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Comparative Evaluation of Biological Activities and Active Compounds
of Some Invasive Alien Plants
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Abstract - To evaluate functional biomaterials of 5 invasive alien plants, total polyphenol and flavonoid contents,
antioxidant activity, anti-inflammatory activity, and antibacterial effect were measured. The total polyphenol and flavonoid
contents of the extracts were in the order of Rumex acetosella L. > Hypochaeris radicata L. = Lactuca scariola L. >
Humulus japonicus Siebold & Zucc. = Solanum viarum Dunal. The DPPH and ABTS radical scavenging activities of the
extract were the highest in R. acetosella and correlated well with the total polyphenol contents. In RAW 264.7 cells
stimulated with lipopolysaccharide (LPS), nitric oxide (NO) and prostaglandin E, (PGE,) production inhibitory effect of the
extracts (100 ¢g SE/mL) were 20~60% and 10~70%, respectively, showing the highest inhibitory effect in R. acetocella.
The extracts of R. acetosella, H. japonicus and S. viarum showed antibacterial activity against food poisoning-causing
microorganisms such as Bacillus subtilis, Escherichia coli, Vibrio parahaemolyticus and Vibrio vulnificus. Furthermore,
the H. japonicus extract was found to have effective antibacterial activity against oral microorganisms such as Enterococcus
faecalis, Lacticaseibacillus casei, Rothia dentocariosa, Staphylococcus epidermidis and Streptococcus mutans, and its
major active ingredients were predicted to be pentadecylic acid, palmitic acid and clionasterol. These results suggest that
alien plants have potential as biomaterials with antioxidant, anti-inflammation and antibacterial effects.
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Table 1. Collection information and voucher number for 5 foreign invasive plants

Scientific name Collecting site

Collecting date Voucher number  Storage place

Humulus japonicus Siebold & Zucc.
Hypochaeris radicata L.
Lactuca serriola L.

Rumex acetosella L.

Solanum viarum Dunal

Inseong-ri Daejeong-eup
Sinrye-ri Namwon-eup
Yeongpyeong-dong Jeju city August 2022
Donggwang-ri Andeok-myeon

Hwasun-ri Daejeong-eup

May 2022  2022-VN-026  Natural Product
April 2022 2022-VN-024 ~ Chemistry Lab.,
2002-VN-030  Cotleee of Applied
Life Sciences,
May 2022 2022-VN-025 Jeju National
August 2022 2022-VN-031 University

DW) 2 %7815}

Faksl &40 1 1-diphenyl—2—picrylhydrazyl (DPPH) 2t
Uz 2784 MO 2 Blois (1958)2] W ol &3] 2451
th. DPPH 2ft]Z 2783 Al =891 40 yLof 0.3 mM DPPH
B 160 4L 7Foto] T8k, razoflA] 3027t Wk3-A1 71 T
& 517 mol| A SFEE Z7gsto] AEsHiTt. 2,2-azino—bis
(3—ethylbenzothiazoline—6—sulfonate)(ABTS) Z}tjZt 4AA
2] 42 Re et al. (1999)9] o] whef thaa ol S5}
ik, w40l ARERE ABTS -89 7.4 mM ABTS 897} 2,6
mM potassium persulfate &M E315}10] 144|171 F0F b4l
of ®28to] ABTS fol2-a BAAIT 5 734 8] S35 ko]
0,7+0.001 Y7} =% 24sto] ARESIGIT. ABTS 2tz
AASGAL A Z-EN 10 45 96 well—plated]] £7]1L ABTS &
N 190 pL.o}F EFRE 5, A oA] 3027 HHG-AIX] thE, 734
mo A FFES S5kl AR=seleh. 2 A=) DPPH %
ABTS 2jtizh 22AZAE ofeff Alof| oJsf) Alilsto] ME-a(%) =
Lreh ik

