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Abstract Biorenovation is a biotransformation method that
converts the structure of chemical compounds and natural product
through biocatalytic metabolism of microorganism and could
enhance biological effectiveness and mitigate cytotoxicity compared
to its substrates. Althaea rosea L. has been used as oriental
medicine and is known for physiological efficacies such as anti-
urolithiatic, anti-inflammatory, and anti-cancer activities. 4. rosea
L. callus, the plant tissue grown to protect its wound, has been
reported to have antioxidant and whitening effects. However,
mechanisms of its other activity such as inflammation have not
yet been investigated. In this study, we extracted A. rosea L. callus
(AR) and produced biorenovated AR (ARBR), and then analyzed
anti-inflammatory effect in Lipopolysaccharide-induced RAW
264.7 macrophage at 50, 100, 200 pg/mL of ARBR. As a result of
inhibition test of nitric oxide production, it was found that ARBR
was superior to AR without apparent toxicity. Furthermore, ARBR
significantly inhibited production of prostaglandin E,, inducible
nitric oxide synthase, cyclooxygenase-2 and pro-inflammatory
cytokines including Tumor necrosis factor-a, Interleukin-6,
Interleukin-1B in a concentration-dependent manner. In conclusion,
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we suggest that ARBR could regulate the excessive inflammatory
response to an appropriate level and be a promising material for
functional cosmetics and pharmaceuticals.
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S-(inflammation)y>- THAIA| 329} T2 72 TS| 3 (immunocyte)
| #ojsls A4 Y wkso 2 (1], YAl Yoyt S4

5 A= gl ot &4 228 AlA 2 AAsa, J
AAE Wojslr] sl wAYH2,3]. - dAMle] <t
EA)3= lipopolysaccharide (LPSy= TIAMES X3sH G54
E9] LPS Aj w2l CcD149} A3t 5 toll-like receptor
45 &243}A]A tumor necrosis factor-o. (TNF-), interleukin-
1B (IL-1p), interleukin-6 (IL-6) 52 HAZA cytokine, L2
3 inducible nitric oxide (iNOS), COX-2 53} 7+ A5 wf
NRIALe] HHE Frshes AR dEA Urh4-6]. 95 L
Q1z}el nitric oxide (NO)E nitric oxide synthase®l] 2|3,
prostaglandin (PG)= cyclooxygenase (COX)ol 2lair] FHA
=8 A= 37FA] isoform % neuronal NOS¢} endothelial
NOS= 417 9 WiaA| oA 3 I3 s= v, iNOSE 7
& W2 giMxeA ddEoe] dHF FAo| Teth{7-9].
FAR= COX-13F COX-22 U™ oz A A A4 Hds]
= COX-13} €2, COX-2&= A=l 28l PGl §de Fx&t
FSHSS FEETH10]. 955 Askehe PGoll= WA
© 2 prostaglandin E, (PGE,)7} o™ 3} W59 glo]
He Aoz dEiA AuHlL,12]. o3 FPor frHe o
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o2 AUollA HE=A] FelElojof FRX|RE L1 =02 QI3
e = AxPL FsiA BAAEE 28y o, HEdE, 5974
sl, ¥ ZE T THHESH A &4E o F A
[13,14]. WA 95 e sl a3z xf3l7] ¢
A AgAe] U8 At EEstA FdEE Tk, w2 F
2hg HIET F2 PSS 7R HAEo] ofF RokllA ©
o zEo Wy QUHIS,16].

HAZE (Althaea rosea Ly =3t F=1, AlHglols Yatez
3= ol (Malvaceae)?] T30l &2, kaemferol} kaempferol
o] =4, quercetin, quercetin®] =] T T, T, A3}
T 22 USs AEgs 7R RS Tk R
ATH17-19]. H3h, HAIZS o] stHatal 7]ewiste] F ok
SR o AHE, o= Tl a5°] o] YdAER shyek
Az AFEEZ ATH20-23]. E =RolA ARESE HAIZE callus
= &0 FGAIE B dge AE oz BolwR] &
2 2E9 M dojg] 58 JAFHoE dA=TH24]. Tk ¥
YA ZHoY A 5o HE RALGFE HEE] SlEiA
callus7t FHE FeIZ A4S AoH[25], AFEE AYX
UM i A wllx] 2 w4 &= 2, Ui bl
& 2 A HEAY Aol 7FstrH26]. g FAIFE callus
= AEE Aske Aol Holum vl 558 7HRAL A
AAsPds AZA 28 7E7F Jokal B vt AnH27).

