~193.58 pg GAE/mg,
respectively. Higher amount of caffeic acid was found in the bound phenolic extract and the content of S2 L. lucidus Turcz.
was higher than that of S1. Where as higher amount of rosmarinic acid was observed in the free phenolic extract.
Furthermore, the rosmarinic acid content in S2 L. lucidus Turcz. was higher than that of S1 at T1 and T3. On the contrary,
lower rosmarinic acid content was detected in S2 L. lucidus Turcz. at T2. The contents of caffeic acid and rosmarinic acid
varied greatly with the harvest sites. The percentage of DNA double helices of free (25~300 pg/mL) and bound phenolic
extracts (3.125~50 pg/mL) were in the range of 1.81%~55.04% and 1.67%~70.83%, respectively. The DNA damage
protective effect of bound phenolics was higher than that of free phenolics.
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HAw R B, nT LA SRS . SR . IE2S. DNA
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P o 3% 5 1R 7E B B b i & B o DB SR AR
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SURETHERY T A R S RYE, R DNA #4755
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1 MRlEREE
1.1 MRS

HEZS RA A EYNRETREA (S
2 A (S2) = A~ R UKCHA (T1: 2016/11/28; T2:
2016/12/27; T3: 2017/01/27) FUBTHEERE S, WFUE, W T,
By e, i 60 H i, —20 °C ¥ 45 s pBR322 Jii ki
DNA(0.5 pg/ul) . WIMERR | L8508 . PRiEHIR ., WE
FHR. Folin-Wia5f, Trolox #AR4liE = 99%, Sigma-
Aldrich 23 F]; i B EE 32 Fisher 28 Al HE

XA Ry = AT Al

Scientz-18ND B .45 IRl T2 4
PRI A RS W5 V-T3 0] WA CEEET W2
AT (i) A PR Fl 5 Agilent 1200 (=280 FH
W% Y A1 Agilent ZORBAX SB-C,, il A1 3¢ &
Agilent 23 7] ; DYY-6C I XUEa 52 B AL ik {CFll WD-
9413C RBUBERS UG /7T HR=Ge  dbmis—FBHE AT
B H] o
1.2 XWFEE
1.2.1 W4 S35 30k [31] IR T
W FNS, G i R TSy SR IBUEBR: 5.0 g Hi e
2043, 80% FESHEFS AN (37 °C. 500 W)FZHK 3 ¥k
(10 min/AR), G IFIEUK, iEZE, WA /KAHVE pH = 1~
2, LR ZERFEIN 3 IR, B I LR L TaAH, EZ%, Tlaxsk
FEIVR T, AR S Iy PR )

ZEG T I BRI B B HCSE U B 9 5 U A, B
ZHR 7, NaOH(2 mol/L, % £ & U LB Fidfi 2l 3%
C), EIRBOCEZ /KM 4 h, V8 pH & 1~2, HIUE, 18K
LR TEHB 3 IR, &I LR LT6AH, ez, 475k
YR, AREE G HEEY)
1.2.2 ZWEaEmIE SR Folin-fyaill = l>, 43
B EL 0.00, 0.08, 0.12, 0.16, 0.20, 0.24, 0.28 mL
100 ng/mL & & TR UER I T 10 mL H 33045
H1, JII A 100 pL Folin-F3 i3, #2244, 3 min J&, A
2 mL 7.5%(w/v)Na,CO;, ZE1H/KEZ % 5 mL ZI B
Rb,IRAD, BN S N 40 min, £F SN 45 R 5 T
760 nm AL E G . LAV T IR UK E M A AL BR,
AW AR, 25 hIbRUEINZR . 57 & T IRbRifE
£ J7 F2 R y=0.0965%+0.0974(0~6.4 pg/mL), FHE
FE RP=0.9917, FCHi— & W 5 1) b 21 25 5 AN 4%
B FEEUFF I, 43 EL 0.1 mL, $#%_FiR A5,
M H W h . 220 O e I S5 R LA B T IR A
R IR T E RN (ug GAE/mg) o
1.2.3 HPLC 5r#récf  Ai%At: Agilent ZORBAX
SB-Cg a3 £ (5 pm, 250 mmx4.6 mm) ; i £ :
1 mL/min; #3&: 30 °C; FEAFEEL: 10 pL; B % 1<
320 nm. FLBIAH A: 100% B FF i AshAR B: (Al
FPE: VK22 - H,0, 10:1:89,

S S T NS S B S VR A LR 1.

