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Antioxidant activity of ethanol extract of Lycium barbarum's leaf with removal of
chlorophyll*
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ABSTRACT

Purpose: The aim of this study was to estimate the antioxidant activities of 50%, 70%, and 100% ethanol extracts of Lycium
barbarum leaf and chlorophyll removal extract. Methods: The antioxidant activities were estimated by measuring total
polyphenol content and by assays of 2,2—diphenyl—1—picrylhydrazyl (DPPH) and 2,2'-azino—bis (3—ethylbenzothiazoline—
6—sulfate) (ABTS) radical scavenging activities and ferric reducing antioxidant power (FRAP), In addition, reactive oxygen
species (ROS) production, DNA fragmentation, and antioxidant enzyme (superoxide dismutase and catalase) activities of the
extracts were measured in hydrogen peroxide (H.0,)—stressed HepG2 cells, Results: The total polyphenol content, DPPH and
ABTS radical scavenging activities, and FRAP value of the extracts increased in an ethanol concentration—dependent manner,
The antioxidant activities of the chlorophyll-removal extracts were much higher than those of the chlorophyll—containing
extracts, Cytotoxicity was not observed in HepG2 cells with extracts up to 1,000 ug/mL. All extracts inhibited ROS production
in a concentration—dependent manner from 31,3 ug/mL and inhibited DNA damage at 250 pg/mL, The SOD and catalase
activities of cell lines treated with the extracts and H»O» were similar to those of normal cells, indicating a strong protective
effect, Conclusion: Lycium barbarum leat extracts had high antioxidant activities and protected H.O,—stressed HepG2 cells,
Since the chlorophyll-removal extract exhibited higher antioxidant activities than the chlorophyll—containing ones and the
cytoprotective effect was similar, chlorophyll removal extract of Lycium barbarum leaf could be developed as ingredients of
functional food and cosmetics,
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0.15 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-
Aldrich Co.) &2 4lo] 7lsto] FAollA A=A F, 517
nmo]| 4] ELISA reader (microplate absorbance spect-

rophotometer, Bio-Rad Laboratories, Inc., Hercules, CA,
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containing 0.5% triton X-100, 5 mM B-Me, 0.1 mg/mL
phenylmethane sulfonyl fluoride) 200 WLE Y2 & 387}
2o Aejstel FAsktdch SODBAL Az
14,000 gof| A SHE7t 994] Hajdt & A5He st SOD
activity assay kit (Biovision Inc., Milpitas, CA, USA)E A}
gkl Aot A Al et 24t
). Catalase A2 A 2SI AIEZN-S 1,000 gof|A] 15
27 Q4 BYstal AASHLS FSlo] catalase activity
colorimetric/flourometric assay kit (Biovision Inc., Milpitas,
CA, USA)E AMgato] Azsinfola Aets Aguny
o uebd Z3stsick

SAH X2

SPSS (SPSS Ststistics 24, IBM Corp., Armonk, NY,
USA)E o]&3to] SAAE stplem, A Aif= Bt
s EEAR ek 2t 2abe) kel Aolol o
3t GO ASLS YR EAMEA (one-way ANOVA)
I} A} 75 9 2 Duncan’s multiple range testE ©]-8-5}4

0=0.05 oA AAIsHITH
a4 I
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B oojo A AR whHo g ZeadS A|AgS
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e SRRIS AT AR S22Y a e 54
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(Table 1). 100% of & %—%%94 FE-2 20.5%0]% o,
223 A7 100% oehe FE2E £&2 164%=2 Z
E22IS AAR Q&) $280] 20% A2tk ETF 50%,
70%, 100%2] oet2z &3 F7|H FEFE (LLSO,
LL70, LL100)Z} 727199 100% ofgre 2&Eox Z8E

S AAT A& (LL100 Ch-)9] Z2|9| ke =43t
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Table 2. Antioxidant capacities of Lycium barbarum’s leaf extracts

Table 1. Chlorophyll a and total polyphenol contents of Lycium
barbarum’s leaf extracts

Group" Yield Chlorophyll a Total p(ZJ'IyphenoI
(%) (ng/kQ) (mg GAE“/extract Q)
LL 50 63.94 + 7.72°99
LL 70 62.60 = 5.57°
LL 100 20.5 1.194.6 140.51 + 7.45°
LL 100 Ch- 16.4 1.7 312.89 = 10.2°

1) LL 50, 70, 100: Lycium barbarum’s leaf extracted with 50, 70
and 100% ethanol, respectively; Ch-: extract with chlorophyll
removal

2) GAE: gdllic acid equivalent

3) mean = SD (n = 3)

4) Different superscripts (a-c) in a column indicate significant
differences at p < 0.05 by Duncan’s multiple range test.

