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Background: Bryophytes are a group of three non-vascular land plant divisions, consisting of
approximately 18,000 species known globally. These species are divided into mosses (Bryophyta),
liverworts (Marchantiophyta) and hornworts (Anthocerotophyta). Approximately 900 species of
bryophytes have been recorded in Korea. However, only a small number of researchers have dis-
covered new taxa and conducted taxonomic review. Therefore, Bryophytes are still considered an
unexplored field and are difficult to use as a resource. We describes a preliminary evaluation of the
biological activity on Marchantia polymorpha L., a common liverwort species.

Methods and Results: Studies on the anti-inflammatory effect were conducted to screen for bio-
logical activity. M. polymorpha was extracted using 70% ethanol (MPE). We examined the inhibi-
tory effects of MPE on the production of pro-inflammatory factors [e. g., interleukin-1p (IL-1p),
interleukin-6 (IL-6), nitricoxide (NO), and prostaglandin E, (PGE,)] in murine macrophage cell-
line RAW 264.7 activated with LPS (lipopolysaccharide). MPE decreased the production of NO
and PGE,. Aditionally, MPE inhibited the production of pro-inflammatory cytokines (e. g., IL-1p,

Conclusions: These results suggest that MPE has significant effects on pro-inflammatory factors
and that M. polymorpha is a possible anti-inflammatory therapeutic plant.
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Aej2]= (Bryophytesy ol7]2 YAHAR7 % apH, #&Hx
Ao] whdslr] ke §AFAEZ (Simpson, 2018), AFAET
(Bryophyta, Mosses), Bl 212t (Marchantiophyta, Liverworts),
Z}e| 748 (Anthocerotophyta, Hornworts) 5 3 71| &2
2 Utk (Goffinet and Shaw, 2009). A AAIHo 2= oF
18000 BEo] B¥shs Aow A#A oW (Goffinet
and Shaw, 2009), dWheoll= MR 50 7 194 % 622 % ne
=, B 41 2 84 & 277 BRE, Bo|F 2 2
BRTORE F 93 7 281 & 903 EFro] H¥sl= Zo=

BE vl o} (Kim et al., 2013).

SHd AETRd g ko] wayo] AErdde] Bd, o1
840 A&T7Fse oG, fxte] o] & o= RY WAt
:'_rgz:;_ :g_ﬁq_ﬂ- 7}15]_7_ 011;]_ t\:s} /\}a
ZP%PJ *é 9 Aol gk HEANA o7 HHiAE) GA

o2 AoHA Qe T BEHAEN vRIRE 7t
«l 23k Faxdeltt (KMGL, 2020).
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Loke ATAPE ©EE 7|7kl do] 49 A At

7] W] olF E&le FAEANT o A= Wt
= o] A7AEe oEl nsE e F
g R AEE 78 WWie 9, shite Ay
229 g Ut dE @0 o|2R AT oA s
#of & shtoltt.
ES-3) FEE nitric Oxide (NOYE 2H2L v~ E-9H4
F7] AEA oA, prostaglandin E, (PGE,) 52 ¢
21217} inducible NO synthase (iNOS) % cyclooxygenase-2
(COX-2)9l 2Ja FAH. NOE NOSo| s L-of=71d
(L-arginine) > E=7E] A AU o] 9 A5 Ad, g9
A 59 vos AdEl7lsE 7FY (Monacada et al.,
1991; Knowles and Mocada, 1992; Nathan, 1992). iNOS&
constitutive NOS¢= 2] e Zdo] HWH =gk Fo
NOE AHsH =Ho] A58 T4
I FHAe] ol % A7 59
al., 1996). ©]213t iNOSE thaA|
T2 cytokined} 2 MU A=A 23] wEo] o]t
(Nathan, 1992).