DPPH E= ABTS 2}t]ZF 2784 (%) = [1-(A|22] 38/
o 2=9] FgEe)] X100

45 24 33

MY & MEZ=sd F5F

Murine macrophage cell lineQl RAW 264.7 A|3E(ATCC,
Virgina, USA)+ 10% fetal bovine serum (FBS; Gibco, NY,
USA)S 333t Dulbecco’s modified Eagle medium (DMEM)
H2](0.1% penicillin—streptomycin $-3)& ARS8l 377,
5% CO, 2710014 i Fstaict, wiAl= 29ttt A5kl o,
H3E7}80% oV S48k %ke Wl Al SHAT. RAW 264.7
Az tigt &= Al=o Hl2=4 B7h= EZ-CYTOX cell
viability assay kit (DAEIL LAb, Seoul, Korea)& ©]-835}¢] A
zto] AlgHle] Z5he] ZA3HAT RAW 264.7 AZE 3

olX
Iy
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3 0]9] SFEE 450 mmoflA A3

NO A oH| B E%

LPSE A=r% RAW 264.7 A|2Eo|A] A= nitric oxide
(NO)S) - Griess A19KS: AL31o] ALZHfeJl o] £k
NO, 9] Se| = =435}t Yang et al., 2019), RAW 2647 Al|3E
£ 10% FBS7} 7} DMEM 82| E 0]83}0] 2.5 x 10° cells/mL
2 2433 48 well—plated] HEs5lal, 37°C, 5% COy A A
18AJ7F Rt TR, Al=(50~100 ug SE/mL)2} LPS (1 ug/mL)
£ Aol Afsto] 24417 F2t vFskalt, Azl e
100 uL 2} Griess A|2F 100 yLE &350 96 well—plate©]| 4] 10
£ 52 kg A7l F 540 ol A FEEE S5

PGE, & x| &4 &4

371 NO A A B/ S7g 0t 54T 0. = RAW 264.7
Azzol| Az Aefstl.om, Ajszoll A A/ = prostaglandin
F; (PGEy) k-2 ELISA kit (R&D Systems Inc,, Minneapolis,
MN, USA)E o|-&3to] H=st3it). ol standardol] Tt 3E
AT 1 2 0.99 ool Ath(Yang et al,, 2019).
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Table 2. List of microbial strains used for antibacterial activity test

8 A et A=) A=l vl 3

Strain

No. Media

Bacillus subtilis

KACC 10854 Luria-Bertani

o ) Escherichia coli KACC 14818 Luria-Bertani
Food poisoning bacteria .
Vibrio parahaemolyticus KACC 15069 Trypticase soy broth
Vibrio vulnificus KACC 15317 Luria-Bertani
Enterococcus faecalis KACC 13807 Lactobacilli MRS broth
Lacticaseibacilluscasei KACC 12413 Lactobacilli MRS broth
. . Rothiadentocariosa KCTC 3204 Trypticase soy broth
Oral microorganism . .
Streptococcus mutans KACC 16833 Luria-Bertani
Streptococcus sobrinus KCTC 5809 Trypticase soy broth
Staphylococcus epidermidis KACC 13234 Luria-Bertani
MRS broth 5] 5= B8 v x| & o]&5}te] 371, 120 rpm2) BEAERA
Aoy 22004 33] A ioF 5 AFe] AHgheck E U955 Y BT AL mean 502

242t ool e R F0) 9 Y 292
A= A (paper disc agar diffusion)2 0]-86
et al,, 1966), 2t Ui A|oA] viFRE WS Bt 4] H(0.85%
NaC) & 3|45te] FAE 1 x 10° cfu/mL FE 2 AG5H 814
sisict. ol 71 200 418 R Sl B2 EHTHSLL
Z¥Z}0] A 78100 mg SE/mL)2- 10 mm paper disc (Advantec,
CA, USA)of| 50 uL# 4= AZAI7) & Bt vljz] = o] &