# 1 HPLC BV

Table 1 Gradient elution conditions of HPLC

A ] (min)
16 18 30 35 40 43

Zh Wit (%)

) A 85 85 75 75 70 60 80 85
= B 15 15 25 25 30 40 20 15
e A 80 80 62 62 40 40 80 80
B 20 20 38 38 60 60 20 20




544 5 1)

ARG, A RRERIOY SR A th A T8 DNA AR R RIS 121 -

DIGETETRR OY ) G AR, DA EE (C) S e bR, TENIFES
B 25T, Y B FIR . SRR . 2R IE IR FIHE
R i [ U 7 B2 43 508 Y=1.915C—2.19( R?=0.9929,
10~50 pg/mL) . Y=31.786C—154.62( R>=0.9936, 10~
50 pg/mL) . Y=20.75C—335.16( R’=0.9985, 40~
200 pg/mL) Fl Y=65.704C—989.22( R*>=0.9925, 40~
200 ng/mL); LSS RVEBSAE T, B TR . SR
1R . 2RI PRI ERR A [T 7R 53518 Y=1.975C+
1.01(R?>=0.9964, 10~50 pg/mL). Y=30.683C—136.23
( R?=0.9982, 10~50 pg/mL) . Y=14.186C—54.828
( R?=0.9914, 5~40 pg/mL) Fl Y=53.679C—166.8
(R?=0.9934, 5~40 pg/mL) . FE & P&/ A 5E g5
VIt e 22 ra SR HU 3R (ug/mg) -
1.2.4 ZEY DNA S48 i3 1E F ad i &
22 Jeong G0 WA TN E . HARERE R

.1 pL Bk DNA. 10 pL 10 mmol/L pH7.4 PBS.
Sy M AN 5 pL Ui RS By i WE (25, 50, 100, 200,
300 ng/mL) | 45 & Wi W (3.125, 6.25, 12.5, 25,
50 pg/mL) CIEH M LH N 5 nL PBS), Fo431R
5], in A 2 uL 1 mmol/L FeSO, A1 2 pL 1 mmol/L
H,O,(IEH# 4K 4 uL PBS), 37 °C 7K#F 30 min, HX
H 4 pL, JTA 2 pL loading buffer, 147, W HX 4 pL,
INA 1.0% PUEISHHEERE Tris/Acetate/EDTA 22 ik
FHHL YK 50 min, BERE R R GEME K EEAE . ##% F X
THEDSUERTE 43 Ll AUBRTIE 43 1 (%) =G1/(G1+
G2+G3)x100. ZUH: G1. G2 Fll G3 4351 Ry BUEE |
JF 3R FN£L Pk DNA 19 J8 B2 {8 5 LA Trolox( 25, 50,
100. 200, 300 pg/mL)AEA BRI RE
1.3 HEAIE

JIA SR HEPPA TN AE 3 IR, 20dE FH - B E AR TE
2%(X£SD)HFIR, K SPSS22.0 Grit#f ANOVA
PEATLH A] 5 P 22 SH AR 50 . BT B A3 AT R4 T FE AR ) L
NWAGESF Pearson A TAHI= M43 -
2 RSHH
2.1 HESZMHMERMINSEEE

ARSI = ARG %) B S 2 iR B i £
B SR 2, HESUEE AL & R i £
15 S VU2 1M 86.53~181.40 F1 89.70~193.58 ng
GAE/mg, H. S2 SRINHb IS T S1o AN[EIRySchb i Hy

#2 HMESZHRIRYINZ TS 5 (ug GAE/mg)
Table 2 Polyphenolic content of extracts from Lycopus lucidus
Turcz. (ug GAE/mg)

_ ERvel

ZEPEIRY) Rl
T1 T2 T3

> S1 86.53£1.52°  108.86+1.31"  120.41+4.03°
TFE .

