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Abstract: In this study, we investigated anti-oxidative and anti-bacterial constituents from Rhododendron weyrichii leaves.
DPPH and ABTS' radical scavenging activities were screened for the ethanol extract and solvent fractions. Potent
scavenging activities were appeared from the extract, ethyl acetate (EtOAc) and n-butanol (BuOH) fractions. Upon the
anti-bacterial tests using Staphylococcus epidermidis and Propionibacterium acnes, extract, n-hexane (Hex) and EtOAc
fractions showed strong activities. To isolate the active constituents, the EtOAc fraction was further purified to afford
five phytochemicals; ursolic acid (1), corosolic acid (2), asiatic acid (3), astragalin (4) and isoquercetin (5). All of
the compounds 1-5 were isolated for the first time from this plant. Among the isolates, the compound 4 and 5 showed
strong DPPH and ABTS' radical scavenging activities. Also, compound 3 exhibited the most potent anti-bacterial activity.
In addition, the content of astragalin isolated from this plant was determined by UPLC and the quantity was about
8.1 mg/g for the 70% ethanol extract and 34.8 mg/g for the EtOAc fraction. Based on these results, it is concluded
that R. weyrichii extract could be potentially applicable as anti-oxidative and anti-bacterial ingredients in cosmetic

formulations.
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Figure 1. Total polyphenol contents (A) and total flavonoid contents (B) of extract and solvent
fractions from R. weyrichii leaves. The data represent the mean + SD of triplicate experiments.
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Figure 2. DPPH radical scavenging activities of extract and solvent fractions from R. weyrichii
leaves. The data represent the mean + SD of triplicate experiments.
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Figure 3. ABTS' radical scavenging activities of extract and solvent fractions from R. weyrichii
leaves. The data represent the mean + SD of triplicate experiments.

Table 1. SCs,” Values of Extract and Solvent Fractions from R. weyrichii Leaves on DPPH and ABTS" Radical Scavenging Activities

Fractions Extract n-Hex EtOAc n-BuOH H,O BHT
DPPH radical (ug/mL) 61.7 > 200 89.2 48.6 139.7 149.2
ABTS" radical (ug/mL) 40.5 > 160 52.5 36.7 93.3 9.3

" SCsp; scavenging concentration for 50% of radical

Table 2. Anti-bacterial Activities of R werychii Leaves

Clear zone (mm)"

S. epidermidis : P. acnes
CCARM 3709 CCARM 3710 CCARM 3711 : CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089
Extract 11 - 9 | 10 - 9 -
n-Hex 9 - - i 1 10 1 9
EtOAc 12 11 9 : 12 11 12 110
n-BuOH - - - : - - - -
H0O - - - : - - - -
Erythromycin 22 - 31 ! 50 - - 30
" Concentration of sample : 2 mg, erythromycin : 20 ug
Zr A B AY 23} 255 9 EtOAc, n-BuOH B3 & Qe 1 Axp FEUE 9 =5 9 n-Hex, BtOAc &

©] SCso gtol ZF2t 61.7, 89.2, 48.6 ug/mL= thxQ] BHT 2] A Skt 20| UERFOm(Table 2), o] S2=5F
Hr} 023t ghojzh A7 SH4o] 9182 ERelalSit(Figure FE55 9 n-Hex, BtOAc E3E9] tldii= 714 o=
2, Table 1). ABTS' #jtjzr 47 & E3h &5 4 2APEEMIC) B FHeANE S = 2Rl
EtOAc, n-BuOH 8=l 95t ot &724de | (Table 3).
EliickFigure 3, Table 1).
33. MELIR QozBH 2a|FE 3iEiEo 71X 53
32 AEL|Z Q) XES gl 2qff 25|=0| 57 A SIS} 9l S BhAdo] O2gk AP o) FOAe 18]
R 25 9 8 BolE0] 3 24 S5 o] Y5 VLC USephadex LH20 2 Zznbes 1e)u)=
ol T T =) FI|ZEATHS. epidermidis) H o /\530]’0:1 5749] BBREe Halsielon, 'H 2 BC NMR
CE2HP acnes) S 018310] SEASMIHO R clear zone 2 3 L o]&3}o] sRelEe] 12E olslgnt ke 1L C
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Table 3. MIC and MBC Values of R. weyrichii Leaves