Y52 (endotoxin)@ - &7 LPS (lipopolysaccaride,
AdGGi)e 2H-SA4Fe] Azt EAsk=d],
RAW264.7 A X 52 monocyte B+ macrophage®l A
interleukin-1p (IL-1pB), interleukin-6 (IL-6), tumor necrosis
factor alpha (TNF-0) 52 AASA Ale]E7A (pro-
inflammatory cytokine)S %7M]Z1th (Mukaida et al., 1996;
Lazarov et al, 2000; Scott and Hancock, 2000; Axtelle
and Pribble, 2001; Lee et al., 2004).

ASuiNEZ L] AL phospholipase A2l &/l ]3] o}
2}7]E4E (arachidonic acid)°] ZZXEVZEFd (prostaglandin,
PG)CE W3l FHI NOE FA3te 49| Hgoe= 4
29t} (Vane, 1971; Funk et al., 1991). ¥uFE<l NO9| &
e glols AP AY T4 AlASE d U T8
9 Bt (Weis ef al, 1996), UZ4elo14 iNOSO]
AE NOw d3e] R, 75 59 g9

FSAAL] S T8t d5S ATl A
o2 FHEHAIT Mu et al, 2001; Ryu et al, 2003).
Cyclooxygenase (COX):= arachidonic acid® PGsZ &5}
E 71%0] YE BAE COX-13 COX22 EHHT
(Masferrer et al., 1994; Santos-Gomes et al., 2003). COX-
1= Aol 99 B dawe] 34, 37159 74
5] AR A7)l AHe-3kal (Masferrer er al., 1994),
COX-2= ¥35m7/lEHS] PGEE ¥/}, PGE= 9% Wt
S, de] 24 (angiogenesis), MY WS X5 5 &
it e o] e Aoz I Ut (Im and Lee,
2014).

9
=

N ot

[

fragto g Ao &4
&S 28} (Weis et

o=
T FolA LPS

P

fir s

-

1=
Rl

188

b
o
M

=PAR=R=

2¥ol7 (Marchantia polymorpha L.)= BlF2<% (Mar-
chantiaphyta)®] $-2+0]7]3} (Marchantiaceae)l] <314 F714]
g sloko] &gk WhgAoA 2R &3] A=t (Kim ef dl.,
2013). 53] AT AYGollM= T 52 AuE s Agujgt
2oy I WX = Al HAske Foltt. $4tel7l=
=, QlE, A f§9 S7F oA SR A, vd, F
g 59 X AMEEATE (Trdn ef al, 2018; Tran et dl,
2020). H=5F hks), akt, v, Aok 9 akkzatoln] &40
Je Aoz FHE vk At} (Mewari and Kumar, 2008;
Tran ef al, 2018; Wang et al., 2016).

AejaZe] S o T SAsAY Edo] 9E7]
Fo] Ao BAZE 7hvEE Holuh 71 widke] 7FsstaL
Y55 AlE GA] Aol FA=] (Tran et al, 2020),
AAstE 7hss Ao 7|oiE

2 A= AT kel FEES ]85t
doll gk A& FAsAT oI5 Fall $Akel7)7}
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1. A2 AF Y X2l
20199 59 AFEEAXE MAEA] Fa5 244 AFH

St 92017 (M. polymorphaye B5% ©l&3ted & 59 ©]

RS AAT F, AEE 245t w72 5t &
£ AE2 AR
2. FE2 N&

kol NEE 0% oehES o]

aa

FAAZIE EE3] oeke
w|2 &3)AIAH 0.2 m membrane filter (Advantec
MFS Inc., Dublin, CA, USA)Z A|#3le] 4TCol| BAshHA

& Aol ARg-siiT

5
T
&

3. MIZ HH

ATCC (American Type Culture Collection, Rockville,
MD, USA)ZHE AF (murine) tHAJH EF RAW264.7S T
A3ted, 10% Fetal bovine serum (FBS), penicillin (100
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units/mf), 2 streptomycin (100 g/ml)S %7} Dulbecco’s
Modified Eagle’s Medium (DMEM, Thermo Fisher Scientific
Inc., Waltham, MA, USA)IA wl31sie). o] AlxEL 37C
25 270X 95% air, 5% CO, 7l &7] =7 3t x3}
ZFENolA i FsaL, 72 AJZE ket AliuleF sksich.