=2tk 37°CH 7oA 18A]7) Hlokst q PEESEN

A3E A ZHinhibition zone) 2] 274 (mm)S S5k,
LY FERER

S B39 S A EL o35 chromatography—mass
spectrometer (GC—MS)E- o]-&3to] HA5}9ct GC-MS 24

2 Shimadzu AF2] QP—2010 plus (Japan)S AREsto] 42845}
Atk AH-2 HP-5MS (30 m length, 0,25 ym diameter, 0,25
im thickness)& ARg38lIG o, QBT 150T/28-(2T/
H)-210C/28—(5C/H)-300C /8RO 2 5-25tHA] F-A5)
%ck. Carrier gast AHF-S AHE-EF.2H, total flows= 1 mL/
min&Z ST} Injector] &=+= 2307, interface =&+ 25
07, ion source =+ 230CTE At GC-MS E4&
E35lo] A=E 139 SBHE 542 Willey 9 library database
£ o83t 4333l library2t -FAR=7}80% o2l 3t
=7 FAskc

p<0.01, p<ooo1 oﬂH—E 8} ct,

Znt o oy
Z S99 ¥ St ol

A1 EA|9] 22} thARE Al wlis/d SFekE-S 9F 8,000 ©1719)
S EAE 7kl Q) 91 phenolic acids, flavonoids, catechin,
resveratrol 50| )34 0 & A A QItKatsube ef al, 2004;
Pandey and Rizvi, 2009). 0] B3 sREE52 gt g
oF =2 o} So] A SAjmut ol g} 7, r:_'ﬂ]tﬂ— SrALS} gt
£ Hol= Ao A i}, AlEA o EAeke St o]
T = flavones, flavonons, flavonols, cathechins, antho—
cyanidins So| 322 <] 3}gHEClY|, o] T3t AL &)t o
2, 4R oY 5 B e A0 4
Qlth(Hertog et al, 1992), olof &A1& 55 tAFC & JFAL
s}kl 0] g 21T, obh i gt
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= %E]-EiO]E o quercetlng J‘L—.—%@i A 0]-02]
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fo
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o
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o noil
do
ri,
oy
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o
5,

o= dEe
Z

mlﬂ

3T
=

T
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Table 3. Total polyphenol and flavonoid contents of ethanol extracts from alien plants

Plants Total polyphenol (mg GAE/g DW)” Total flavonoid (mg QE/g DWY
Humulus japonicus 8.29+0.15" 1.63+0.09
Hypochaeris radicata 17.28+1.16 3.03+0.14
Lactuca scariola 15.03+1.13 3.47+0.11
Rumex acetosella 38.64+0.29 8.19+0.37
Solanum viarum 5.39+0.11 1.27+0.04

“mg GAE/g DW: mg gallic acid equivalent per 1 g dried sample.
"mg QE/g DW: mg quercetin equivalent per 1 g dried sample.
*Data are expressed as meantSD for three tests.
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Fig. 1. Antioxidant activity of invasive alien plant extracts by DPPH and ABTS radical scavenging assay. DPPH and ABTS radical
scavenging activities were assayed at concentration 500 ug SE/mL and 100 ug SE/mL of plant extracts, respectively. Quercetin was
used as positive control (Q10: 10 pg/mL, Q20: 20 ug/mL, Q25: 25 ug/mL and Q50: 50 ug/mL). Data were expressed as mean+=SD
for three tests. HI: Humulus japonicus, HR: Hypochaeris radicata, LS: Lactuca scariola, RA: Rumex acetosella, SV: Solanum
viarum.