=8 el kst

Extract! n-Hex” EtOAc”

CCARM MIC 500 > 1000 1000

3709 MBC 1000 > 1000 1000

S, epidermidis CCARM MIC > 1000 > 1000 1000

3710  MBC > 1000 > 1000 1000

CCARM MIC > 1000 > 1000 > 1000
37U _MBC >1000_>1000 > 1000_

CCARM MIC 1000 > 1000 500

0081 MBC 1000 > 1000 1000

CCARM MIC > 1000 > 1000 1000

P acnes 9009 MBC > 1000 > 1000 1000

CCARM MIC 1000 > 1000 1000

9010 MBC 1000 > 1000 1000

CCARM MIC > 1000 > 1000 > 1000

9089 MBC > 1000 > 1000 > 1000

D" Concentration of sample : pug/mL

et

bt g

oX,

3

HE

347

[e>

NMR A E oA 3071¢] g4 739 'H NMR AZE
dollAl 77He] methyl groupe EFFR= w2 H9l9
aliphatic signal-2 U O 2 triterpene & oJAlH o
A16]S F3l ursolic acid= RIS FRME 2= 315t
513} AR Fx0]0, PC NMR AZlE>o|A H7]84
b 2 Akko] I 9Jx19] 2749 sp' B4 BhaxGe
69.0, 84.3) 55 T3l 21 E 31 gkAof OH groupo] At
o] AU5S APetRom, w9171 F3l corosolic acid
2 ZRIECE SI¥HE 3 E3t S3hE 29} FARE Exo]
o, "C NMR Ag|EHo||M #7184 =7} 2 Akko] Q1
3 1212 3709] sp’ A EhAEe 66.8, 694, 78.6) T2 &
3 2%, 31 2 23 9JX]o]] OH groupo] A= o] S-S
o slRal F3[18]2 F3ll asiatic acid® RIE|QIcH
(Table 4). 2}3= 4, 5+= flavonoid A= & S5l

Table 4. 'H and C NMR data of compounds 1 — 3 (500 and 125 MHz, pyridine-ds)

No Compound 1 Compound 2 Compound 3
) Oy (int, mult, J Hz) d¢ Oy (int, mult, J Hz) d¢ Oy (int, mult, J Hz) d¢c

1 39.5 48.5 48.4
2 28.6 4.13 (1H, m) 69.0 4.23-4.28 (overlapped) 69.4
3 3.28 (1H, dd, 6.0, 10.0) 78.6 343 (1H, d, 9.5) 84.3 4.23-428 78.6
4 40.0 40.3 442
5 56.3 56.4 48.3
6 19.2 19.3

7 34.0 34.0 33.6
8 40.4 40.5 40.5
9 48.5 48.5 48.6
10 37.9 38.9 38.8
11 24.1 242 243
12 5.52 (IH, t, 3.5) 126.1 548 (IH, t, 3.5) 126.0 5.48 (brs) 126.1
13 139.8 139.7 139.8
14 43.0 43.0 43.0
15 29.2 29.1 29.1
16 254 254 254
17 48.5 48.5 48.5
18 2.66 (1H, d, 11.5) 54.0 2.65 (1H, d, 11.0) 54.0 2.63 (IH, d, 11.0) 54.0
19 39.9 39.9 39.9
20 39.9 39.9 39.9
21 315 315 315
22 37.7 37.9 38.0

3.75 (1H, d, 10.0)

23 1.25 (3H, s) 29.3 1.23 (3H, s) 29.8 423-428 (overlapped) 66.8
24 1.05 (3H, s) 17.1 1.07 (3H, s) 174 1.08 (3H, s) 15.0
25 0.90 (3H, s) 16.2 0.99 (3H, s) 18.2 1.07 (3H, s) 18.0
26 1.08 (3H, s) 17.9 1.10 (3H, s) 18.0 1.08 (3H, s) 18.0
27 1.27 (3H, s) 244 1.30 (3H, s) 244 1.15 (3H, s) 244
28 180.4 180.4 180.5
29 1.02 (3H, d, 6.0) 18 1.00 (3H, d, 6.0) 17.9 0.97 (3H, s) 18.0
30 0.97 (3H, d, 6.0) 21.9 0.96 (3H, d, 6.0) 21.9 0.92 (3H, s) 21.9
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o
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Ursolic acid (1) Corosolic

acid (2)