4. Nitric oxide ¥ &I} (NO assay)

RAW264.7 A|£E 10% FBSE #7let DMEM HiAE A}
310 1.5 x 10° cellsyml 2 28 3 24-well platedl] HE3}
3L, Akl FEE AIESE LPS (1 wg/mb)ys SAlol A2 st
o] 24 AZF 52t wiFsisint.

NO2| A &S Griess AlF [1% (w/v) sulfanilamide,
0.1% (w/v) naphylethylenediamine in 2.5% (v/v) phosphoric
acid[& ARE-3te] MEnjge Fo] NOyo| FH=E A5
o} Al Euld N 100 02} Griess AF 100 S E5}3}
o3 96-well platel A 10 &7F RESAIZL & 540 nm o] &
F=E Y3 NO2 A% sodium nitrite (NaNO,)

£ standard2 ¢ H|WE T3 H7IsEAG

5. MEZ=s4
assay)
RAW264.7 A1 (1.5x10° cells/ndyS DMEM iAo $-
Abo)7] F2E g LPS (1 wg/ml)E LA o Agste] 24
AIZE et &, E53 wiiiAE A4lEE sl (3,000
rpm, 5 min).
Al 257

I} (Lactate dehydrogenase assay, LDH

% 7}= non-radioactive cytotoxicity assay kit
(Promega Co., Madison, WI, USA)E A}&-3te] A3
A BEste] 42 vk wlA] 50 1L 9 reconstituted
substrate mixZ 50 (05 96-well platecl] WL, A4 30
E7F 9SS A7l B 50 40 2] stop solutionS HE T2
microplate reader (Bio-TEK Instruments Inc., Vermont, WI,
USAYE o]-&3}o] 490 nm oM 9] F3=E 43T 2 Al
o gk FAE3EE e, tix< (LDH control, 1
15,0000 F3%E wHe] WuE Bl AlEsAdS HrksIsi

al,

6. PGE, (prostaglandin E2) #M K| g5 T}
RAW264.7 M EZE DMEM HIXE A}&3le] 1.5x10°
cellsmé 2 ZZ3}o] 24-well plate o HE3 ¥, 5% CO, &
271914 18 AlIZF A T3Stk 8 viAlE Al A
3§kl FEE AIESF LPS (1 wg/mlyt 25 Shre A)
HiZE At Mujda 22 202 uisiGith 24 Al
7+ o]% PGE, & Z4staat wief wiAE 12,000 rppme=E 3
7+ Aaldelste] e Ak
243322} PGE ELISA kit (R&D Systems Inc.,

PGEQ% = O
Minneapolis, MN, USA)Z #3903l standardel] TSt EF

¢
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9] PRk 099 oo s FRlHtt.

7. iINOS & COx-2 & M| =5 EII (western-blotting)
ol ¢hud AEXES st 2 3 - 3 3 PBS

(phosphate buffered saline)@ A2 3oL, Alx-83) W3 [50

mM TrissHCI (pH 7.5), 150 mM NaCl, 1% Nonidet P-40,

2mM EDTA, ImM EGTA, 1mM NaVOs;, 10mM NaF,

ImM dithiothreitol, ImM phenyl methyl sulfonyl fluoride,

25 pg/mk aprotinin, 25 sg/md leupeptin}E H7Fske] 30 &

7k 4T z73belA &8iAZl & 15,000 rppmo 2 15 E7F
daEste, NEet AR 5 AASAY. dude] T

A== bovine serum albumin (BSA, Sigma-Aldrich Co.,
St. Louis, MO, USA)S % 53}31%2™ Bio-Rad Protein
Assay Kit (Bio-Rad Laboratories; Hercules, CA, USA)E
o]-g-3sl3itt.