Ht ofoRFEt ofug} SEE, 27FAFAM S HAE &)
AH1E 840 WAL A0l HojR|= AR %S &Y
A 7 e 71EE AE3l AEA RE SN 2

| & #4de T TH2930). ol2d Ve Aeds 9 &
g A F7F Fol T EHolrt. £ Aqtellx] AExgle] A
biorenovation HAJES] dALE &8t 7|HoZ TEA|7}
2 AAE U EAlek= 7] siES wgkle 75 A, =
melanin T4 A 5 TF o &8 7RE S
ATHE AS Kim[31]7 Lee 5[32]2] A+E T3] d=3I
[33]. webH HASE callus FE=o A2 71 9 shi
biorenovatione 48314 RAW 264.7 cellell thet 593} &
F=ER] IA a3E HrigeaH, JHTel mxe 4
S BRIk Hlo] 9 Ak AAR] §-8498 WA S
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AAE callus 25 A=

Bl AREE WAL (dithaea rosea L)) calluse =4
AT BERLAERFE AT LT 043% (W)
Murashige & Skoog, 0.01% (w/v) myo-inositol, 3% (W/v)
sucrose, 0.4% (w/v) gelrite (Duchefa Biochemie, Haarlem, NH,
NLD), 04 mg/L thiamine HCl, 1mg/L 2,4-dichlorophenoxyacetic
acid (2,4-D, Sigma-Aldrich, St. Louis, MO, USA)E 3 7}3t
WA S ARgSle] 25°C, oF oM g & Ao R ks St
Atk o5 Ax FAF 1 gl tigk 1091e] FATE A7tk
70°ColA 2xele] FFFEE s, FEHL paper
filter2 of3}slal 79t F&S F FA7Z7|(HC3110, Hanil
Scientific Inc., Gimpo, Korea)s AM&-3le] 7Axs & g9

ARg-sEIT.

vl BE wlg &£ BAIZE callus®] biorenovation W3-

Booo] MEAS 7|l A% Bacillus siamesis JD3-T<-
F(KACC 92346P)= AlF= Al 7HgoA Eel3tsom,
Luria-bertani broth (BD Biosciences, San Jose, CA, USA)°l
A 30°C, 200rpm FAOZ 16A7F Bt ujUsl 4416 g,
15min, 4°Co] 27102 4lRelste] wjgde AlQlgt vAd=
AHES FESI0TE 3, o] mjgls AAsk] et PG
buffer (50 mM Phosphate buffer, 2% Glycerin)2 23] 23}
R, PAES PG bufferel] dEste] tixto g Agsiith
AEAZE vAE dedo] HAIZ callus AZ AlE 100 mg
< 7kete] 30°C, 200rpm HCZ A7 9t vk,
AEelsel Polxl A5 FAAZINE ol§3e] 2
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Biorenovation F¥E<] HPLC ¥4

HAIE callus FEE(AR AEHS 7oz Aske HAE
callus FZE(ARBR), &< PIAE 5N (BS)e] HPLC ¥
215 98] Shim-pack GIS CI18 Column, 5pum ODS, 250x4.6
mm LD. (227-30106-08, Shimadzu Scientific Instruments, Inc.,
Baltimore, DC, USA)®} Shimadzu SpectroMonitor 3200
digital UV/Vis detector (228-42593-43, Shimadzu Scientific
Instruments, Inc.yS AFE3ISIt) ©157d €= 0.1% trifluoroacetic
acid (TFA, Samchun, Pyeongtack, Korea)E Z7}s+ A %
(Solvent A)9} acetonitrile (Solvent B, Sigma-Aldrichyg A&
AT 40°C2] column =04 AHA|gol 343 N85 7}
10 uL2 YL 732 1.0 mL/minE 273}, Solvent A:
90%, Solvent B: 10%°l4] Solvent A: 0%, Solvent B: 100%
7} H& gradient AL E 254 nme] wFFolA 3082 FoF £
< s