8], 559 efilE F oI d FEE T EulEs L & 2o TS AdEER) S| > $4iY
17} 38,64 g GAE/g DW, 8,19 ng QE/g DW= 2 AR Yehgon, of7]4:9 9] g4 g}gygg ok 75%% 3t

A 7V i—fa’l_ﬂi G 7EA] B} of THf o] A Ukt 43 Szoll Blsf oF 5uff =A| et ABTS o) 2752
etal (2017)°] oJsPH MYaex F9E 355 S5 55 100 ug SE/mLofA S7451%1=H, DPPH 2it|Z 27

o F %Elﬂl% S E QL #e, E7101M 47 50,82, 2 fAKSHA o 7)ol 7 w3 AL S Eol M R
22.12, 24.27 9 30.54 mg GAE/g DW=A] & &L2] 17,28 mg ok} Fig, 10] UFERd vlo} 7o) 228 %74 100 ug SE/mLo]|
GAE/g DW .t} 32 9 Yehll=d], ol Al& o) Ay % A 2745 ABTS 2H]Z 471501 500 ug SE/mL oA 4

8 7] 5ol 71018 A2 Aszeic, £ DPPH 4753} H]2:8 2318 B0, o)tz ABTS ehel
© YR Y WFHBY TR WSShe] ABISS T WS
kst 24 3= 0] DPPHSIS 218} W31 o1 42 Slee 5

S (Re et al, 1999)9} H5leRe ATeky o AAC} Table 39}
9] Fig, 18] Auk= 3 iﬂlﬂe 9 ZehE ol & ko] =&
5 DPPH % ABTS 2}t}Zh 2750] Eth= A& Hols Eﬂ 01

Sl E 550 0% ofRke 2EBo] T S B
DPPH 3 ABTS 2hj2 474502 217} 24519{rkFig, 1),
YA 222 S 500 ug SE/mLol| tet DPPH 2fcj7 27
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A= DPPH 9 ABTS 2tz 2752 &
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o] A S K oltk= X 11 (Anagnostopoulou et al., 2006)
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QlfAE F5=2 RAW 264.7 Al 2] gt A

SZEXO

- O+

EZ-

CYTOX kit 2 ZHQI5FITHFig, 24). RAW 264,7 A|3Zo]| A1 =4
2255 717} 50, 100, 200 ug SE/mL FE & A 2jsto] AlZ

A 140.0
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95% o= Hol NS A9 Gl Ao E ERIE oL,
FEAMB|7HA] 2552 200 ug SE/mL s == A 2fgh 4, Al
3L AYZO] 5T 0% A EAL Hol= Ao & elE| gt
weba eEjAlE 2520 9% JA 42100 ug SE/mL &
T ol S48l

NO 2 PGE, MN x| &1t

RAW 264, 7 A 32} -2 T A M| 32= LPSe} -2 oA}
olstol 91Hg0] ol = ofe] 71/2] %4 oI,
PGE;, pro—inflammatory cytokines)E0| AJAIETHLazarov
et al,, 2000), °]°] &2} FEE=0] AL ol Al NO A3/l
0] 2] 3RS LPSE A}=35F RAW 264, 7 M| 22 thAFo & A}

