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The halophyte Artemisia scoparia is an edible medicinal plant, with insecticidal, anti-inflammatory, anti-
cholesterol, antipyretic, and antibacterial effects. The aim of this study was to assess the inhibitory ef-
fect of crude extract and solvent-partitioned fractions obtained from A. scoparia on MMP-2 and MMP-9
activity in phorbol-12-myristate-13-acetate (PMA)-stimulated human fibrosarcoma HT-1080 cells using
four different activity tests: gelatin zymography, MMP enzyme-linked immunosorbent assay (ELISA),
wound healing assay, reverse transcription-polymerase chain reaction (RT-PCR), and Western blot
assay. A. scoparia samples were extracted twice with methylene chloride (MC) and twice with meth-
anol (MeOH). After the MC and MeOH crude extracts were combined, the combined crude extracts
showed a significant inhibitory effect against MMP-2 and MMP-9 enzymes. They were then fractio-

nated into n-hexane, 85% (v/v) aqueous methanol (85% (v/v) aq.MeOH),

n-butanol, and water accord-

ing to solvent polarity. Among the four solvent-partitioned fractions, n-hexane and 85% (v/v) aq.
MeOH fractions significantly inhibited MMP-2 and MMP-9 activity and cell mobility. In addition, the
n-hexane and 85% (v/v) ag.MeOH fractions effectively inhibited MMP-2 and -9 activity in the gelatin
zymography and MMP ELISA assay. In the wound healing assay, RT-PCR, and Western blot assay,
all solvent-partitioned fractions, except the H,O fraction, significantly suppressed cell migration, as
well as the expression levels of MMP-2 and -9 mRNA and proteins.
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Ag ASE A8 v&(Artemisia scoparia)< A FH A
e FAEANA AFAL TEolA A2A Fo £4
sto] A8t T ©]E dichloromethane (CH,Cl,, Duksan,
Korea)dll A 3ko] 2443 & F2d F oA st <
23] Wby AASAY. o] F Aol LY ¥ methanol
(MeOH, Duksan, Korea)< AF8-34 dichlorometane¥} Z-2
BAoR FZ2ES AT A4 FZFE S rotary vacuum
evaporator (EYELA, Japan)& 553 &, o] 5% £3 =
(394 g)& CHChLS HOZ 3319t b CH2C12 T
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Journal of Life Science 2021, Vol. 31. No. 12 1101

Artemisia scoparia

MeOH extract

CH,CI, extract
(38.91 g)

(123859)

Crude extract
(39.49)

CH,CI, Water

]

n-Hexane 85% (v/v) aq.MeOH n-BuOH Water
(5.389) (6.8 9) (6.46 g) (17.23 g)

Fig. 1. Preparation of crude extract and its solvent fractions from
A. scoparia.

(n-BuOH, Duksan, Korea)?} HOZ2 £33 o F53} n-
hexane (5.38 g), 85% (v/v) aq.MeOH (6.80 g), n-BuOH (6.46
g), HO (17.23 g) & &S5 AU (Fig. 1).

A-”EHHOF

Iz A 5% M Z(Human fibrosarcoma cell)?! HT-1080
& @M E5L23 (Korea Cell Line Bank, KCLB)ol A #4-&
grol Ao AF8-3} AT Penicillin-streptomycin (100 units/
ml) (Gibco, USA), 10% (v/v) fetal bovine serum (FBS,
WELGENE, Korea)= % 7}3 RPMI-1640 Hj 2] (WELGENE,
Korea)& AH83t4 0.1, 37C, 5% COY 274 A EE
Fatith W A EE 2-3¥ vttt 1X phosphate buffered
saline (PBS, BYLABS, Korea) 2.2 A2 ¢t 3o Wz & w33
FA Az A7} 80-90%7F HE A 0.05% (w/v)
Trypsin-0.02% (w/v) EDTA solution (Gibco, USA)< At-83}
of #2d Az ol AhH Fstiict

MTT assay
Naol AE5H < SA67] 93 v dE HT-1080 Al 2=
96 well culture platec] 5x10° cells/well 2 HZF3}o] 2447
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FQF 37T, 5% CO8 2AoA wigstaith Al WA = a gt
T oS 2F2E Y FYEES AYste A9 22 24
A 24A1E v oFstdTh WA E AATE -, 3-(45-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 1 mg/ml,
Sigma Aldrich, USA) €9 100 pl2 A g8te] 4413t 5 93
ANAT MIT €95 AAF ¥ dimethyl sulfoxide (DMSO,
Sigma Aldrich, USA) 100 ul2 #2]3e] JA4 € formazan
crystale $A38] =9 F 540 nmol A FFEE SAFH HE
AES(%)E FH3AUT