Astragalin (4)

Figure 4. Isolated compounds 1-5 from R. weyrichii leaves.

isoquercetin[20] 0.2  EHIE| QT Table

5). ol SRk T AEUROIN ASer EeE =2
o|c}(Figure 4).
Table 5. 'H and *C NMR data of compound 4 and 5 (500 and

125 MHz, CD;0OD)

No. Compound 4 Compound 5
oy (int, mult, J Hz) ¢ oy (int, mult, J Hz) d¢
2 158.4 159.1
3 135.5 135.7
4 179.5 179.6
5 163.3 163.2
6 626 (IH, d, 2.0) 1000 6.19 (IH, d, 2.0)  100.0
7 166.2 166.1
8 639 (1H, d, 2.0) 95.0 6.38 (1H, d, 2.0) 94.8
9 158.7 158.6
10 105.8 105.8
1’ 112.8 123.2
2> 809 (2H, d, 85) 1325 771 (1H, d, 2.5) 1177
3 693 (2H, d, 85) 1163 146.0
4 161.8 150.0
5 693 (2H, d, 85) 1163 6.86 (1H, d, 85) 116.1
6 809 (2H, d, 85) 132.5 7.58 (1H, dd, 2.5, 8.5) 123.3
1’ 550 (IH, d, 7.5) 1041 527 (IH, d, 8.0) 1044
2” 3.33 - 3.82 76.0 3.21 - 3.86 75.9
3” 3.33 - 3.82 78.9 3.21 - 3.86 782
4” 3.33 - 3.82 71.6 3.21 - 3.86 713
57 3.33 - 3.82 78.3 3.21 - 3.86 78.5
6 3.33 - 3.82 62.8 3.21 - 3.86 62.7
) 3tab g E3the) %), A454 A 4 F, 2019

Isoquercetin (5)

3.4. "é-%f? QlozuE| HalE SEiE0| SHlst B
P2 olollA] Hell i) alst B4S Sl
0P7l SJ3l] DPPH ¥ ABTS'2}tjzt 47] S =459

B

o 71 A3} flavonoid A|HE| 315k 4, SolA 2oz
7] 2ol LERITKTable 6). 53] slgtE 59] 2hrjzt
7] Egdo] ufje- Houkor, o] flavonoid B ringd]] F 7Y
9] OH groupo] ZgH=|o] Q= F=o)7] ot o=
53l aromatic ringo]] X|¥HH OH group®] 7i<=7} k] A&
Aol VFE Al As ;I = Stk

=

>

st Dy

Table 6. SCs” Values of Isolated Compounds 1- 5 from R.
weyrichii Leaves on DPPH and ABTS' Radical Scavenging

Activities

Compounds 1 2 3 4 5 BHT
DPPH radical (uM) > 800 > 800 > 800 277.0 359 6232
ABTS'radical (uM) > 160 > 160 > 160 1232 324 624
USCs0; scavenging concentration for 50% of radical

3.5, RELIZ QozBE Ba|= l5t=o| g

FHEEE QoA E2iE ShEel gk et 2
°ol5l7] Qs MIC @ MBCE ZA51¢lom, 714
T2 1000 IMZ 3l0] A|R0] HEE T ax E3]HA
sk 1 A3} terpenoid Al[E Q] SRME 1, 2, 30]lA]

Jo| veptow, 53] 35kE 39| gt g4o]
2101 515ItKTable 7). 3t BHY E3F SARSH terpenoid T

