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orbiculatus, 200 min)elA ZA Yebdth 200 pg/mL FENA tyrosinase B LUFE Z7)/(Morus alba, 94.8%),
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Abstract: In this study, we investigated the anti-oxidative, anti-wrinkle and whitening effects of 36 plant extracts collected
from self-growing plants in Jeju island. Their anti-oxidant activities were measured by free radical scavenging activity
using DPPH (1,1-diphenyl-2-picrylhydrazyl radical), reactive oxygen species (ROS) scavenging activities on ROS generated
in Fe"-EDTA/H0; system using the luminol-dependent chemiluminescence assay, and cell protecting activities using the
rose-bengal sensitized photohemolysis of human erythrocytes. In addition, the inhibitory activities of tyrosinase for whitening
effect and elastase for anti-wrinkle were investigated. The results showed that the Rumex crispus (all grass) extract has
the most significant free radical scavenging activity (FSCsy; 10 pg/ml), Plantago asiatica and Rumex crispus extracts for
the prominent ROS scavenging activity (OSCsy; 0.006 pg/mL, 0.04 ug/mL resspectively), Rumex crispus (%o 1,140 min at 50
ug/mL), Machilus thunbergii leaf (216 min), and Celastrus orbiculatus (200 min) for cell protecting effects, Morus alba stem
for the inhibitory activity on tyrosinse (94.8% at 200 pg/mL), Rumex crispus (81.8% at 200 ug/mL), Morus alba (74.6%),
and Celastrus orbiculatus leaf/stem/flower (63.1%) for the activity on elastase. These results indicated that the extracts of
Rumex crispus, Plantago asiatica, Machilus thunbergii leaf, Morus alba stem, Celastrus orbiculatus leaf/stem/flower could
have the functional effects when they are added as ingredients in cosmetics. Thus, it is concluded that further experiments
are needed to apply for cosmetic products.
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heparin, 7122 A9 L-tyrosine, N-succinyl-(Ala)s-
p-nitroanilide, £42 AMH-E tyrosinase (from Mushroom,
Sigma, 50,000 units, 12.7 mg solid, 3960 units/mg solid),
elastase (25 mg protein, 72 mL, 0.35 mg protein/mL,
7.8 units/mg protein), 4 A2 AFEE rose-bengal, free
radical A8 A}&3F 1,1-diphenyl-2-picrylhydrazyl
(DPPH)= Sigma Chemical Co.olX4 Fste] AL&314
t}. 7|8} FeCls:-6H:0E Junsei Chemical Co. AlEL,
H:0p= Dae Jung Chemicals & Metals A} A|E& A&
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NapHPO;- 12H:0, NaHsPO4-2HxO, NaCl, tyrosinase # 3l
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Table 1. 36 Plant Extracts Used for Experiments

No. Botanical Names (region) No. Botanical Names

1 Acalypha australis (all grass) 19 Morus alba (stem)

2 Achyranthes japonica (all grass) 20 Oxalis corniculata (all grass)

3 Angelica dahurica (leaf/flower) 21 Phragmites communis (leaf/stem)

4 Aucuba japonica (leaf) 22 Pittosporum tobira (leaf)

5 Artemisia princeps var. orientalis (all grass) 23 Plantago asiatica (all grass)

6 Celastrus orbiculatus (leaf/stem/flower) 24 Plantago depressa (all grass)

7 Cephalonoplos segetum (all grass) 25 Prunus persica (flower)

8 Codonopsis lanceolata (on the ground) 26 Prunus persica (leaf)

9 Ficus carica (leaf) 27 Ranunculus japonicus (all grass)

10 Hedera rhombea (stem) 28 Rumex crispus (all grass)

11 Ilex cornuta (leaf) 29 Senecio vulgaris (all grass)

12 llex integra (leaf) 30 Sonchus oleraceus (all grass)

13 Kalopanax pictus (leaf) 31 Trichosanthes kirilowii (leaf/stem)

14 Lespedeza bicolor (stem) 32 Trichosanthes kirilowii var. japonica (seed)
15 Ligularia fischeri (all grass) 33 Trifolium pratense (all grass)