S2 181.40+1.83°  173.63+2.56°  127.51+1.83"
A S1 89.70+2.53"  116.60+2.58°  108.73+0.74"
e

S2 193.58+2.93°  170.78+2.20°  177.51+3.66"

TE: [J— A7 AR TR R R [ — RO AN R SR e 22 e BAT S22 8 X
(P<0.05)

S B I A2 S I T RG22 1 & s
PAFAEZE S SRS 5, S1 RIS iy i B 2 2
B T1<T2<T3 (S, i S2 SRULHLAY S B T3<T2<
T1 HaH FRES G S, S1 SRUCHL Y 7 2 5 )
TI<T3<T2 MY A%, M S2 SRINCHh A% S B T2<T3<T1
AR SR IR SG 1 SR ISCHB AR ISP X 22
M PRI 22 Wy 5 B s ne) LA S P DRI 2R S8 5AE T, 4%
UL 3 RN 40w RS, 2 WS A5z
FISRISHL RSP A 5200, [R] 332 2 P A 2R g []
A HAEH: RS G =, 2 W & 552 BRI Y
S AP N R AL RISZ AR . S 25 R
SACEIA AT KN AR A (PAL) | &R
BIHFFLEE(TAT) | PIHEIR-4- 2L LN (C4H) | 1y
SFALBE(PPO) A . AN [FRIKHE B B S A RS f b
THEE)-E ICESE TR  PAE  A= R A AN TR], AT ) 1
B B AN SS S G S A R, B A AN
[FIRMIH 2 19 B B AR 22 570
3 RN X BB 2 5 1 $ ) 22 19
G IS RN IR v s
Table 3  The test of between-subjects effects of collect sites and

harvest times on the polyphenolic content of free phenolic
extract from Lycopus lucidus Turcz.

i NS M ARE B F B
B IERR 20531.619° 5 4106.324  4106.324  P<0.01
HE 317875.538 1 317875.538 317875.538 P<0.01
SRelii 13734.874 1 13734.874 13734.874 P<0.01
SRl 855.609 2 427.805  427.805 P<0.01
KR 5941.136 2 2970.568  2970.568 P<0.01
R 12.000 12 1.000
Bt 338419.157 18
BIEFET 20543619 17

s AR B R IR B £ 1 & &, R=0.999 (JA%£)5 R*=0.999) ,

R4 RWCAIRNIPIR BB S 255 W ) 2 19
BRI LRI AG S
Table 4 The test of between-subjects effects of collect sites and
harvest times on the phenolic content of bound phenolic extract
from Lycopus lucidus Turcz.

bt NEZEFHM HlE 7 F M
B IERER 27699.258° 5 5539.852  5539.852 P<0.01
R 367138.805 1 367138.805 367138.805 P<0.01
Paleiin 25728.193 1 25728.193  25728.193 P<0.01
PRt 13.436 2 6.718 6.718 0.011
KUK 1957.630 2 978.815 978.815  P<0.01
R 12.000 12 1.000
Bt 394850.063 18
BIEFET 27711258 17

e A 45 A TR B 21 & &, R*=0.999 (%4 /5 R*=0.999) .

2.2 HESZEIMEERYIP ZEMERA HPLC SH74ER

HRA AT AU ST 4% L0720, SR HPLC Al 1 Hy
B2 ZZ PRI v DU PR 4 AR i (A R
DL 1. PTLCE Y, 456 4055 B i g 22 i
By, HE TR ASR R PR TE T A ARl YR K H o
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WP A B s P I A Y, RS Ay h
FI & BEIEEN 6.53~44.29 png/mg, PR IETIRAEDE S 1)
A5G h i S e 4350 40.43~77.64 Fl 1.93~
5.32 ng/mg(3K 5), FHMMERR LS & b & =30,
MEIEFRAENES W P SRS Ak, AR
[ — R WA SU Ui 25 By AP 2355 5 173 U H AP P AR K 3
R AT HEKEASR], S2 RNl HY 5 2 v B R
FriE T S MR IEFRAEFE M, T1 A1 T3 SR
1, S2 SR = T S, AR AE T2 SR, S2 “Rilk
HEILTF ST, FESS &b, = RIEAEIN S2 Rk
Huf T Sl XAP 255 n] JA TR i
MERR F 2 12 A PR A R RS AR KO R T & A i
Wi ANE]
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Fig.1 Representative HPLC chromatograms
TE: Ar STRWGHE T1 RO A7 25 855 B: ST RN T2 SR
HEIEE 5 1ys W 1: PR 0 2: SR IE IR