2ol Azkel OH o] A7} 24e] Gk vl A
< SRl 4 oIk
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Table 7. MIC and MBC Values of Isolated Compounds 1- 5 3.6. ELIR & =&=9| astragalin &ZF 2A
from R weyrichii Leaves I QoA Bald 3I3HE = 714 wo| 3he-E|o]
10 20 3h 4b 5) = AdHE9I astragalln (4)4 SFFS UPLCE ol83to] &
CCARM MIC > 1000> 1000 62.5 > 1000 > 1000 Aatglet. 1 Aah R 10% ojke FE2E 1 e T
3709  MBC > 1000> 1000 125 > 1000 > 1000 astragalin®] 8.1 mg/g (0~8%) FHEe] glom, EtOAc +¥]
S CCARM MIC > 1000> 1000 125 > 1000 > 1000 EolA= 348 mgg (3.5%)°] FHFEO] Sl ZeR 1l
epidermidis 3710 MBC > 1000> 1000 125 > 1000 > 1000 = {CH(Figure 5).
CCARM MIC > 1000> 1000 125 > 1000 > 1000
3711 MBC > 1000> 1000 125 > 1000 > 1000 4. 4 =2
_______ CCARM MIC 1000 500 125 > 1000 > 1000
0081 MBC 1000 500 125 > 1000 > 1000 A ZLUSUR. weyrichii) Q) Z2220] BAo| Tist o
CCARM MIC > 1000 500 125 > 1000 > 1000 FL BuEe] gxuk & AR fist A3 HuE
P aones 9009  MBC > 1000 500 125 > 1000 > 1000 u} ojck whpa 2 ?.]i:[quH A o] 2E2E W g
CCARM MIC 1000 500 125 > 1000 > 1000 o 20| gHAkEL 3 S AN A AR
9010  MBC 1000 500 125 > 1000 > 1000 slolslr] 28| 1—;]_%_]%;5‘:] %1: 37—]‘781*% Aasto] QF AJE
CCARM MIC > 1000> 1000 1000> 1000 > 1000 9] %5 A
9089 MBC > 1000> 1000 1000> 1000 > 1000 I 0] 70% ofERS 2EES o) whal Hals)
YConcentration of compound : xM o] n-Hex, FtOAc, 7-BuOH, H,0 H31E-8 olgjon st

0.18
0.16
0.14
0.12
0.10]
2 ]
0.08
0.06
0.04
0.02-
0.00
0.00 ' 2.00 ' 4.00 ' 6.00 8.00 10,00 1200 "14l00’ "800 "800 20.00
(A)
i &
0.80 %
1 !
1 &
0.60-| ®
¥
2 T
0.40 [
1 (|
1 I
0.20 I |
1 1 (| |
1 il Il [
500 . o MM_A___N_‘A_AW_JULMW) o NN Jla
0.00 2.00 4.00 ebo 8.00 1000 12.00 14,00 16,00 18100 20.00

(B)

Figure 5. UPLC chromatogram of 70% EtOH extract (A) and EtOAc fraction (B) from R. weyrichii leaves at 265.8 nm.
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3} 2 A9 A7 55 3 BOAc, n-BuOH #2159 3
2Bt 855 ERIsIGITE 3t o vk 9l e
TS, epidermidis) W A EFHP. acnesy& 0183 et
¥ 23t 355 9 nHex, EOAc 28=0lA] /o] 1t
ERtomn], ojel o AS vigko s 2y i Sklst
7] 918l EtOAc E-3120]| tfjaf] VLC ¥ Sephadex LH-20 &
o AmnlE e Saee STle] siee el
ch 2ejE S92 'H 9 °C NMRE 0|83 sfslrzs
591 21, ursolic acid (1), corosolic acid (2), asiatic acid
(3), astragalin (4), isoquercetin (5)°= 21| RIck.

o) SRetEe] ot ebet 24 A9 23} flavonoid
Aol SR 4, 59 el 24 Aol ek Tl
siplom, =t B4 AdolMe ke 39 B4do] o=
B2 TRl Ea FelE SRIE % BB o)
71 wo] hrElo] Qlis AdSl astragalin (4)9] TS &
Mg v 22BolA 81 mgle FOAc 2BlEolA] 348
mgle FRE0] QI ACR BIE

opge] ATt AuE vige® U §l FEES T
Ao 9l @t avE 2= A 71 S AR

Aol 7Ks e Aoleh Abeic

Acknowledgement

B e ARSIl A7 IR EEl A

WA S/dARINo. P0002225, =}
Aol e7|eS o183t Wiz uR A ShdE o=

jis

i=
r

Reference

1. S. H. You, J. S. Moon, A study on anti-oxidative,
anti-inflammatory, and melanin inhibitory effects of
Chrysanthemum  sibiricumextract, J. of Korean Oil
Chemists 'Soc., 33(4), 762 (2016).