Held 9E 20 g - 30 g E 8% - 12% mini gel
SDS-PAGEZ WA #2393, polyvinylidene difluoride
(PVDF) membrane (Bio-Rad Laboratories Inc., Hercules,
CA, USA)° 200 mA 2 120 #7F transferstit. g
membrane blockingS 5% skim milk7} g€ TTBS (0.1%
tween 20 + TBS) §dA] o] =71 ol 120 &7+ A
R EsA=g

B E iNOSe| ¥g AES] 93 FAZ anti-mouse
iNOS (Calbiochem, La Jolla, CA, USA)S, COX-29] 4=
A& 9%k FAZ anti-mouse COX-2 (BD Biosciences
Pharmingen, San Jose, CA, USAYS AR&-3}o], TTBS &9
A1 1,00082 3jAste] A2olA 120 E7F WAL 5
TTBSZ 3 3] Agslitt. 2 2} A 2= HRP (horse radish
peroxidase)’} ZA3E anti-mouse IgG (Amersham Pharmacia
Biotech, Little Chalfont, England)S 1 : 5,0000-2 3]4]35}]
30 & B Ad=olM vESAIZ] v TTBSE 3 W AR 5
ECL 712 (Amersham Biosciences, Piscataway, NJ, USA)=}
1% -3 58798 3 Xeray 259 7=gAIZ T

8. GI=M AOIEIIR! (TNF-g, IL-1B, IL-6) MM K| 5
=}

RAW264.7 A E (1.5 x 10° cells/md)S DMEM HjA| = o] &
sl METE - U 24-well plate ol HE3ML, 5%
CO, 271014 18 AIZF Zujek 3Lt o] § vix|E A A3}
3 RAW264.7 AlX+= 10 ¥ F% (25, 50, 100 wg/ml)Z
ZAE FE2E AE 50 L9 450 L] LPS (1 pg/mlys 3
ek AER viRIE SA A2letdar dujdt sde =4
o2 wiYsisth. 24 Al 3 F uiF wiXE 12,000 rpm
o2 3 27k Yt g
cytokine A3 SHES

AC)

S35t AN pro-inflammatory

L BE AEE ARl A7t



2] 20T o]ste] =71 3slolx] Baaidct.

Pro-inflammatory cytokine®] %2 mouse enzyme-linked
immnunosorbent assay (ELISA) kit (R&D Systems Inc.,
Minneapolis, MN, USA)YS ARE-sle] 4733} aL standardl]
ek EFEFAO P 099 oldo R vElTh

9. SHIEAM

HAAATNE 3 ¥ ol 59420 AF9 HolHE mean +
standard error gt = YERHITE A Alele] FAA el
4 77 Student's rteste} Statistical Packages for Social
Science (SPSS 23.0, Chicago, IL, USA) tests A3 &
1% 2 5% folesoz AT (p<0.05 “p<0.01).

i 2 oFE

p =)

1. IS F52

Mz 2 8

-4kol 7| (Marchantia polymorpha) 7AZAE (20 )&
70% &= FE5L st g535 FE29L Y 55
gt & FAAR TS 8] AASI 2FEE 2 ¢
(3.66 g, 18.3%)yS At

2. Nitric oxide 28MAA| S}

RAW264.7 &M EE LPSOl oJ8) A==, o|ZA A=+
H gAHEE 45 AEZ] No2 Aol F7ksHl ok
(Yamamoto ef al., 1994). LPSell ]3] A}=¥ RAW264.7 Al
Fol A AHE= NOdA| gk 4tel7] FE2E2 JAaHE
Yol 2} Al Eo AAE NO %2 Griess A FS ARS8l
AlZrj Y S0l Ak NOyo| Ju= Stk 2 4
I 70% olehe: FEEIA thZEel LPS T X2kl H]
3 =2 NO A4 JAaxE FAF 4= U9k 53] 50

=HUE T OMRART. =

ﬂ
od
M

ugil 8] FEoME MEFA S5 HolA
gk NO B4 dAExE BAT (Fig D).

o
oA

2. NIZ SH0f| OiXl= Ygt

LDH (lactate dehydrogenasey= =& AM|EZ2] MEZF Sl
EAsh= E4F pyruvic acid 9 lactic acid 7+ 7191& A
ghol| #ofsto] FujAhg-S sk, LDHE WXES XZo] 33
4 49, €9 Fo= Tyl % LDHVF s dith
RAW264.7 A Z (1.5 % 10° cellsyml)ol] A& &3} LPS (1
wgmlys FAlOl Aglste] 24 A7 F<k wifel ¥, LDH
assays T3 AIEZFAS EIst A}, 94tol7] 70% ole-
FEEA AE=Ao] YEPA] 4sket (Fig. 1).