16 Liriope platyphylla  (seed) 34 Typha orientalis (leaf/stem)

17 Machilus thunbergii (leaf) 35 Vitex rotundifolia (leaf)

18 Mirabilis jalapa (leaf/stem) 36 Xanthium strumarium (on the ground)
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Figure 1. Free radical scavenging activity of extract of
Rumex crispus (all grass).
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3.1. DPPH®IE 0|88t Free Radical 2+ &M

B Agel] AME-3 36714 AFRAY HAEFEES =i
gz 2A8A(FSCx)S Figure 19149 Rumex crispus
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Tro wWE goZd AA8H EXEFE T

249 33679 FE2E dg Zddzd SAALGEE
Table 2l B33t vlud oz 24840 &
FZE(FSCs 50 pg/mLoldh)2 2 Ao] Hz(Rumex
crispus), 9@ 0] % i(Plantago depressa), NE Wz
(Acalypha australis) % 6*01917 E3] AgAoldz
FEEL2 nygdzd ’\745“40] A 1/}F/P)'13}(}5‘SC50'
10 pg/ml). HREAZ ARETH FAFAQD (+)-a-to-
copherol ¥ L-ascorbic acid®] FSCx<e Z+zt 5.8 92 15
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Table 2. Free Radical Scavenging Activities of 36 Jeju

AF A4 4T FEE

Native Plant Extracts

DPPH
No. Botanical Names (FSCso,
ug/mL)
1 Acalypha australis (all grass) 22
2 Achyranthes japonica (all grass) > 400
3 Angelica dahurica (leaf/flower) -
4 Aucuba japonica (leaf) 430
5 Artemisia princeps var. orientalis 40
(all grass)
6 Celastrus orbiculatus
(leaf/stem/flower)
7 Cephalonoplos segetum (all grass) 64
8 Codonopsis lanceolata 48
(on the ground)
9 Ficus carica (leaf) 290
10 Hedera rhombea (stem) 128
11 Ilex cornuta (leaf) 100
12 Ilex integra (leaf) 131
13 Kalopanax pictus (leaf) 4
14 Lespedeza bicolor (stem) 33
15 Ligularia fischeri (all grass) vy
16 Liriope platyphylia (fruit) 135
17 Machilus thunbergii (leaf) 34
18 Mirabilis jalapa (leaf/stem) 150
19 Morus alba (stem) 120
20 Oxalis corniculata (all grass) 108
21 Phragmites communis (leaf/stem) 215
22 Pittosporum tobira (leaf) > 250
23 Plantago asiatica (all grass) 62
24 Plantago depressa (all grass) 19
25 Prunus persica (flower) T
26 Prunus persica (leaf) 189
27 Ranunculus japonicus (all grass) 242
28 Rumex crispus (all grass) 10
29 Senecio vulgaris (all grass) 141
30 Sonchus oleraceus (all grass) 348
31 Trichosanthes kirilowii (leaf/stem) 181
32 Trichosanthes kirilowii var. japonica 250
(seed)
33 Trifolium pratense (all grass) 398
4 Typha orientalis (leaf/stem) %0
3H Vitex rotundifolia (leaf) 91
36 Xanthium strumarium 76
(on the ground)
Standard (+)- @ ~Tocopherol 58
Standard L-Ascorbic acid 15

o #itst R AE B #F¢ A 185

3.2. Luminol $&HES 0|83 Fe**-EDTA/H20; Hol
AU EMAA ATHEAM

Figure 2 % Figure 32 Luminol-3}8tg#H L o] &3}
of, Tuh}E N (Machilus thunbergii) %29 %]
2 Fe"-EDTA/H:O; ANA 44" ROSS 2A%E
Z 234815 (FAd A 2AEA, 0SCx)E HoF3 9l
th & Fuh3R 9 &S 001 pg/mL, 01 pg/ml, 1
g 10
Z

pg/mL, 10 pg/mLe] FEHAA FE-&H oz 535
H3e AAAAHFigue 2). o|2REH EAMAFE &
Astedl Bag X859 FE(0SCoE 03 pg/mLE 7
&)