5 A S LRI ok TR FIMIMERR Y
(ug/mg)
Table 5 The content of rosmarinic acid and caffeic acid in
phenolic extracts from Lycopus lucidus Turcz. (ug/mg)

B Kkt
Zh e Rilon
Tl T2 T3
S1 3.21x0.12 nd nd
AR . . .
e S2 3.31+£0.78 3.46+0.09 3.2240.56
b S1 57.72+1.19°  77.64+0.87° 40.43+£2.21°
LT ,
S2 68.41+£1.88" 57.50+1.54" 77.08+2.05°
" S1 6.53£0.54"  14.34+1.19° 10.45+0.87"
L 44.29+2.08" 31.50+1.88° 31.6640.63
o
S2 5.32+0.78 2.43+0.09"  2.96+0.48"

T “nd” TR R WA AR RN [ — SR AR W R O 22 57 2L
HGiFE L (P<0.05)

2.3 HESZEMHIEUIRT DNA S HGHRIFP{ER

MBS B 1 RN S A 1 B U X DNA Skt
B4R VE A B I 2 FIEl 3. 1EH 1) pBR322
JERE DNA £ A SUZUie 45 4 (K38 1), #%-OH &4k
PG00 DNA, FZ PR LTRSS (UKl 2) . 5
W09 DNA AHEL, BRI T RS 2 W Y s,
DNA XU 5407 2 B S v 55 (UK IE 3~7) . 9P
ViR 40 BT SR DA SR 13 43 b (%) A TR A4E,
(B, FEBA PR SRR AT

FE 25~300 pg/mL TS PN, HELS T B i e
BUXT DNA E AL A R VE B SUEiE E 43 Lkl
o 1.81%%~55.04% (&l 2), HAFERIHLLR P E
JHASTE] w S1 M, HOSURHE 43 ULl 3.99%~
49.15%, HANE:R AR VE A AE 28 55 T1 SRR
A SR HE 77 53 LG LA 8.29%~49.15%, H 5L Hi 4
T Ja BRAR T fE S TS, 2R BE M 25 pg/mL
e E 50 pg/mL B, LRIPFEFH W&, St m 2
100 pg/mL Bsf 52 1fif SLREAG, 32— 20 PN 100 $2 & 2
300 pg/mL B, CR4P7EFWZ R & T2 SRIBHIIRL
WERE T 43 LUTE 3.99%~32.33% JEEIN, HAE 50 pg/mL
B, BRIV B T3 SR A9 XU TE B 47 E Y 6
h 8.66%~44.78%, 4 Ut B M 25 pg/mL 2 & E
50 pug/mL B, SRPVE B W N, Mk R &S E
100~200 pg/mL B}, SR4P4E i 250w, Hak Bk,
1B 249k B 3 — 235 & 300 pg/mL B, PRI VEH 2
TG o 5l S2 1, HOAWRGE E 4 HAEFEEy 1.81%~
55.04%, H A ] R WO £ 40 48 TR BE A7 7 25 575
T1 R W 04 SR E 5 43 L YE Bl A 6.84%~50.19%,
MR EE M 25 pg/mL 275 & 50 png/mL B, AP VEH
Tl AR, MRS S 100 ng/mL B, A EH
ST, R BEE TR AR IR IR AR T2 SR
SRR iE 43 EEAE R R 30.14%~55.04%, £R47 4
JFHBE B (8 i S SRS T, TS PR
ARAL i E; T3 SRS SR HE B 43 ELIE A 1.81%~
50.10%, BRI VE HH B 5 132 n0 3 s S B S T e Ja e
{2 fbda3ty, 76 50 ng/mL B, AR E B .