Ad As & AEeF

B Agolr] AMEE RAW 264.7 AlEE w2 fafl tiaAlE
2, =AM EF23) (Korea Cell Line Bank, Seoul, Korea)oll4]
FEoFrgkth 10% Fetal Bovine Serum (FBS, Gibco, Grand
Island, NY, USA)} 100 units/mL penicillin-streptomycin (P/S,
Gibco)©] -f-E Dulbecco’s Modified Eagle’s Medium (DMEM,
GibcoyS HFH o2 ARSI 37°C, 5% CO, 27N wiF
stem, 2~3d F71= Al wigsiTh

A 54 24
ANE HEel <3 RAW 264.7 AlE2] BEES MTT assayS
2l gHelslsit}. 24 well plated] RAW 264.7 HZZ 8.0x10*
cellsiwell2 73 §, 37°C, 5% COZ7S=E 2447k %1 uif
%3tdth. AR, ARBR, BSZ 50, 100, 200 pg/mL =2
LPS (1 pg/mL)%t &A1 A2lsted 24417 wjFakal 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide (MTT,
Sigma-Aldrich) €15 715l 37°C, 5% CO, Z7A 3]
7F FS REEAIFT o] FAE MTT formazan 27|
dimethyl sulfoxide (DMSO, Sigma-AldrichyS F7}sle] 834
7131 96 well plate2 &7 ELISA reader (Multiskan GO
spectrophotometer, Thermo Fisher Scientific, Waltham, MA,

USA)Z ARE3l] 570 nmolld T3 =2 23319 o)
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LPSel|l &3 &3E NO AA&ES Axe] njgdel] &xjst=
NO, (nitrite)e] FENZ ZH3SIATH [34]. 24 well plateo]l
RAW 264.7 cellS 8.0x10* cellsiwell2 #53}o] 37°C, 5%
CO, incubator (BB15 CO, incubator, Thermo Fisher Scientific)
ol 2477k A wjkslal AR, ARBR, BS (50, 100, 200 pg/
mL)?t LPS (1 pg/mL)E &A1 A2|ste] 24A7F wiFsiaict. o]
T Y 5N Griess® reagent (Sigma-AldrichyE 100 pL?
% Egsle] W-EA]Zl & ELISA readerE ©]-83k] NO A

4 oA BHe Z4sen

PGE, A4 oA 84 &3

RAW 264.7 cell2 8.0x10% cells/well2 24 well platec] &5
33 37 °C, 5% CO, incubatordl] A 24A17F A ek F
ARBR (50, 100, 200 pg/mL)?} LPS (1 ug/mL)YE FA 2|3}
o] 24A17F Wittt olF FEAE 4T F mouse
enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems
Inc., Minneapolis, MN, USA)¢} ELISA readerS ©]-&3}o] A
Eejgel) We] PGE, e ZAskich