MEAYZEE(%) = {(control absorbance—sample absorb-
ance) / control absorbance} x 100

Gelatin zymography

HT-1080 Al £5 24 well culture plated] 2x10° cells/well £
T7ete] 9ot FYFd MjEFEAoA 2443 T vt
FBSE X ¥4 o4& RPMI-1640uI A & wA| e &, % 25
e 4 LY E At 1A% & MMPEE S &
71 9130 phorbol 12-myristate-13-acetate (PMA, 10 ng/ml,
Sigma Aldrich, USA)E A ldte] 2443 &2 v et gt
HjFete] A& 45 AL Bradford Al 2F(Bio-Rad, USA)2.Z
dds AFety, Fesde AR (15 mg/ml, Sigma
Aldrich, USA)& #f3te 10% (w/v) sodium dode-
cylsulfate-polyacrylamide gel (Duksan, Korea)oll loadingst
of 4719 %F3A . Gel& 25% (v/v) Triton X-100 (JUNSEI,
Japan)< 33k 50 mM Tris-HCl (pH 7.5) buffer® 30&7F
AT MMP ¢ A2t (gelatin) 7HFE3 & F 54
7171 93 10 mM CaCly, 50 mM Tris-HCl, 150 mM NaCl&
g3t developing bufferg AH&3te] 37°C, 48413t &<t
SA A, Gel& Coomassie brilliant blue 250 (LPS solution,
Korea) &40 & 30&1t @4 Al ¥, destaining &%
(MeOH : H,O : acetic acid = 50 : 40 : 10) 2.2 A3},
MMPel| ofaf Zaild Aetel o FE bandd] W2 S T35t
MMP-29} MMP-99] 44 SHEE F433 .

{0

ol

Enzyme-linked immunosorbent assay (ELISA)

MMP-2¢F MMP9 &89 Z4 & AzALe] Ao e}
DuoSet ELISA kit (R&D Systems Inc.,, USA)E ©] 4319 2.1
719 L 202 A AZIFYE Aol o] &3
ot 89Fk3tH, 96 well platedl] capture antibody (MMP-2:
#843027, MMP-9: #844926)% A ] 3ke] A0 A overnight®
W3- A Atk S8 (coating)® 7 welloll Reagent Diluent (1%
(w/v) BSA in PBS)E 1417t &2 A28k blockinga} % Th.
719 YT wHoE A2 A2l F5ds Adstd
F2AA 247 F WS AZ . ©]F, detection antibody
(MMP-2: #843028, MMP-9: #844927)% A ] 3te] AH-20] A 2

ANZE S BHEAFH o streptavidin-HRP9} substrate sol-
ution (H;O; : tetramethylbenzidine = 1 : 1)& <A = A7}
dtol g ol A 2027 ¥H& Al Z T, Stop solution (2N H,SOs)
£ A7 F, 450 nmoll A FREE ST

Wound healing assay

HT-1080-= Al Z & 12 well culture plate®] #F3}] well
G AE D=7t 80-90%7F HEE 37T, 5% COp 7oA vk
3t Yellow tips ©ol&3te] welld] 7hedlE AR
scratch® W& 7, FBSE X &slA %2 RPMI-164081 A 2 3
AstAth 2 wello] Hl& 2325 9 £3E5& A3, 04

2t 24N 3F A9 cell migration 35S #EE AT

Reverse transcription-polymerase chain reaction
(RT-PCR)

4719 U A0 E v Fd M Z oA Trizol reagent
(Ambion, Life Technologies, USA)E A-&3}9] total RNAS
F239th %9 RNA (2 ng), RNase-free water, oligo dT
£ A7tste 70T A 587t denaturationA 71 ¥, M-MLV
reverse transcriptase (140 U, Promega, USA)E A}-&-3}¢] 42
ColA 1A3F, 72T A 583 -GN A DNAS FA 33T
#4359 (DNAE MMP-2 (Forward: 5'-ATG-GCA-AGT-ACG-
GCT-TCT-GT-3, Reverse: 5-ATA-CTT-CTT-GTC-GCG-GTC-
GT-3'), MMP-9 (Forward: 5-CTC-GAA-CTT-TGA-CAG-CGA-
CA-3', Reverse: 5-GCC-ATT-CAC-GTC-GTC-CTT-AT-3"), B-
actin primer (Forward: 5-AGC-CAT-GTA-CGT-AGC-CAT-
CC-3, Reverse: 5-TCC-CTC-TCA-GCT-GTG-GTG-GT-3)&
Ag3te] FEAIFT. SE5 A7 DNAE 1.5% (w/v) agarose
gelol A A719% st9loH EtBr (1 mg/m)Z 44A#A UV
lightstoll Al band & &<l3t 4t