3. PGE, ‘¥4 %A S0}

S0l 54 92 3L U= cytokineS! TNF-a9}t
IL-62] 2EE Asjsry, CoX-2 BAANE Z¢se
PGE,2] AAAE F3l pro-inflammatory factor®] F71H&
Frshs WHag S 24 5 )8 7FsAde] =1 (Yoon ef
al., 2007). RAW264.7 celloll -$-4to17] 70% ol|ehs: FEE3)
LPS (1 wgmlyE LGAlel AHzlate] 24 AIZF vkt ot
PGE, ELISA assay kits ©]83}> PGE, A4 <A &4
o8t A}, 9kl 70% ek FEE0] B
2 PGE, A4 Al €48 HAS IWIT
2).

4. iINOS 2 COXx-2 AM x| S1}

INOSE= thi7le] A9 AE el EAekA] &ou} det f&
= AT B2t thde] NOE AAdsh, AAdE NO= HE
ARl "ol g, Mo 5, A9 &4 53 ol AA

of FallalAl 2Ha-3ich T3k FSAdEolA INOSSE COX-29]

120 | mmNO assay -—+—LDH assay 120
- 100 - 100
;:.‘ =
= 80 | {80 =
8 @
S 60 . 160 9
B 2
5 40 - 140 ¢
o +* +* 3

0 + 0

LPS - + + + + + (1 ug/mL)

sample - - A 125 25 50 (ug/mL)

Fig. 1. Inhibitory effects of 70% EtOH extract of M. polymorpha on NO production and cytotoxicity in LPS-stimulated RAW264.7
cells. The production of nitric oxide (NO) was assayed in the culture medium of cells stimulated with LPS (1 zg/m{) for 24 h in

met

the ﬁresence of 70% EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 1g/mf). Cytotoxicity was determined using the LDH
od. Values are the means = SEM of triplicate experiments. Means with difference letters are significantly different by

Student's t-test versus LPS-treated group (p < 0.05, “p < 0.01). A; 2-amino-4-methyl pyridine (20 pM)
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Fig. 2.

Fig. 3.
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A

120

100

80

60

40 +

PGE;, release (%)

20

| .
+ (1 ug/mL)
50 (ug/mL)

0
LPS

sample - -

Inhibitory effects of 70% EtOH extract of M. polymorpha on PGE, in LPS-stimulated RAW264.7 cells. The production of
Prostaglandin E, (PGE,) was assayed in the culture medium of cells stimulated with LPS (1 zg/mf) for 24 h in the presence of 70%
EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 g/mé). Values are the means + SEM of triplicate experiments. Means with
difference letters are significantly different by Student's t-test versus LPS-treated group (p < 0.05, “p < 0.01). A; 2-amino-4-
methyl pyridine (20 puM).

12,5 25

LPS - + + + + + (1 ug/mL)
sample - - A 12.5 25 50 (ug/mL)
iNOS T — R —  — 130kDa
COX-2 S — — w— 72kDa
B-actin — — S— — — — 42 kDa

Inhibitory effects of 70% EtOH extract of M. polymorpha on the protein level of iNOS and COX-2 in LPS-stimulated
RAW264.7 cells. RAW264.7 cells (1.0 x 10° cells/mf) were pre-incubated for 18 h, and the cells were stimulated with LPS (1
1g/ml) in the presence of 70% EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 1g/mf) and 2-amino-4-methyl pyridine (A,
20 pM) for 24 h. iNOS protein level was determined using immunoblotting method.