ArHFigure 3). o|% 22 WHo= 36F HE F=F
S oz A3 ZF7) Table 390 Wk Aot 36%F
o A8 FZ2EEY F34I3e2 DPPHHNA Y =zt
gzt 2AgARGE 88 & 248 Yehlgith 53
Hag o2 AMES HJERR C (ascorbic acid) EtHE 3
2sbs a37k WA 0SCo7t 0.1 pg/mL ©l3Hgl Aol 5
MY H QA Pittosporum  tobira, Aucuba japonica,
Plantago asiatica, Oxalis corniculata, Rumex crispus).
o]Fol A AHo] AZ(0SCs : 0.006 pg/mL) E LA o]
A%(0SCx : 004 pg/mL)E 53] F¢4tstsol g F
S & ¢ Ik Blu BAR ARG HAFAASAYD (+)-
@ —tocopherol® L-ascorbic acid®) OSCse 22 39 2
0.9 pg/mLe]SAtt.

n;‘.:
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S8

Ao g3 FE2E AERIIAEL rose~bengal
Z3] sl A A AT @ekdel] 15 min F2ALE, 'O
5 BAMLToE FEE 88 ARE W3 A
e} %@‘{é‘ii’ﬁ T 5 Ak gz g X—ig
T HE} 0% €8 AEe
2 Yeldt) Rose-bengal $lo] #&zAlgk is} A Bz
Ab §lo] rose-bengal3t @A P& HLE ¢

=
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AERZEAH0| E52 190 A gyt ‘00z &
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2333 A Z3A7} Figure 491 Yot g FEE
30 wug/mLel FEANA Aol HZ(Rumex crispus) >
Suh} L o)(Machilus thunbergii) > =93 & A/E71/
E(Celastrus orbiculatus) > EUF Z7)(Morus alba) >
el Z7)(Lespedeza bicolor) > B5 A/E7/(Typha
orientalis) > FLE/NE AZ(Trifolium pratense) &%
2 soz Bedo ot AERIEH} B HAFD
It} o]9} 2ol 50 pg/mLe] FEolA FA3 64 HE
259 i et AEZRI A 57t Table 4
o) 19} itk Table 4914 B & %0), AgPo] Az
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Figure 2. Reactive oxygen species scavenging activity of
Machilus thunbergii (leaf) in Fe"~EDTA/H0; system by
luminol-dependent chemiluminescence assay. [FeCls - 6H:0]
= 25 uM, [EDTA] = 50 uM, [H:Oz] = 3 mM, [luminol] =
1.4 mM, concentrations of Machilus thunbergii (leaf) ; 1 :
control, 2 : 001 pyg/mL, 3 : 01 pg/mL, 4 : 1 ug/mL, 5 :
10 pg/mL, 6 © blank.

100
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Figure 3. Reacmve oxygen species scavenging activity of

Machilus thunbergii (eaf) in Fe"-EDTA/HO» system by

luminol-dependent chemiluminescence assay.

(Rumex crispus), 9 Q(Machilus thunbergii)<
AZRFGHo] wf¢ A dehdrh Bl EZ42 ALES
HE 323A¢ (+)- g ~tocopherol®] rspS 79 mino) ATk

3.4. Tyrosinase X3 &4
““E}‘/‘ Ao glolx AN E A= tyrosinaseo]th o]
Ay Eo|2A0 2 HE "V—}Q% depd A 2
%, E] 24914 DOPA, DOPASA DOPAquinone, =] 3t
DHIZ®H eumelanin® 29 A3S Zof st=d #odh
o}, w2hA tyrosinased] B4 AAAEL wHE SAE
AREA E3| ztFojord FEo] Hil Qv Table 59
Figure 55 3671 4& FZEEE9 tyrosinase 84 A 3]
38 HoFn gk olF 367 FEFEE FA 6714
2R Z7)/(Morus alba), B9 AA5-(Codonopsis
lanceolata), =Bt4& n/€7]/3%(Celastrus orbiculatus),

stdEetsl A, A 3278 A 3 2, 2006

CEA - ol2e - ey

Table 3. Reactive Oxygen Species Scavenging Activities
of 36 Jeju Native Plant Extracts