050 pg/mL E100 pg/mL 200 pg/mL

HJ

HR LS RA sV

fakaiad
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*%
sk *k

+
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+ + + +
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Fig. 2. Inhibitory effects of 70% ethanolic extracts from invasive alien plant on nitric oxide (NO) production and cytotoxicity in
LPS-stimulated RAW 264.7 cells. (A) Cell viability was determined using the EZ-CYTOX assay kit. (B) The production of NO was
assayed in the culture medium of cells treated with LPS (1 ug/mL) for 24h in the presence of 70% ethanol extracts. Values are the
meantSD of triplicate experiments. HJ: Humulus japonicus, HR: Hypochaeris radicata, LS: Lactuca scariola, RA: Rumex
acetosella, SV: Solanum viarum. *p < 0.05, **p <0.01 and ***p <0.001 versus LPS treatment.
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SHIth(Fig. 2B). RAW 264.7 AlZoA /%= NO &
Griess A|oFg 0]-8-5o] A|32 uj ol Fof] EA5k= NO,” FE
£ 343 23}, 429 QeAlE 55100 ug SE/mL)-> LPS
T A 2jto]| Hlsto] NO A/ oF 20~60% AAIok= A o=
RIEQIT, NO A oA Ak o714 ) SE =) g
HZIA] > MFEEZ > THAARE: A2 YRt
HEAzoA AEHES0] Bofd A-$-olli= NO, PGE;, tumor
necrosis factor—¢ (TNF—a) ¥ interleukin—6 (IL-6) =3} Z+
S A= 7 E4-& Eulshy, §E-¢] inducible nitric oxide
synthase (iNOS)2} cyclooxygenase—2 (COX—2)9] W& &
E=RkOZA NO % PGES AT 53], COX-2 2
PGE,+= Th2 A 329] 2/d& fEdto] €54 cytokines THF
RA7 1 Y’lo] Erk(Storck et al,, 1994), webA] QJefAl=E
FZ=(100 ug SE/mL)& A5t} 54 QA1 PGE, A/
| 2= 9ok ELISA kitE o]-§-8to] S4sto] Hajrh 1 2
¥}, NO A/ oA mufe} o) 24719) Al 3552 PGE, 4473
& 9F10~70% AN Z 21, ol A = of 7] 4= o] oF 72%%
7P =& oA AE Hlth(Fig. 3). o] Aik= o715y &
Eof oJgt A5 JAI7F NF-kBO] A5 AGTHA-S F3f o] Fo
A= Hal(Yang et al,, 2018)9F Ftsoie), AA|A =2 55
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Fig. 3. Inhibitory effects of 70% ethanolic extracts from inva-
sive alien plant on PGE, production in LPS-stimulated RAW
264.7 cells. Cells (2.5 x 10° cells/mL) were stimulated by LPS
(1 ug/mL) for 24h in the presence of 70% ethanol extracts.
Supernatants were collected, and the PGE, concentration in the
supernatnats was determined by ELISA kit. Values are the
meantSD of triplicate experiments. HJ: Humulus japonicus,
HR: Hypochaeris radicata, LS: Lactuca scariola, RA: Rumex
acetosella, SV: Solanum viarum. **p <0.01 and ***p <0.001
versus LPS treatment.
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and Lim, 2010).
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8 A et A=) AREA v g7 3 FEALE

SEA7FA Q) 0% oSE 52 B subtilis, E, coli, V. (Table 5), Z|oF-4]& Rr¥sl= thE 2 Q1 Al S mutans©)
parahaemolyticus R V. vulnificus 4§ A)%-5=to] thsf 732t oot ket B2 559 AEA| S5 BRolA veten 4]
ot BAE HYou TS FEEY B B subtilis 1 e} 2] g=gte] AQlut AR Eof Q1 At S dorl= ¢
Fol thsiAnt gt AE Uehll= 2oz SIE JItH(Table Qlto gt AR B dentocariosadl t A= o713 = Al
4), ol5 EtjE HY, = D o] FEE2 AF E QJataL 430 AE FEENAM =t A7 F ERA] ookt
&5 A It AN B TR0 B Ao R AL E T F2E59 8 RYEs dide R 74 =l
et 3, 7t 259 A SR i v E 5 faecalis, &t S-S 915 23}, hexane W ethyl acetate E3&
L, casei, R, dentocariosa, S epidermidis, S mutans)°] Tjat o M= 3t Ao LFeRt oLt butanol 2 =80 HL5] o] A
ot BE AT A, SY e FEES 4F(E faecalis, Bt ZA0] YERHA] b3t tHTable 6). ol= FE=of o+
L, casel, S, epidermidis, S mutans)®] 517} 0]l thsf 7t H vz ke 5o vaA E4o] et @Al Al A
S ot DA3S B, W7 |=Q(R, dentocariosa, S, epider— S AAT8EAL I}, Kim et al, (2005)2] K10 wp2H, theFst
midis, S mutans) W YE=N8 VR (L, casei, S epidermidis, B4 SIHE o)A hydroxycinnamic acid group HUh=