o3 ¥ NOSH PGEy= d#e] %34, ¥% 3 5 5  ®% oiizl wuaAgdA o ¥d Axrt S7tE
o FoHe dsuAAel S e 9SS BS (Dinarello, 2000), ¥E3 FHAA Lok ATl LI
AsA7lE Aem IHA ATk (Tezuka er al, 2001). A4S Tk TNF-o7t 954 5t #do] slee 4

$Atol77] 70% ol FEEo| 23 NO 2 PGE, A4
A Aol INOS9 COX-29] o A2 <lgh ZQIA] &

=

Ql}arA} T o] 252 Western blot analysisZ 22135}

t}. RAW264.7 cello]l LPS (1 pg/ml)e} $-2+o)7] 70% ofek
= FEES 24 N7 A v, INOS, COX-2¢] il o
A S gl 2 A3k 9Akl7]€] 70% e F&
o] iNOS % COX-29] & oA &AL Holi U
4 AT} (Fig. 3).

d

[e)
=
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e

i=1

5. Pro-inflammatory cytokine (TNF-a, IL-1B, IL-6) 4
oM 23t

TNF-09} 22 o 71574 cytokine “3/d=2]ol4

[elNe]
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2] gHA Ut} (Piguet et al., 1991; Burrell, 1994).
RAW264.7 cello| X 9-4Fe]7]9] AAFA Ate]EFIRIQL
TNF-0, IL-1p 2 IL-62] 2del] mAE P& ELISA kit
£ o]g3l] IS TE RAW264.7 cellel LPS (1 ug/md)
g8l IL-1p, IL-6,

9} 9Akol7] 70% e FEES
TNF-a2] A4 oA 48 s A3, IL-1B, IL-6,
TNF-a Ao et (Fig. 4 -

m
=
BE Aol oAE

AEHo 7,
oJu|st FAS
2 &8 7Fsgo]

3]

o
z
L
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Fig. 4.

Fig. 5.

120

100 -
80 *
60 |
40
20
0
- + + + +

LPS + (1 ug/mL)
sample - - A 125 25 50 (ug/mL)

Inhibitory effects of 70% EtOH extract of M. polymorpha on TNF-a in LPS-stimulated RAW264.7 cells. The production of
tumor necrosis factor-a (TNF-a) was assayed in tﬁe culture medium of cells stimulated with LPS (1 g/mf) for 24 h in the presence
of 70% EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 £g/m) and 2-amino-4-methyl pyridine (A, 20 uM). Values are the
means + SEM of triplicate experiments. Means with difference letters are significantly different by Student's t-test versus LPS-

treated group (p < 0.05, “p < 0.01).

TNF-a production (%)

120
T 100 |
c
S 80 |
g
g 60
o +
«w 40
=.J 20 7 l -

0 E

LPS - + + + + + (1 ug/mL)

sample - - A 12.5 25 50 (ug/mL)

Inhibitory effects of 70% EtOH extract of M. polymorpha on IL-1§ in LPS-stimulated RAW264.7 cells. The production of
Interleukin-1B (IL-1p) was assayed in the culture medium of cells stimulated with LPS (1 zg/mf) for 24 h in the presence of 70%
EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 /2g/m{) and 20 uM of 2-amino-4-methyl pyridine (A). Values are the means
= SEM of triplicate experiments. Means with difference letters are significantly different by Student's t-test versus LPS-treated

group ((p < 0.05, "p < 0.01).

120
® 100
E 80 -
s
32 60
2
S 40 |
‘? **
0
LPS - + + + + + (1 ug/mL)
sample - - A 12.5 25 50 (ug/mL)
Fig. 6. Inhibitory effects of 70% EtOH extract of M. polymorpha on IL-6 in LPS-stimulated RAW264.7 cells. The production of
Interleukin-6 (IL-6) was assayed in the culture medium of cells stimulated with LPS (1 xg/mf) for 24 h in the presence of 70%
EtOH extract of M. polymorpha (12.5, 25.0 and 50.0 zg/m{) and 20 pM of 2-amino-4-methyl pyridine (A). Values are the means
= SEM of triplicate experiments. Means with difference letters are significantly different by Student's t-test versus LPS-treated
group (p < 0.05, p < 0.01).
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