TE 3.125~50 pg/mL WENLE N, W S555 1)
FEHCI AT DNA S AR5 (4 7 FH 0 XSS iE 5 41 bt
YEER 1.67%~70.83% (& 3), SRS EMAH{LL, ASF2R
WHBAR S VE SIS . 5t S1 15, FEXUEE & 43 Lkl
Flo 1.67%~45.36%, HASFIRIBGHLR Y E A EZE
55 T1 RO 9 DR TE E 53 FLTE 4.68%~45.36% 1
PN, ELRERE R 2 g i S B e T s Ja AR i e ST
B R, 78 6.25 ng/mL B, AR 3 AE i B Ok
T2 SRUSIHH XU E B 43 FLAE 1.67%~5.94% (1], JL
“F-ICARYWE; T3 SRUSCHY RUEE & 43 EEAE 2.56%~
39.99% JuEIN, H 2 ISEREARE T fa S RERm
FEF, AE 25 pg/mL B LRIFVE AR Bl K. it S2 1
&, FBUERE A 41 LEYE Y 3.03%~70.83%, HANH]
SRISCIA LRV [RIREAAAE 25 575 T1 SRISUYT i SUIS e
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Fig.2 DNA oxidative damage protective effect of free phenolics from Lycopus lucidus Turcz.
T A~C 10012 S1RCH T1, T2 A1 T3 B ESY; D~F 20532 S2 SRUCH T1., T2 Al T3 (97 B ; PKIE 1. 1% /) pBR322 FOkE
DNA; ¥kif 2: FeSO,+H,0,+pBR322 [fiki DNA; ¥ki 3~7: 25, 50, 100, 200, 300 pug/mL Hi 7S &l +FeSO,+H,0,+pBR322 [t

B DNA; AN [E TR 2 5 BA G243 L (P<0.05) .



- 124 - & Tl B 20234E 1 A

>
)

120-
100{ &

JFH
2t
AL e
i
2tk
R iE

KRS A 53 L (%)

™
)

1204

KU F 43 L (%)

C2 1204
Cl ¢
1 2 3 4 5 6 7 gi 100
=
£ N
Tie %
B
=

1204
100+

O
s}

PiEad

Atk
AU E

WUIE 5 43 He (%)

1204
1004

o
jes
(S

e e S R b gﬁ
- - — e

WUIE 1 43 HE (%)

&>
&

120-
1004 &

KRS A 53 L (%)

UkiE

K3 HhESELEN DNA FALig s 1 m
Fig.3 DNA oxidative damage protective effects of bound phenolics from Lycopus lucidus Turcz.
TE: A~C 439020 ST SRYICH T1, T2 A1 T3 f9%5 4 s D~F 4351 S2 Ritsh T1, T2 1 T3 Y454 B; TkiE 1. IE% (9 pBR322 iUk
DNA; Jk ifi 2: FeSO,+H,0,+pBR322 Jii ki DNA; VK il 3~7: 3.125., 6.25, 12.5, 25, 50 pg/mL M 5 2 45 &5 W} +FeSO,+H,0,+
pBR322 ik DNA; ARIFH:FIR 22 7 BHA i L (P<0.05) .
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E4YEUAE 3.03%~51.87% JL I, Bl A P =
P Ve 2 ISR AR S T e SRR A s, A
25 pg/mL B}, PAVE TR TS T2 SRUKIHA 69 DR EE &5
SFEUAE 17.71%~55.94% N, REEH 3.125 ng/mL
PSR 6.25 ng/mL B, CRYWEH 3R B, dk2iditm
% 25 pg/mL B, RIPVEFAITC b F P22 5, F— 21
iz 50 pe/mL B, CR4PVE T W2 48 e Hak B &k
T3 SRWMCHH 14 AR E E 43 LU AE 15.87%~70.83% YL
P, S AN 3.125 pg/mL #2755 & 25 pg/mL A, £
PR R B, A0 2k B AR SR = & 50 pg/mL
Bk, ARV FH T e 2 R

HAVEKR-OH FES Fe’ BEIib&4, X -OH
S50 DNA gy, #ios o th—E R E
ISR PR AT I Z R rhaE R S R bR
e BT EHR AR Z IS LSy, X ey o R
HA IR E RIS F RIRE SIS0 eAh, 1y
PR H 945 B4 =2 B DNA #4055 A9 /e FE aT
AEAFERSPLS R e R . DRI, SRS 2R )
X} DNA S A0 R VE AR S8 SR S AORsn

BHPEXT B Trolox X DNA S Ak45 455 54 VE
DLIE 4, TEHRIEE 25~300 pg/mL 76BN, HOBUEE 43
FEIE BN 53.27%~77.28%, HLHJE BT, {543l 5B
4. 5 Trolox #H Y, 7E 25~300 pg/mL ¥ 35 [F Y,
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