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Abstract

In this study, Ledum palustre L. was extracted by 4 different methods (LPW, hot water extraction; LPA, autoclave
extraction; LPU, ultrasonification extraction; LPE, 70% ethanol extraction) and LPE was fractionated by using polarity
difference of each solvent and used as 4 samples (LPE/H, the n-hexane layer; LPE/E, the EtOAc layer; LPE/B,
the n-BuOH layer; LPE/W, the H,O layer). Antioxidant activities of Ledum palustre L. extracts were measured
by DPPH and ABTS. As a result, the DPPH and ABTS radical scavenging showed high activities with LPE (82.3%,
99.8%) and LPE/E (91.8%, 99.6%) at the concentration of 1,000 ug/mL. The anti-inflammatory activities of LPE
and LPE/E were measured by the inhibitory activity against NO, PGE,, TNF-q, IL-13 and IL-6 production on
LPS-stimulated Raw 264.7 macrophages. As a result of MTT assay, cell viabilities of LPE and LPE/E were more
than 90% at 25 pg/mL. NO and PGE, productions were inhibited by LPE (NO: 50%, PGE;: 70%) and LPE/E
(NO: 57%, PGE;: 73%) at the concentration of 25 pg/mL. The inhibition activities against TNF-a, IL-13, IL-6
production were 24%, 47% and 40% at the concentration of 25 pg/mL of LPE. In particular, LPE/E showed 51%,
57% and 62% inhibition activities at the same concentration, respectively. From the above results, it can be concluded
that 1,000 pg/mL of LPE and LPE/E have the high antioxidant activities similar with Vitamin C, and 25 ng/mL,
the low concetration of LPE and LPE/E have excellent anti-inflammatory activities. Therefore, if more research
about anti-aging, whitening and antimicrobial activity of Ledum palustre L. extracts is caried out in the future,
it will be possible to use them as effective materials for the prevention and treatment of inflammatory diseases
and in the areas of functional foods and cosmetics.
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Table 1. DPPH radical scavenging activity of extracts from
Ledum palustre L.

(%)

Concentration (j1g/mL
Samples (hg/m) RCs
10 100 1,000
1374232 410432° 7524220 2721419
195£19°  414#05° 792408 242.11.1
Ultrasonic wave extraction  29.9+1.1°  38.1#1.4° 81.0+1.0%* 28154038
70% Ethanol extraction  192:0.7  434205° 823:13 197.2:24
Ascorbic acid 245:05  475t09" 902+08° 1353+1.1

DAll values are mean+SD (n=3).
»Means with different superscript mall letters within sample groups are significantly
different by Duncan’s multiple range test (p<0.05).

Water extraction

Autoclave extraction

DPPH BiCig 27 &4

DPPH= 31814 0 2 P8k free radicalS 7HA 3L Sl&
84 24 & ascorbic acid, tocopherol, polyhydroxy &k
= e Tl ofal FdE o] e Aol dAE =1,
o] AL thekst A aAZFY gikst EAE A=
Ho] o] 8% 1 SITtH?27). reactive oxygen species(ROS)+
AU o] 71l ofel] i A AR jE A A A K
75 A RAET A& vhgste] Tzl o] vi/d ol
AAERe] 24 ZHiksl DNA 7% 55 do7|H, Al U2
P AY ER/RE Sl ol d XA HAEES 2R
radical B8 EXIAIA 7+ Aghe] Ulo= 2Hg- st
28). & dAFeddE F2UHE 223 A FEE
7V BIE 95428 0% olebe FEEC Uid 4784] S
8=9] DPPH 2tz &7 45 S48tk =W
o W 471X FZ52] DPPH radical &7 €/J-2 Table
17} o] UEbsith. DPPH 2tz 427 24/3-2 1,000 png/mL
F%oA LPE > LPU > LPA > [PW &0 & =% Fglom,
7 S48 2445 UERd LPERHE Suf EEE9
DPPH glt|Z 47 84S 43 25 1,000 pgmle] =
oAl LPE/E°] 91.8%°] @42 YERHUIL RCsowk-2 43.5

Table 2. DPPH radical scavenging activity of solvent fractions
from Ledum palustre L.