Western blotting

B719 e 2A 02 W] geh HT-1080 A Z] A RIPA
lysis buffer (Sigma Aldrich, USA)E Ab&3te] 94 & 2
3t At} Bradford Ao 2 A & 20 ugd D AE 12%
(w/v) sodium dodecylsulfate-polyacrylamide gel°l loading
] A7) Y53t H 2™, nitrocellulose transfer membrane
(Whatman, UK)ol @4 & transferA 7t} ©] & 5% (w/v)
skim milk® 1417t &<+ blocking3l % 1, MMP-2, MMP-9, {3
-actin (Cell Signaling Technology, USA; 1:4,000) primary an-
tibody, HRP-linked anti-mouse<} anti-rabbit (Cell Signaling
Technology, USA) secondary antibodyE AH-&-3%th. T 2
band= Western blotting detection reagent kit (GE
Healthcare, UK)Z §H-&-A/71 & CAS-400SM Davinch-Chemi
imager (Davinch-K, Korea)& ©] &3t ##3}3itt.
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2 UER 2.1, statistical analysis system v9.1 (SAS Institute
Inc, USA)S ol &3t 29| o4& AESTH ANOVA
& ot et #o4 HES 3912 Duncan’s multi-
ple range tests &3 F A 119 o4& p<0.05 FF ol A
A% ASetd

Z I
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FHEE SAst AY NR AESH =S AT
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o] A8 10, 50, 100, 200 pg/mle] FE== A 23te 3l
EE AE7F200 ug/mle] FEAA Bd AE 5
¥oH, 100 ug/mle F=NHE n-BuOH EZ &S A
EE AETH70% ofske] AEYEES HAT 50 yug/ml ©
o FRAAE 70% o] MEAEES B N5 AEE
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Gelatin zymographyE €&t £H|E MMPs2| 4% A
£ 2

Gelatin zymography A 2t&l 3 F 3¢ SDS &ejofad o}
o] = 2 (polyacrylamide gel)& AH&3te] &84 A 5o A
Agte o 242 Adstes 43 7ot PMAR =4
HT-1080 Al £l A EHlE MMPY £43% A4S v& 23
€ 9 B2 AdfeteAl Fsty] Asto] Azujef wiA
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apyl AHE3H AlZujf S AR AAGA EA o A&t
Ath PMA %h& Ae|d AZoA bR AL HeshA ¥
AT ET MMP-29 MMP-99] @ gfo] 2718 A< Sl g
T Ao gelatin zymographyoll A &1 77 Zo] n|%
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MMP-99] Tuid WS 7Hg wol #aAZH.

MMP-2¢ MMP-9¢] & o] H|& n-hexane &8 =l ¢
& 2t7} 356.1 pg/ml9}t 0.52 ng/mlZ, 85% (v/v) ag.MeOH
Y& sl 77t 3985 pg/mlet 0.53 ng/mlE 7+A3} T
(Fig. 4). Gelatin zymography®} ELISAE %3t H& 9] n-
hexane3} 85% (v/v) ag.MeOH -2 &0] HT-1080 Aﬂi«l MMP-
2 9 MMP-99] £H] JAd &S FE A ¢ F AU

l

€ T8t MMP 2R LS Seith PMA ¥he A2 Wound healing assay% S8 MZ0ISs 53 2t
A EAME MMP-29F MMP-99| W&o] fej2o e F7h3t Mg 23Ew 5 E9 w0l A% A/SF HT-1080 A2+
150
200 pg/ml B 100 pg/ml B50 pg/ml 010 pg/ml
§ aaaa a 2 b
Bz 1007 == o be Cl be ke
= d d d
= e e e Fig. 2. Effects of crude extract and its sol-
; 50 - g . vent fractions from A. scoparia on
S : . cell viability of HT-1080 cells. CON:
il control, C.E: crude extract. *M\feans
0 . with different letters are significan-
85% (viv) tly different (p<0.05) by Duncan’s
CON CE nHex  pgMeon ~ BUOH Water multiple range test. Values are means

A. scoparia

+SD.
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. 3. Effects of crude extract (a) and its solvent fractions (b) from A. scoparia on enzymatic activities of MMP-9 and 2 determined
by gelatin zymography in HT-1080 cells. BK: blank, CON: control, C.E: crude extract. ““Means with different letters are
significantly different (p<0.05) by Duncan’s multiple range test. Values are means * SD.

o oFsol WAE 4TS FdstAtt. AEF 2 (cell pro- agMeOH, n-BuOH #3 && A2 & 74 5ol
liferation)ll 2] 3t wound healing Z 35 & G Aol Fol FH R A
(serum)©] §l& ZHNA HEo]FE & |