Western blot analysis

RAW 264.7 AIEXE 6 well plateol] 4x10° cells/well2 H5-3}
3 37°C, 5% CO, incubatoroll Al 24A]7F A vt of2,
DMEMS. 2 3]43s ARBR (50, 100, 200 pg/mL)$} LPS
(1 pgmL)yE SAlel Aglsted FLg 2712 CO, incubatorellA]
24217 ERE vt ol WA E AlASAL AMEE PBSE
23] washing®t ¥, 1mM phenylmethylsulfonyl fluoride, 0.5
mM Na;VO,, 1% protease inhibitorS 3X~3$F3F RIPA buffer
(Biosesang, Seongnam, Korea)S ©]-83}¢ lysiss}A L, Y4IE
Z@4°C, 15928 ¢, 30min)dte] @ AS 33k BCA
protein assay kit (Thermo Fisher Scientific)s ARE-ste] Ty
Aol %Q20pgys YA BHSFIIL 2x Laemmli sample
buffer (Bio-Rad, Hercules, CA, USA)¢} 1:12 A3l 10%
SDS-PAGE gell #719% ¥, poly-vinylidene difluoride
membrane (Bio-Rad)ell Z1¢]3}$It}. Membrane blockinge 5%
skim milkE &3 0.05% T/TBS (0.05% Tween 20/Tris-
buffered saline)l] ¥o] AFLox 2417+ Fot AYFIAUL o] F
0.05% T/TBSE 1057} 43] washingslith. 12+ &A= iNOS
antibody (1:1,000, Millipore, Billerica, MA, USA), COX-2
antibody (1:1,000, Rockland Immunochemicals, Inc., Pottstown,
PA, USA), B-actin antibody (1:10,000, Bio-Rad)E *]2] 3}
4°ColA 18717 &S WEE3E TR, 0.05% T/TBSS ARg-ated
1058 7+Ho2 48] AH3TE ©1F 1:10,00002 3143t anti-
rabbit 1gG$} anti-mouse IgG (Cell Signaling Technology,
Inc., Danvers, MA, USA) 22} &AE membranedl] * 2|35}
2AIZF Fot A2olA] HES3I9AL, 0.05% T/TBSZ 43] washing
313tk Membraneol] Aol=AW TldS #tatr] 918 ECL
kit (Bio-Rad)®} Imaging densitometer (model GS-700, Bio-
Rad)s AM&3l9ed, a7 & ddd @E Bactin, iNOS,
COX-2¢9] ™A& imagel program (NIH, Bethesda, Rockville,
MD, USAYS g3l Fx|slste] aej== JepfiSdtt

AEFA ARIEFRI(TNF-0, IL-6, IL-18) B4 oA &4 33
24 well plateo] RAW 264.7 AIXE 8.0x10* cells/wellZ ¥
Foto] 37°C, 5% COxoz 2477 A wiFstal ARBR
(50, 100, 200 pg/mL)¢F LPS (1 pg/mL)E Ao sl &
Ak 2719 incubatoroll A 24417F wiFedTt. o] F MY T
NS 3], Mouse TNF-o ELISA Kit (Invitrogen,
Carlsbad, CA, USA), Mouse IL-6 ELISA Kit (BD Biosciences),
Mouse IL-1p ELISA Kit (R&D Systems Inc.)& A3l 4
S ol EA3k= pro-inflammatory cytokine %S =74

St
SAA

BE A 33] vHEele] SHsision, A9E Hat + &
FHEAE eI, BAIXE s 99ufx] EAHEA (one-way
ANOVA)S AAJg & student’s t-testZ T B A3 A,
*p <0.05, **p<0.01, ***p <0.001 F=AA 2+ A= 74 F

A Felide At

2 3

Biorenovation A¥-E2] HPLC ¥4

eS8 71 AMESE #70] dE) BSE tiRTORE 3t
HAAZE callus 25 (AR) 2 AEASE HAL callus 5
£ (ARBR)S HPLC #4o=2 vlwslsit). vlw A3, ARBR
oA ARINME EAEA & AMZE$ peak’t 19.5 mind 23.5
minllX AEHNLH, 7|1 peake] o] W3l AL gl
BIk(Fig. 1). ol AEHS 719 52 3lUQl biorenovavtion
< B9 AR Ul EAl8k= SItES] 27 HABEAS AAE
s}, o]2fst Wk Sim 59 AF[35] ZHE niEe= V&
FEE Ob] o] PdEs 59 AR HI=E olojd &
QouF LPSE L RAW 264.7 cellor] AAS a5}
AEskd 35S HrkeITh

AR3} ARBR, BS9 MX 54 "z 33

AR} ARBR, BS¢ MXZ AEES A7 HsllA MTT
assayS AMEATE MTT assaye AIE Ul HEZ=Eole] g4
4284 28-S 53 MTT tetrazolium®] MTT formazan 3
&S vwah=s WotH36]. RAW 264.7 celll AR, ARBR
2 BSE ZFZ} 50, 100, 200 pg/mLeE &3 Az} LPS A
] AE BEEE AE TR tiHlEke] 89.1+3.7%%
< BRI om[37], Zzte] A8 Al e d oA F
A7RE Y] 87.7+1.7% olde] AEES HATK(Fig. 2). & 4
A AAE e R MEd gt A4S YEhA e 59T
TEZ F7HHQ AdE AT