Chemilumines-
No. Botanical Names (region) (OS(:arLC,eug/
mL X 109
1 Acalypha australis (all grass) 30
2 Achyranthes japonica (all grass) 1,000
3 Angelica dahurica (leaf/flower) 500
4 Aucuba japonica (leaf) 10
5 Artemisia princeps var. orientalis
(all grass)
6 Celastrus orbiculatus 65
(leaf/stem/flower)
7 Cephalonoplos segetum (all grass)
8 Codonopsis lanceolata 32
(on the ground)
9 Ficus carica (leaf) 220
10 Hedera rhombea (stem) H
1 Ilex cornuta (leaf) 35
12 Ilex integra (leaf) 400
13 Kalopanax pictus (leaf) 30
14 Lespedeza bicolor (stem) 260
15 Ligularia fischeri (all grass) 70
16 Liriope platyphylla (fruit) 300
17 Machilus thunbergii (leaf) 30
18 Mirabilis jalapa (leaf/stem) 60
19  Morus alba (stem) o . 14
20 Oxdlis corniculata (all grass) ‘ 10
21 Phragmites communis (leaf/stem) 350
22 Pittosporum tobira (leaf) 8
23 Plantago asiatica (all grass) 0.6
24 Plantago depressa (all grass) 65
25 Prunus persica (flower) 200
26 Prunus persica (leaf) 50
27 Ranunculus japonicus (all grass) 60
28 Rumex crispus (all grass) 4
29 Senecio vulgaris (all grass) 70
30 Sonchus oleraceus (all grass) 80
31 Trichosanthes kirilowii (leaf/stem) %
32 Trichosanthes kirilowii var. 80
japonica (seed)
33 Trifolium pratense (all grass) 20
R Typha orientalis (leaf/stem) 70
35 Vitex rotundifolia (leaf) 40
36 Xanthium strumarium 80
(on the ground)
Standard (+)- @ -Tocopherol 390
Standard L-Ascorbic acid %0
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Figure 4. Effect of 4 plant extracts on the rose-bengal
sensitized photohemolysis of human erythrocytes. Irradia—
tion time: 15 min, preincubation time: 30 min, [rose-
bangal] = 12 pM, concentration of extract: 50 pg/mL, €~
@: control, A-A: Prunus persica (flower), [J-01: Xanthium
strumarium (on the ground), X-X: Oxalis comiculata (all
grass), ¥-¥. Rumex crispus (all grass).
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Table 4. Effects of 36 Jeju Native Plant Extracts and
Reference Compounds on the Rose-bengal Sensitized Pho-
tohemolysis of Human Erythrocytes (Concentration @ 50
ug/mL)

No. Botanical Names Fhotonemotsis
1 Acaalypha australis (all grass) 56
2 Achyranthes japonica (all grass) 41
3 Angelica dahurica (leaf/flower) 52
4 Aucuba japonica (leaf) 28
5 Artemisia princeps var. orientalis 75
(all grass)

6 Celastrus orbiculatus : 200
(eat/stem/flower)

7 Cephalonoplos segetum (all grass) 33

8 Codonopsis lanceolata 52
(on the ground) »

9 Ficus carica (leaf) o 75

10 Hedera rhombea (stem), | 68
11 llex comuta (leaf) : 71
12 Ilex integra (leaf) 36
13 Kalopanax pictus (leaf) 39
14 Lespedeza bicolor (stem) 160
15 Ligularia fischeri (all grass) 72
16 Liriope platyphylla (fruit 4
17 Machilus thunbergii (leaf) 216
18 Mirabilis jalapa (leaf/stem) 34
19 Morus alba (stem) 180
20 Oxalis corniculata (all grass) 98
21 Phragmites communis (leaf/stem) 43
22 Pittosporum tobira (leaf) 8
23 Plantago asiatica (all grass) 26
24 Plantago depressa (all grass) 39
25 Prunus persica (flower) 55
26 Prunus persica (leaf) 30
27 Ronunculus japonicus (all grass) 24
2 Rumex crispus (all grass) 1,140
29 Senecio vulgaris (all grass) 39
30 Sonchus oleraceus (all grass) 25
31 Trichosanthes kirilowii (leaf/stem) 69
32 Trichosanthes kirilowii var. 62

japonica (seed)

3 Trifolium pratense (all grass) 118
34 Typha orientalis (leaf/stem) 144
35 Vitex rotundifolia (leaf) 31
36 Xanthium strumarium 60

(on the ground)
Standard (+)- @ ~Tocopherol 79
Control 32
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Table 5. Inhibitory Activities of 36 Jeju Native Plant
Extracts on Tyrosinase (Concentration : 200 pg/mL)

No. Botanical Names fnfibition
1 Acalypha australis (all grass) 10.7
2 Achyranthes japonica (all grass) 6.0
3 Angelica dahurica (leaf/flower) 6.0
4 Aucuba japonica (leaf) -76
5 Artemisia princeps var. orientalis 212
(all grass)