Ay, LL1009) & Zdd9s $EFS 140.51+7.45 mg
GAE/g& LL702] 62.60+5.57 mg GAE/go|L} LL502)
64.74 +7.72 mg GAE/gol| Hlsl] G234 =k LL100
Ch-9] &89 =3k 312.89 + 10.21 mg GAE/gZ LL100
o] E@ulis ol tiulste] 2u) o4 =qdth
7718 FE29 gitst #d
719 FEEEY 2R AA I e =
94 AL} A4S =A% A= Table 29} Zth. DPPH
A AL =Ast A}, LL50, LL70, LL1007-%
9] IC50%-2 Z+ZF 1.01 £0.01 mg/mL, 0.82 +0.03 mg/mL,
0.34+0.02 mg/mL$ 31 LL100 Ch-w+9] IC 50352 0.14 +
0.05 mg/mLe F=§MWe] dFE =7t FoHdas
DPPH radical A2A 52 ol on Z22HL A|AHT A
29| DPPH radical 2ASAL 229 A|A A 42
Aol Blsf 2uf o] =UTE TS HHor ZAI
ascorbic acid IC50%F2 0.08+0.00 mg/mLOo 2 FZ=d
AA AlEE= ascorbic acid®] 57% $=0]%itlh ABTS
radical AAZA-E =33 A3}t LL50, LL70, LL100ZS
o] 1C503+S ZH2F 0.55+0.01 mg/mL, 0.49 + 0.00 mg/mL,
0.27 £ 0.00 mg/mLo|%It} LL100 Ch-++2] IC50%-2 0.08

Group” IC50 (mg/ml)” FRAP value
DPPH ABTS (mmol Fe (I)/100g)
LL 50 1.01 = 0.07°%% 0.55 + 0.01° 0.15+0.01°
LL 70 0.82 + 0.03° 0.49 = 0.00° 0.16 + 0.00°
LL 100 0.34 + 0.02° 0.27 = 0.00° 0.37 +0.01°
LL 100 Ch- 0.14 + 0.05° 0.08 + 0.05° 1.28 + 0.08°
Ascorbic acid 0.08 = 0.00 0.02 = 0.00

1) LL 80, 70, 100: Lycium barbarum’s leaf extracted with 50, 70 and 100% ethanal, respectively; Ch-: chlorophyll removal extract
2) The concentration in mg/mL required for 50% reduction of DPPH and ABTS radical.

3) mean = SD (n = 3)

4) Different superscripts (a-c) in a column indicate significant differences at p < 0.05 by Duncan’s multiple range fest.
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Fig. 1. Effect of the Lycium barbarum leave's ethanol extracts

(LL50, LL70, LL100, LL100 Ch-) on HepG2 cell viability. LL 50, 70
and 100: Lycium barbarum’s leaf extracted with 50, 70 and 100%
ethanaol, respectively; Group LL100 Ch-: chlorophyll removal ethanol
extract. Values are mean =+ standard deviation of three replicate
deferminations (n = 3). Different lefters above the bars indicate
statistically significant differences (p < 0.05).

LL50, LL70, LL100, LL100 Ch-&
AL H,0, TH=x]a]Fo]| uH3] YolEid, LL50S
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Fig. 2. Effects of (A) 50% ethanol extracs, (B) 70% ethanol extract, (C) 100% ethanol extract of Lycium barbarum’s leaf and (D) chlorophyll
removal extract with 100% ethanol from Lycium barbarum’s leaf on the production of intfracellular ROS level in H.O»-freated HepG2 cells.
Values are mean = SD of three replicate determinations (n = 3). Different superscripts (a-c) in a column indicate significant differences
at p < 0.05 by Duncan’s multiple range fest (*: p < 0.05, compared to treated only HxO»).
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ROS A AJeFo] 34% 7HAE|QIt} (p <0.05). LL707-0] A=
313 pg/mLe] FEHE, LLI0Z|AE= 15.6 pg/mLe]
FERE §Y51A ROS A/AdwFo] astglon 1,000
ng/mLe| FE=2 A2t o H0, ThsAf ]kl His|
ROS MAL zHzh 32%9} 33% 7rAslelet (p<0.05).
LL100 Ch- H2]ZofA= 3125 pg/mLo] &H%EHE ROS
ABdeFel FostA A4kl en 1,000 pg/mL Y wf H.O,
=2 gatel] Hlsl 36%78 %= ROS AdeFo] Hashqlrt
(p<0.05). 3+ LL503} LL100 52 250 pg/mLe] 5=
Hg, LL703} LL100 Ch- 252 500 pg/mLo] e
L5 1,000 pg/mL 2] iEWW ATl A K {9
ShAl W ROS AAE HOIZIT} (p<0.05).

DNAQ| AtSIN AA HS S}
719 E=EZEE0] H0.4 7] w2 HepG2 cell?]