2. C. H. Shin, Studies on the antioxidative character in
the ethyl acetate extractions of Rumex crispus, Korean
J. Biotechnol. Bioeng., 16(2), 592 (2001)

3. M. B. Kim, S. H. Hyun, J. S. Park, M. A. Kang, Y.
H. Ko, and S. B. Lim, Integral Antioxidative

g3t A, #4538 Al 4 3, 2019

- o]

10.

11.

12.

13.

14.

15.

16.

b A

Capacity of Extracts by Pressurized Organic Solvent
from Natural Plants in Jeju, J. Korean Soc. Food Sci.
Nutr., 37, 1491 (2008).

. S. H. Park, J. E. Kim, and N. H. Lee, Isolation and

evaluation of anti-oxidative constituents from the
extract of Ficus erectavar. sieboldiiKing leaves, J.
Soc. Cosmet. Sci. Korea, 42(4), 321 (2016).

. C. N. Collier, J. C. Harper, J. A. Cafardi, W. C.

Cantrell, W. Wang, K. W. Foster, and B. E. Elewski,
The prevalence of acne in adults 20 years and older,
J. Am. Acad. Dermatol., 58(1), 56 (2008).

. J. C. Harper, An update on the pathogenesis of acne,

J. Am. Acad. Dermatol., 51, 36 (1995).

. A. Koreck, A. Pivarcsi, A. Dobozy, and L. Kemeny,

The role of innate immunity in the pathogenesis of
acne, Dermatology, 206(2), 96 (2003).

. H. S. Kim, Master’s Thesis Dissertation, Konkuk Univ.,

Seoul, Korea (2011).

. M. S. Kang, H. J. Oh, H. C. Lee, and J. S Oh,

Isolation and identification of lactic acid bacteria
inhibiting the proliferation of Propionibacterium acnes
and Staphylococcus epidermidis, Journal of Bacteriology
and Virology, 39(1), 11 (2009).

J. E. Kim, Ph. D. Dissertation, Jeju National Univ.,
Jeju, Korea (2016).

T. H. Kim, Master’s Thesis Dissertation, Chung-Ang
Univ., Seoul, Korea (2015).

T. Gutfinger, Polyphenols in olive oils, J. Am. Oil
Chem. Soc., 58(11), 966 (1981).

F. B. Davis, E. Middleton, P. J. Davis, and S. D.
Blas, Inhibition by quercetin of thyroid hormone
stimulation in vitro of human red blood cell
Ca>"-ATPase activity, Cell Calcium, 4(2), 71 (1983).

M. S. Blois, Antioxidant determination by the use of
a stable free radical, Nature, 181, 1199 (1958).

R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M.
Yang, and C. Rice-Evans, Antixoidant activity applying
an improved ABTS radical cation decolorization
assay, Free Radic. Biol. Med., 26(9-10), 1231 (1999).
W. Seebacher, N. Simic, R. weis, R. Saf, and O.
Kunert, Complete assignments of 'H and “C NMR



17.

18.

ARUT o FEE f9)

o

resonances of oleanolic acid, 18 a-oleanolic acid,
ursolic acid and their 11-oxo derivatives, Magn.
Reson. Chem., 41(8), 636 (2003).

L. L. Li J. X. Puy W. L. Xiao, and H. D. Sun,
Triterpenes from Isodon xerophilus, Chinese Journal
of Natural Medicines, 10(4), 307 (2012).

W. N. He, J. G. Dai, M. Ye, L. J. Wu, and D. A.
Guo, Microbial transformation of asiatic acid by
Alternaria longipes, J Asian Nat Prod Res, 12(9), 760
(2010).

garsl

19.

20.

=i
=~

At 24 4

oX,
Hr

351

J. H. Lee, C. H. Ku, N. 1. Back, S. H. Kim, H. W.
Park, and D. K. Kim, Phytochemical constituents
from Diodia teres, Arch. Pharm. Res., 27(1), 40
(2004).

J. Fernandez, R. Reyes, H. Ponce, M. Oropeza, M.
R. Vancalsteren, C. Jankowski, and M. G. Campos,
platyceerasinhibits
carbachol and leukotriene D4-induced contraction in

Isoquercitrin =~ from  Argemone

guinea-pig airways, Fur. J. Pharmacol., 522(1-3), 108
(2005).

J. Soc. Cosmet. Sci. Korea, Vol. 45, No. 4, 2019