6 Celastrus orbiculatus 492
(leaf/stem/flower)
Cephalonoplos segetum (all grass) 80
Codonopsis lanceolata (on the ground) 50.3
Ficus carica (leaf) 122

10 Hedera rhombea (stem) 78
11 llex cornuta (leaf) 52
12 Ilex integra (leaf) 6.1
13" Kalopanax pictus (leaf) -1.0
14 Lespedeza bicolor (stem) 454
15 Ligularia fischeri (all grass) 156
16 Liriope platyphylla (fruit) 31.0
17 Machilus thunbergii (leaf) 10.2
18 Mirabilis jalapa (leaf/stem) 6.2
19 Morus alba (stem) 94.8
20 Owalis corniculata (all grass) -6.0
21 Phragmites communis (leaf/stem) 114
22 Pittosporum tobira (leaf) 76
23 Plantago asiatica (all grass) 5.2
24 Plantago depressa (all grass) 11.2
25 Prunus persica (flower) 6.0
26 Prunus persica (leaf) 55
27 Ranunculus japonicus (all grass) 126
28 Rumex crispus (all grass) 429
29 Senecio vulgaris (all grass) 20.0
30 Sonchus oleraceus (all grass) 115
31 Trichosanthes kirilowii (leaf/stem) 26.0
32 Trichosanthes kirilowii var. japonica 11.7

(seed)

33 Trifolium pratense (all grass) 119
34 Typha orientalis (leaf/stem) 43
35 Vitex rotundifolia (leaf) 233
36 Xanthium strumartum (on the ground) 35

Standard Arbutin (100 yg/mL) 200
Standard Arbutin (200 pg/mL) 70.0
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Figure 5. Inhibitory activities of 36 Jeju native plant
extracts on tyrosinase (concentration : 200 ug/mL).
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T 6F0lAL, 1 F aFAe] Ax FEEA & 2
gz 2AEAHE HAFAHFSCs 10 pg/mL). ¥ 2 E
AR A3 34ksA|Ql (+)- @ -tocopherol ® L-ascorbic
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Table 6. Inhibitory Activity of 36 Jeju Native Plant Ex-
tracts on Elastase (Concentration : 200 pg/mlL)

No. Botanical Names Inh(i(l))/ijgion
1 Acalypha austrdlis (all grass) 346
2 Achyranthes japonica (all grass) 217
3 Angelioa dahurica (leaf/flower) 259
4 Aucuba japonica (leaf) 169
5 Artemisia princeps var. orientalis 187
(all grass)

6 Celastrus orbiculatus 63.1
(leaf/stemv/flower)
Cephalonoplos segetum (all grass) 32.0
Codonopsis lanceolata (on the ground) 20.3
Ficus aarica (leaf) 366

10 Hedera rhombea (stem) 24.4
11 Ilex cornuta (leaf) ' 35
12 llex integra (leaf) ~ - ° -17
13 Kalopanax pictus (leaf) 477
14 Lespedeza bicolor (stem) 346
15 Ligularia fischeri (all grass) 20.0
16 Liriope platyphylla (fruit) 106
17 Machilus thunbergii (leaf) 4.2
18 Mirabilis jalapa (leaf/stem) 322
19 Morus alba (stem) 746
20 Oxalis corniculata (all grass) 20.8
21 Phragmites communis (leaf/stem) 20.8
2 Pittosporum tobira (leaf) 146
23 Plantago asiatica (all grass) 216
24 Plantago depressa (all grass) 23.0
25 Prunus persica (flower) 0.3
26 Prunus persica (leaf) 187
27 Ranunculus japonicus (all grass) 292
28 Rumex crispus (all grass) 818
29 Senecio vulgaris (all grass) 26.5
30 Sonchus oleraceus (all grass) 287
31 Trichosanthes kirilowii (leaf/stem) 96
32 Trichosanthes kirilowii var. japonica 131

(seed)

33 Trifolium pratense (all grass) -
R Typha orientalis (leaf/stem) 580
35 Vitex rotundifolia (leaf) 11.3
36 Xanthium strumarium (on the ground) 1.7

Standard Areca catechu L.(50 ug/mL) 839
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Figure 6. Inhibitory activities of 36 Jeju native plant ex-
tracts on elastase (concentration : 200 ug/mL).
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