(%)

32 A244d ATE (2017)

ngmlLO.% ZA¥o), vitamin C2] 2}t]Z 27 BT G4}
3 242 Ued S 89 & 4 IITHTable 2). o2&
Azte QE FEE] 1,000 pg/mL FENA 65.6%°]
DPPH &}tz 47 €4S Yellle 239t -3t
PAS UERglon], B BHL B AT P B 2F
29] o QolAelo] = P2 5197 pgmLe] RCxek
MEES F9 & F Yk
ABTS 2oz &7 &4

F718mjol &35 DPPHE A 35tEe] itsl
Hs S ofelgcl douh, 2,2-azino-bis(3-ethyl-
benthiazoline-6-sulfonic acid) diammonium salt(ABTS)©
645, 734, 815 nme| 3G A Hjo] FFEE T BE
F2E 169 Aol o] o] 3 45}¥|o] DPPHOIA
Ho} e kst s 34T 5 dvka ZRaEHATAED.
ABTS+ radical cation 427 242 ABTS®} potassium
persulfate©}2] WH3-© & ABTS+ - radicalo] A& ™ 57
o] Al &5 HA =™ hydrogen donating antioxidant
9} chain breaking antioxidant =55 =73k 4= it} ABTS
Sz 27 DAeAE Wakate] S 2ejd 47}
2 FEE o S WA SHelen, 1 dde
Table 3914 YebA A7 1,000 pg/mL F=|A] LPE >
LPU > LPW > [PAsC 2 &% %%l o 1PEQ] 4% 713
=L FE2 1,000 pgmLe] FEolA 99.8%2] E& ABTS
g 27 A2 et ol R 12kt =
£9] 5 mgmLe] FXolA 90% ©]/de] &S vEhd A
BGhET O ¢ Y-S 29 & F Ui FEE
= 7V =& @9% Uehd LPEY] §v) £ Eo| tistd
ABTS 2tz &7 245 349 23, 1,000 pgmL 5%
oA LPEE > LPEB > LPE/H > LPEW A 2 S35l o
™ LPEE 9A] 1,000 pg/mLe] FEolA 99.6%2] =& AA
gAiJo] Felr]o] M7 FehE 2559 1,000 ng/mL
FolA 8% w2 a7 2EE)H Bl Al Ak 24
= AT ¢ UATKTable 4). o2 35 B2 7P

Table 3. ABTS radical scavenging activity of extracts from Ledum
palustre L.

(%)

Concentration (j1g/mL)

Concentration (ug/mL)

Samples RCso
10 100 1,000
Hexane fraction 274170 376210 832413 364213
Ethyl acetate fraction ~ 480:0.9°  627+L1' 918:15°  435:09
Butanol fraction 362¢1.0°  528+1T 80616 927409
Water fraction 202:16° 283423 68722 5427+14
Ascorbic acid 245105 475:09° 902408 135311

Samples RCs
10 100 1,000
Water extraction  124:1.6"”  406+41°  921£27° 2515108
Autoclave extraction 118227 392436  863+13%  273.9+25
Ultrasonic wave extraction  12.0£0.9"  45741.9°  98.7+24°  158.5:24
70% Ethanol extraction  9.4%0.5° 50.5£2.5°  99.8+2.7 143517
Ascorbic acid 182+09"  497422°  993+17  156.5:15

DAll values are mean+SD (n=3).
»Means with different superscript mall letters within the sample groups are significantly
different by Duncan’s multiple range test (p<0.05).

YAll values are meantSD (n=3).
Means with different superscript mall letters within the sample groups are significantly
different by Duncan’s multiple range test (p<0.05).
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Table 4. ABTS radical scavenging activity of solvent fractions
from Ledum palustre L.

(%)

Concentration (uig/mL)

Samples RCs
10 100 1,000
Hexane fraction  102:09"2  479+41°  975$5.1° 178242
Ethyl acetate fraction  26.1:1.1°  649+32° 99647 250122
Butanol fraction 168+20°  503+19°  983%25 168529
Water fraction 78408" 64712 80724  3670:15
Ascorbic acid 182:09"  49722°  993:17  1565:l5

YAll values are meantSD ( =3).
P Means with different superscript mall letters within the sample groups are
significantly different by Duncan’s multiple range test (p<0.05).

S g 27 BAE AW W} 22ES LPES
LPES] 959 PEEYS & & S1glon] o|5e] Bae
10-100 yg/mL 5% ARl A% vitamin CS] #4 7} §AFeH
ma o5 Avlolt}
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WA FEE 9 2 Eoﬂ ©] gk macrophagel| i 4] €]
Q18+ A= Fg. 19l YERISL
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AsHE Ao AE A2 AddA 7Q1IsHEA], F
Z59] Al 5402 213} cell population®] A3}t 7191
Sh=A1E s ¢ ‘??} AAe A¥, Wika 4717 FEE
25 ng/mLe] F%& ofsltollA] 90% ©]/
&< YeEhAATh webs NO, PGE,, TNF-q,

-
&
S

SLPW ©LPA WLPU WLPE
100 fal

Cell viabitliry (%)
8 2

%]
=
T

] 6.23 1z3 25 30 10

Samples (pg/mL)