AR3I} ARBR, BS¢] NO A4 94 &4 ¥z

NOE AUolx Az, ARAAGER, HId2 28 59 7]

S A, FHmsA AR Aol AEe) 27 48

slo] A= A3S fuksith38]. ol2ld NO A4 A& &
At A3k, AR NO2| #AAdo] dojd LPS AT

f do o
t
o o

[e]
o=
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Fig. 1 HPLC chromatogram of Althaea rosea L. callus extract (AR), biorenovated 4. rosea L. callus extract (ARBR) and Bacillus siamensis JD3-7
(BS). The chromatogram showed AR, ARBR and BS analyzed at a wavelength of 254 nm
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Fig. 2 Cell viability of AR, ARBR and BS in LPS-stimulated RAW
264.7 cell by the MTT assay. The cytotoxicity was determined from the
cells induced with LPS (1 pg/mL) in the presence of AR, ARBR and BS
(50, 100, 200 pg/mL) for 24 h
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Fig. 3 Inhibitory effects of AR, ARBR and BS on nitric oxide production
in RAW 264.7 cell. The production of nitric oxide was determined from
the cells stimulated with 1 pg/mL of LPS in the presence of AR, ARBR
and BS (50, 100, 200 pg/mL) for 24 h. Values represent the mean + SD
with three independent experiments. *p <0.05; **p <0.01; ***p <0.005
versus LPS-only group

I} v)Eeh A4S JeEpon, ARBRS LPS X2t ojv] 7}
FLollX oF 258, 41.6, 64.4%2] NO AI&S RIS ®=
3 BSE= NO AL 9F 99.0, 103.4, 97.9% FFo2 &AL
o] NO 34 Al &Ae] gle A2 Yeth(Fig. 3). °1y
3 ARBRY| &%5< biorenovation 7]Hol AFEEAY BSeH=
T35l biorenovation 7ol 28] AR W EAse I

120 -
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PGE, production
(% of control)
= (=) [~
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[
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ARBR (pg/mL) _ _ 50
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Fig. 4 Inhibitory effect of ARBR on prostaglandin E, production in RAW
264.7 cells. The cells were treated with 1 pg/mL LPS in presence or
absence of ARBR at the indicated concentrations for 24 h. PGE,
production was measured by ELISA method from the culture medium of
cells. Results are expressed as a percentage of the LPS-only group. Data
represent the means+ SD with three separate experiments. *p <0.05;
*¥p <0.01

o] Mgzlo] NO A oAl Edo] I=EASS AAEITh
ARBRY] PGE, A4 %A &4

FrlEl2 #EE 59 954 FEA A=
7] EEE Zgsle] AT 9 A9 & %%E— sl
Aoz HAEHYTH39). LPsoﬂ ol wdo] F=E PGEN EH
3 ARBRY o =43 4 7, ARBR A&
PGE,E % /]Zﬂ#i 7”\/\]7]—‘;— Z3eFS om, FHi &
ol 200 pyg/mLoAlAE LPS ©% A+ tHH] PGE, 44
50.6+4.5% AAsIUTE wEbA ARBRS #4314 AAE NO®
T+ olUEl PGE4] A= E‘iaﬂrﬂﬁ& Adete &8-S 7
Eq, o]E &8sl P=ulee AAFEFo R AT S J= 3
G5 MAZ AT F Zog AlEHL