S, mutans)= 27} 352 v|g=ol thel Fat A7 e T hydroxybenzoic acid group®] gt 2/d°] Hf ot #l=/d oigt

Table 4. Antibacterial activities of invasive alien plant extracts against food poisoning bacteria

Clear zone (mm)”

Sample - -
B. subtilis E. coli V. parahaemolyticus V. vulnificus
Humulus japonicus 14.52+0.37" 13.24+0.83 15.11+0.19 14.28+0.17
Hypochaeris radicata ND* 14.23+1.21 ND ND
Lactuca scariola 11.80+1.20 ND ND ND
Rumex acetosella 14.57+0.09 13.12+0.07 15.03+0.38 12.66+0.59
Solanum viarum 15.30+0.73 11.79+0.35 13.40+0.32 13.16+0.40
Tetracycline™ 17.61+0.78 17.79+0.36 15.50+0.31 17.78+0.37

“Ethanol extracts was absorbed into paper disk and the diameter (mm) of clear zone was measured.
"ND: not detected.

*Tetracycline was used as a reference for antimicrobial activity.

“Data are expressed as mean=SD for three tests.

Table 5. Antibacterial activities of invasive alien plant extracts against oral microorganism

Clear zone (mm)”

Sample
E. faecalis L. casei R. dentocariosa  S. epidermidis S. mutans
Humulus japonicus 12.62+0.15% 12.64+0.19 ND 14.87+0.26 14.21£0.18
Hypochaeris radicata ND* 13.01+0.26 ND ND 12.84+0.32
Lactuca scariola ND 12.55+0.08 ND ND 12.90+0.06
Rumex acetosella ND ND 13.15+0.36 13.85+0.35 13.43+0.38
Solanum viarum ND 12.28+0.14 ND 13.16+0.34 13.28+0.08
Tetracycline® 25.61+0.51 20.46+1.06 16.25+0.19 16.36+0.24 20.21+0.69

“Ethanol extracts was absorbed into paper disk and the diameter (mm) of clear zone was measured.
YND: not detected.

*Tetracycline was used as a reference for antimicrobial activity.

“Data are expressed as meantSD for three tests.
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Table 6. Antibacterial activities of organic solvent fractions obtained from 70% ethanolic extract of Humulus japonicus

Solvent fractions

Clear zone (mm)”

E. faecalis L. casei R. dentocariosa  S. epidermidis S. mutans

Hexane 16.82+0.43% 14.85+0.11 ND 11.40+1.23 13.15+0.23
Ethyl acetate 15.51+0.31 17.82+0.78 ND 13.25+0.34 ND
Butanol NDY ND ND ND ND
Water ND ND ND ND ND

“Fraction extracts was absorbed into paper disk and the diameter (mm) of clear zone was measured.

YND: not detected.
*Data are expressed as meantSD for three tests.

(x10,000,000)

TIC

12 2 1. Hexahydrofarnesyl acetone” 9. Ethyl linoleolate
. 2. Pentadecylic acid* 10. Stearic acid*
- 3. Palmitic acid* 11. 1-linolensaeure-sn-glycerylester-2,3-diacetate
4. Gamma-undecalactone 12. Clionasterol*
& 83 5. Phytol* 13. Beta-amyrone*
g o 6. Ambrettolide* 14. Norolean-12-ene*
g 0.7 3 9 7. 3,6-octadecadienoic acid methyl ester 15. Methyl commate C 1
2 s 8. Mandenol*
2

Fig. 4. Gas chromatography-mass spectrometer (GC-MS) chromatogram obtained from hexane fraction of Humulus japonicus.
* Asterisks indicate compounds reported to exhibit antibacterial activity.
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