(B) 125

L1389} IL-6 A A&l &
ik e l=

2732 25 ng/mLolste] Fimol A

nitric oxide(NO) M4 x3f &#4o
AU Ao e ZFe] NO 92 prostaglandin
Ex(PGEx) 52 95227} 5% NO synthase(iNOS) 2
cycloxygenase(COX)-2¢] 9J3 @ TH17). gHtzoz
NO9| §/d-& uteg]otE FolAY F42 AANI = F
Ae-5 sHAIRF Wl gt ]l URlel o3t #Eg NO2
< 5= TATIA =W, 229 &4, 33} ol
A £ T FEETH9). Wikt —’F%%Ol ol g
NOS] A/ Aall EAo] = AE Hobir] ffsf 2 Aol
A A WAL 4717 FE o e FEE tiste
Raw264.7 A| Zo|A] LPS &=l ]3| *g“ﬂi NO A4 =F
o vl Y& SHLk 4717 FERe] BT B o
Aoz AL el NO BAFE A Al?ﬂ?’\l“* a1z
LPE 25 pgmLe] F=ollA] 50% < As 4 vehlo,
AL ol ehe 50| T wxolA] 46% ] A3l &=
‘/}E‘r‘ﬂi AB)ET e D45 YERAITE LPES] &l
o digk 4 53 23, LPEEAA 7P =2
*Mi Azl o] gl H Ao (Fg. 2) 25 pg/mLe] FXko
’\1 57%9] Al S5 Uehdo] 25U ddolAH o E
£ 100 pgmL =04 50% ©l3le] As) 234
‘JrE‘r AW 53 4 Bith

prostaglandin E2(PGE;) MM X3| &AM
Prostaglandine =42 0 2 SA43ly s B2 95
S-S =3 523 QA2 arachidonic acid = 5F-E]

nlFEH wLPEE wlPEB mLPEW

Iig | .

=

8

Cell viabitliry (%)
& 2

=

1] 625 125 25 50 100
Samples (pg/mL)

Fig. 1. Cell viability of the extracts and its fractions of Ledum palustre L. (LP) in Raw264.7 cells.

A, cell viability extracts of LP; B, cell viability fraction LPE.

[ LPW, Ledum palustre L. extracted with water; [ ] LPA, Ledum palustre L. extracted with autoclave; [] LPU, Ledum palustre L. extracted ultrasonic wave; [ll LPE, Ledum
palustre L. extracted with 70% EtOH; [ LPE/H, Hexane fraction of LPE; [ ] LPEJE, Ethyl acetate fraction of LPE; [] LPE/B, BuOH fraction of LPE; [l LPE/W, water

fraction of LPE.

The values shown represent meantSD of three different assays. *p<0.05, **p<0.01 compared with absence of samples.
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Fig. 2. Effects of the extracts and its fractions of Ledum palustre L. (LP) on NO production in LPS-stimulated Raw264.7 cells.

A, NO production of LP extracts; B, NO production of LP fractions.

[ LPW, Ledum palustre L. extracted with water, [_] LPA, Ledum palustre L. extracted with autoclave; [] LPU, Ledum palustre L. extracted ultrasonic wave; [ll LPE, Ledum
palustre L. extracted with 70% EtOH; [I] LPE/H, Hexane fraction of LPE; [_] LPEJE, Ethyl acetate fraction of LPE; [ ] LPE/B, BuOH fraction of LPE; [ll LPE/W, water

fraction of LPE.

The values shown represent meantSD of three different assays. *p<0.05, **p<0.01 compared with absence of samples.
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Fig. 3. Inhibition of LPS-induced PGE, production by Ledum
palustre L. (LP) extracts and fractions.

M LPE, Ledum palustre L. extracted with 70% EtOH; [ ] LPE/H, Hexane fraction
of LPE; [ LPEJE, Ethyl acetate fraction of LPE; [l LPE/B, BuOH fraction of LPE;
[] LPE/W, water fraction of LPE.
The values shown represent meantSD of three different assays. *p<0.05, **p<0.01
compared with absence of samples.
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Fig. 4. Inhibition of LPS-induced pro-inflammatory cytokines production by Ledum palustre L.(LP) extracts and fractions.

Effect of LP extact and fractions A, TNF-q; B, IL-1[3; C, IL-6 productions induced by LPS.
B LPE, Ledum palustre L. extracted with 70% EtOH; [ ] LPE/H, Hexane fraction of LPE; [[] LPEJE, Ethyl acetate fraction of LPE; [l LPE/B, BuOH fraction of LPE;

[] LPE/W, water fraction of LPE.

The values shown represent meantSD of three different assays. *p<0.05, **p<0.01 compared with absence of samples.
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