s rﬁ mlo

i

o]g
=

Western blot& F% ARBRS] iNOS ¥ COX-2 &3 A3
oy &3

Interferon, LPS 52 9% A=oz &4dstel iNOS9 COX-2
= 9z ) B2 XS $u3it) iNOSE L-arginine
g3le] e ko] NOE 717+ AASIaL, COX-2+ arachidonic
acid2%-E] PGE, = IAste a4z Zedth & HAg a49
A &R AR H5S Hssle 2o2 duA UtH40,41].
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Fig. 5 Inhibitory effects of ARBR on the (A) iNOS protein and (B)
COX-2 protein expression in RAW 264.7 cells. RAW 264.7 cells were
pre-incubated for 24 h, then treated with 1 pg/mL of LPS and indicated
concentrations of ARBR for 24 h. The protein level was analyzed by
western blotting. Level of B-actin expression was used as the control.
Values represent the means + SD with independent triplicate experiments.
*p <0.05; **p <0.01; ***p <0.005

w2} western blotS $783l] ARBRo] iNOS$} COX-2 &
Wz ol nXe= FFS FIEAl SFAThFig. 5). iINOS2}
COX-2¢] Thlg S 9lsle] thaA|xe] LPSE Azsle] o
ZTOZ ARSI ST, ARBR A2 7 F%(50, 100, 200
pg/mL)®] ARBR¥Z LPSE 4 Aglate] iNOSe COX-29]
" Ay A 25 543 23, ARBR2 iNOS9H
COX-2 iz W s Fr o&EHoz 7MY AdS =2
AhFig. 5). iINOSe] 7% HI FE<l 200 pg/mLolA <F
83.7%HE TR (S 87.6%) AR FE7EA] 2ES oA
stk T3 CoX-2¢] vl WS FE oEFoR f{om
aA 7H4sloH, ARBRS] PGE, A4 oAl @437 dx|sk=
1S gelslith o]Z4 ARBRS iNOS9 COX-2 Thz el
Fe-g JAIstd NO 2 PGE, 84S 2EFo=ZH =i
e 852 g3 4 e o= Alsd"r)
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Fig. 6 Inhibitory effect of ARBR on pro-inflammatory cytokines
production in RAW cells. The cells were treated with LPS (1 pg/mL) or
with LPS and ARBR (50, 100, 200 pg/mL). The production of (A) TNF-
o, (B) IL-1B, (C) IL-6 was assayed by ELISA method in the culture
medium of cells. The result represent the means + SD with three separate
experiments. *p <0.05; **p <0.01; ***p <0.005 versus only-LPS-treated

group

ARBR®] pro-inflammatory cytokines A4 A &4 &3

LPS A=(1 pg/mL)S-Z RAW 264.7 cellolx] =34 A=
= pro-inflammatory cytokine % TNF-o, IL-6, IL-1p2] &&
o] tig ARBR®| oA A4S gRlst’] flsix ELISA kit
AREste] ZAbeRith 2 A3 LPSE Rl f=d ddsAd
cytokine®] 4/dE& ARBR A2|Z2 F%(50, 100, 200 pg/mL)
oEH o T JANT= AFFS HATHFig. 6). TNF-08] 735
7} FEolA 2k 16.5, 332, 42.9% AR M (Fig. 6A), IL-
1pE <k 273, 41.9, 50.6% AHATKFig. 6B). 53] IL-69]



44

T Appl Biol Chem (2023) 66:6, 39-45

1y

el oAl &2 oF 42.1, 534, 79.8%°F A
QA8IATHFig. 6C). IL-65 27 £ g
IL-1B= COX-2 F=32 3 Ilymphokine +¥]ol| 3ods}H,
TNF [L6%] e foeol 288 i ozt 59 i)
3 Bl DU £ $AE WE Ao GolA )
o} o]y 75S 7K AESA cytokinese E/38HE nuclear
factor-kB (NF-xB)$} mitogen-activated protein kinases (MAPKSs)
$o) AARIA o) FAs] AbEY P W FENSL
w7} 3hTH42,43]. ©]& ARBR7} #EdlAd wEE HAGEA
cytokiness JAlste] HESRH-S AA FEoE AT F 2
< ZolZtal AbsEh

il

=X
€]
k-
=2

£ AFE biorenovation 7|HE& HAIE callus FEE(ARY] 4
&3] AE H3E FEslal RAW 264.7 tiaA 2] digk &
A B2HE 1] A AlE BEE NO, PGE,, iNOS
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