=
B
ol
-
i
do
=
et
ol
2

= X . T 9o HO £9&9 A foe Axo
23t 24A7F & A XolF& #HF A3, Fig 59 Uetd g Ho|A X3
Hho} 2ol AEE AEstA ¥ 2Ty Afode AR
Zoo] AAX 2 Jdo HEEo] A A AT 244 7F RT-PCR % Western blottingS &5t MMPs2| mRNAL}
1‘01]“ NEEO| T4 AFHOE Bo] o]FHo] g&& 7 CHix disigk =8 2o
& & otk AT HE 2FEFE, n-hexane, 85% (v/v) PMAZ =% MMP-29} MMP-99] mRNA ¥ w7
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A 8000 B s
= =
E E 4
T 6000 - E
= £
7] )
2 g 3
= = a
o 4000 - e
N [ I, I
e nEL b
s 2000 - E 1 ¢ &
0 0-
BK CON CE n-Hex ::uﬁ(e‘;/)v}){ n-BuOH  Water BK CON CE n-Hex ::nﬁq(e‘;l)?] n-BuOH  Water
A. scoparia (50 pg/ml) A. scoparia (50 pg/ml)

Fig. 4. Effects of crude extract and its solvent fractions from A. scoparia on released protein levels of MMP-9 (a) and 2 (b) determined
by sandwich ELISA in HT-1080 cells. BK: blank, CON: control, C.E: crude extract. ““Means with different letters are significantly
different (p<0.05) by Duncan’s multiple range test. Values are means * SD.

85% (v/v)

aq. MeOH n-BuOH Water

A. scoparia (50 pg/ml) - C.E n-Hex

Oh

24h

Fig. 5. Effects of crude extract (C.E) and its solvent fractions from A. scoparia on migration ability in HT-1080 cells.

FFs S 222 4 £9E0] o] Afdte A=E RT- o #

PCR# Western blottinge &3t 2¢l3h3ith. HT-1080 Al

Foll PMAR @522 A, AgfskA] @2 Lo Hls] MMP-29} FHEE g2 7129 AdolE 3}&1 Feae] 52
MMP-9¢] mRNASH & d W@ Fo] F74gk A& 4T ¢ O ¢k A 2ok FAIES Hol, %, A= 71d

AR B & 2FEELS MMP-29 MMP-92] mRNAS} T 955 £ A (MMP)EH L 8t Al E 9 7]€(ECM) o v
A 4TS A9 PMAZ MMP 28 & fE81A ok £F A #gt) A FHolE A sE MMP A A &
A 22N A (Fig 6A, Fig. 6C). o] 3ol W& 28 Eo o]F & Bl AFH gtk MMP A Al Ao RAH o=
MMP-29} MMP-9¢] mRNA 3 @2 dh& ko] Hstg &<l AZE o] F 7| AB R EAE X8 EHOE NES 27
31t} n-Hexane B8 &2 PMAZ ©= A g3 A g ol Hl o YAl AiA 7] wzol MMP AA Ao tfgh 7
w3kl MMP-29 MMP-9 mRNAS] %<& 7+t 42.3%, 36.3%, AAA A7 AAUA = QAo MMPel| tf g =317 o
il whE S b7t 56.6%, 639%E MY 2 EOE AN ek MMP A s Ao tjst k&5 g3 ola) 7t F7hEel o
AT S 02 85% (v/v) agMeOH} n-BuOH £-8 5o of 2 A FES w3y 9t} E3], 4 MMP JAAE A=
A= MMP-29} MMP-92] mRNA 2t d whgefo] 7Ha of e A9 AeAe] B EAVL Qo 428 EAERET
He A #Fsgon, 53] 8% (v/v) agMeOH £ & ozt A, 9l d 5o At dgd HA=ZHH
n-hexane &8 &3 H$:3 $£F 02 MMP-29} MMP-9¢] © MMP AAAE 27] 4 o] o] FojA 1 9t}

WA drd A axE 2 Ao(Fig. 6B, Fig. 6D). 2 A7 et Aol A shE G ESL HE
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A o X
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BK CON n-He aq. MeOH n-BuOH Water
A. scoparia (pg/ml) - - 50 50 50 50
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MMP-9
MMP-2
B-Actin
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a
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s c s
< ¢ < E i cd
< 'E 7 = d
Z & d 2 3
I~ g o
£ S 50 S50
(e e a °
e X
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§ < =
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Fig. 6. Effects of crude extract (a, c¢) and its solvent fractions (b, d) of A. scoparin on mRNA and protein levels of MMP-9 and
2 determined by RT-PCR and Western blotting, respectively. (3-Actin was used as the internal standard. Band sizes were
calculated and depicted as percentage compared to control group. Values were normalized against house keeping B-actin
mRNA and protein levels. BK: blank, CON: control, C.E: crude extract.
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Fig. 6. Continued.
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