DNA 48 2358 o= Q=] dolE 1A} single cell gel
electrophoresis assay (Comet assay)S AAJSE ZAil=
Table 3o LEFH QI 919 ROS A4 oA & Ae 4
oh E BN FEE 1 625wl oI A
ol HYomg 625 ug/mlsret 231 %=l 1,000 p
g/mLe] F7F 1Rl 250 pg/mLz A|Eo| FEEL A els}
o] DNA &4 nx = a2 HESSIch HepG2 Al
ol bOE Aokl ull /Aol sk tail DNA
= 31.6 %, tail length+= 51%, tail moment= 71.1% %7}
aFTh (p <0.05). LL50 2L A tail DNAX H,0; T
Ex] 2]} H|S=25F oL, tail length+= 36%, tail moment
= 46% gtk LL70 A2t H0, G| 2ol
H] 3] tail DNAZ} 28.5%, tail lengthi= 26.8%, tail moment
= 44.3% A3 H0, TEA ol v]sl LL1007-
9] tail DNA, tail length, tail moment= Z}Z} 42%, 29.2%,
49.5% ZFAskon LL100 Ch-w9] 79 ZHzF 23.5%,
31.6%, 55% zraxshqlty ey 35 8o sl uE
ZFoJuk LL100 3} LL100 Ch-+7Fe] 2pol= = R] oF
okt

Table 3. Levels of DNA damage expressed as tail DNA, tail length,

leaf extracts

stAtst SAEN

H.0, 422 ABha AEdAS &
“719] A BASE ke SR15p] 5 SOD 25
I} catalase 43S SA¢H Aik= Table 49} Zt} SOD &
R =Ae AT, AAHRZRT (14.84+045 UmL)o] H]
3 H,0, THEA]2]5L] SOD B (5.57+1.68 U/mL)e
60% B wolzlow, 7719 RS WAHe nE 2
21 50D 298 el Ao} ge ez 2
At} (LL50, LL70, LL100, LL100 Ch- o+ Z}Z} 15.57 +
0.53 U/mL, 15.41+0.54 U/mL, 15.49£0.63 U/mL, 15.41
£043 UmL, p<0.05). =3+ 77| 2522 At 7
2 74 Aol wolx| epgkor) FmeH A7 Aol A}
o]k Ho|x| gttt Catalase B2 5743 A3}, 44T
23 (271.18 % 19.35 nmol/min/mL)o] M]3 H,0, TH=X]
9] catalase Al (191.51 £26.98 nmol/min/mL)©]
29% Holglon, H7Y FEES W AU e
o 4] catalase Z/Jo] FJsHAl =obxlch (LL50, LL70,
LL100, LL100 Ch- <+ ZFZ} 325.18 +32.27 nmol/min/mL,
324.51 £ 35.60 nmol/min/mL, 292.29 + 22.72 nmol/min/mL,
252.07+41.22 nmol/min/mL, p<0.05). E3F LLS0ZT}

25 HepG2 celloj| A

Table 4. Effects of Lycium barbarum’s leaf extracts on the
antioxidant enzyme activities in HepG2 cells

Group” SOD CoToIgse
(U/mL) (nmol/min/mL)
Normal 14.84 + 0,459%9 271.18 = 19.35®
Control 557 + 1.68° 191.51 = 26.98°
LL50 15.57 + 0.53° 32518 + 32,27°
LL70 15.41 + 0.54° 324,51 + 35,60°
LL100 15.49 + 0.63° 292,29 + 22,72%
LL100 Ch- 15.41 = 0.43° 252.07 + 41.22°

1) LL 80, 70, 100: Lycium barbarum’s leaf extracted with 50, 70
and 100% ethanol, respectively; Ch-: chlorophyll removal
extract

2) mean = SD

3) Different superscripts (a-b) in a column indicate significant
differences at p < 0.05 by Duncan’s multiple range test.

and tail moment in HepG2 cells with or without Lycium barbarum’s

Group" Tail DNA (%) Tail length (xm) Tail moment
Normal 10.35 + 0.859%) 7.64 +1.10° 1.27 + 0.35°
Control 1514 +1.17° 15.13 + 1.89° 4.40 = 0.91°
LL 50 14.06 = 1.05° 9.55 + 1.14° 2.37 +0.42°
LL 70 10.81 = 0.95° 11.07 = 1.38° 2.45 +0.57°
LL 100 8.78 = 0.80° 10.71 = 1.80° 2.22 + 0.65°
LL 100 Ch- 11.58 = 0.87° 10.34 = 1.14° 1.98 + 0.3¢6°

1) LL 50, 70, 100: Lycium barbarum’s leaf extracted with 50, 70 and 100% ethanal, respectively; Ch-: chlorophyll removal extract

2) mean + SD

3) Different superscripts (a-b) in a column indicate significant differences at p < 0.05 by Duncan’s multiple range test.
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St Wl DNA Qo2 RE AEg Hoskes ads B
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400mg/LE A 2|3t A1k, ROS 2 AI3}A Q] AEH A0 4=
Zo] oF 30%HE GolslA] ATt st 2 o
7T, T AME T THAe} SASE B2
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T AIZE A 2EYARRY BT 4 9132 &Rt
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A A 79 MRk GARE FAsRsS Holn gigiet.
Z2EoA AH 2A3 JAEEe Z22T AA AR
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