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Inflammation is a protective mechanism against various stimuli,
such as infection, tissue damage, and lipopolysaccharide (LPS).
LPS is an endotoxin mainly found in the cell walls of Gram-
negative bacteria. It is recognized by toll-like receptor 4 (TLR4)
of macrophages and plays important roles in secreting pro-
inflammatory cytokines to protect host cells. However, an
excessive inflammation causes damage to cells or tissues,
leading to inflammatory diseases. To discover novel inflammatory
regulators derived from natural product, native plant extract
libraries existing in Asia were screened, and found Stephania
brachyandra (S. brachyandra) as a candidate. Although S.
brachyandra has traditionally been known to have anti-
inflammatory and antioxidant effects in Asia, there is no
scientific evidence. In this study, we confirmed the anti-
inflammatory effect and signaling mechanism of S. brachyandra
extract in the inflammation induced by LPS. LPS-induced
expression of pro-inflammatory mediators, such as interleukin-1f3
(IL-1p), interleukin-6 (IL-6), inducible nitric oxide synthase
(INOS) and cyclooxygenase-2 (COX-2) was inhibited by S.
brachyandra extract in the macrophage cell line RAW264.7.
Furthermore, the inhibitory effect of S. brachyandra extract on
pro-inflammatory cytokine expression was accompanied by
inhibiting the activities of nuclear factor-kappa B (NF-xB) and
nuclear factor of activated T-cell (NFAT) transcription factors.
Therefore, we suggest that S. brachyandra has the possibility
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of future development as a natural product candidate for
regulating inflammation.

Keywords: Stephania brachyandra, inflammation, LPS, pro-
inflammatory mediators

Lipopolysaccharide (LPS)+= 13 S/ w2] A28 of| 4] 7}
A FRE RO, hoke AZolA G54 Aol Elele]
2u)2 435k0] % uHe-S §UHgITHSweet and Hume,
1996; Ngkelo et al., 2012). LPS+= Q1E] 27| (interleukin)-1,
IL-6 & F-F YA} Q12K tumor necrosis factor)-02} L2 H3-
A Aol =7}el W A% ol bl o] Q1% A mEo A 3
H A 5HA| AREE T} LPS+=toll-like receptor 4 (TLR4)o]| 2%+
}o] A} @111 nuclear factor of activated T-cell (NFAT)Q}
nuclear factor-kappa B (NF-xB)& &S| 71t(Liu ef al.,
2017). 53], NF-kB= @5 ¥R e 2o el & =
Bah)] QlolA ¢ F a3t 23S s Ao] e it}
(Lawrence, 2009).

5 e LA of o3 A AT AFA o) o5l &/ 3t

=05
o] ottt A5/ Aol E7IRIS BH|FFO BN AAE HE
Bl=1lo] 7] A o|th(Zamora et al., 2000). 3|, 4] A EZ+=
QJELof| A ] A7E All<t, Hiol 2] 20 &fsf) &g 3} of thekgt
BSA APl E7HR1E ®HlgFe 24 27| HF Hhg-of mi+
F 83 A5 gtk Z/d 5k 4] Al Z=1L-1B, IL-6, TNF-q,
T A1t R 2h A= @1 *K(granulocyte macrophagecolony
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stimulating factors; GM-CSF) 2! &-AJ Ak ~(reactive oxygen
species) ¥} -2 G5 w7l EAS wH| 5] ¢
SFcHFu et al., 1990; Salvemini ez al., 1990

). ©
= FoliA e 28-S AA s e A

}"7 Tk A o] == HE-S-2 okl uhA] o = RskS
| EIthKindt et al., 2007). wabA] T A] A Zof| A

d Apo| BRI RS A Sh= Ao 'Y
HhHO & 0% A X]_n_ QTHGuzik et al., 2003). £
E e d5A /\}O]EﬂL
“’é‘% AA e} 2 2] 2 A4 7 915 A+
2 Aol A= obAoRHofl A A
AP A gho| Hej 2] & &-8-51o] 3 sl =M=
& ER-8 w=Zsla R} ) 93\51 1 A3} Stephania brachyandra
(S. brachyandra)7} 71 S X 7FsAdo] e B3

&l oS5k

Stephania brachyandra+~ =3} 0| Qkuf, H| Edof] A& £
L5V}, Stephania brachyandra©) <t Stephania (3H2}o)) 4
< Menispermaceae (47|30l &3} ofa|o}e} ofz 2712
Aol & ofdf A Ao FiEsH= Ao AT A jlon] Ui
Z£2 Aoty oo A = ¥A F th(Christenhusz and Byng,
2016). gHato] &of| &= AR Al HolE7]9} ¢, e 5
o]|+= tetrahydropalmatine (THP), stepharine, roemerine (ROE),
cycleanine™} Z+-2 t}oF3t ek &2 o] E(alkaloid) 7| 55 o]
Qlol, B, 214), 2o, o] 2, W, wetelo} R ozt 7
o coke A e 2|2 aby] 99 HE olstoll Al L RFL A}
L5 o] A Lkt Martinez ef al., 1998; Xie et al., 2015; Chinh et
al.,2019). 212, S. brachyandra 2] &3 & 3o 3t 1}sk=]

0] AL HE3E A A o]}
2 Aol A= RAW264.7 T 4] A|32o] LPSE ] 2] 5}od
S G5}, S brachyandra 325°0] o83t g5
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AQAR: S. brachyandra2] A2 99.9% M EH-& 2 45°Co|| A 3
U S 2AITHA 1524 253} X 25kt FEE-2 o 45t
%3 Xd?‘?:_WI(N-lOOOS WD, EYELA) & 45°Co|| A %2319
o} =29 A2 A ARSIt 22T L A E T
SFl+ oﬁﬂ%‘%iXH*ﬂEi oA =g staL
&2 DMSO9] =0 Ao ARSIt REHE
168-001). DMSO= A 2|3t 22 2o 8 HE AFHL 4

Paroc,
AN ZH| ¥ ATCCHO|A] -3 RAW264.7 A| Z 3= 1% strep-
tomycin, penicillin (Gibco) X 10% fetal bovine serum (FBS)
(Gibco)o] 271l DMEM (Gibeo) B & 37°C, 5% CO, incubator
ol 4] feFat it
Cell viability assay: S. brachyandras 5%(0, 20, 50, 100, 200
ug/ml)E A 2sAL AI7H0, 3, 6, 12, 24 h)o]] ojEH o=
RAW264.7 M| L0 22312 o AJ=E-3 Trypan blue dye
(Sigma-Aldrich) & 9 5}o] 8215}9 th o] 3 hemocytometer
2 Aolol Al Z 0| 48 SRR1eh T, | Ful o AEO] 48
Akstaict.
Western blot: RAW264.7 A|3E3=0]] LPS (100 ng/ml)2} S.
brachyandra (20, 100 ng/ml)= 6 A| 7+ % 231t} o] & Ao
A|3EE PBSE A| &3}, lysis buffer (10 mM NaF, 150 mM
NaCl, 1 pg/ml leupeptin, 1% Nonidet P-40, | mM Na;VOy, 20
mM Tris-Cl; pH 7.9, 0.2 mM phenylmethylsulfonyl fluoride, 1
mM EGTA and 10% glycerol and 1 pg/ml aprotinin)&- ©]-8-3}
o] M| ZZE lysis3Fith Cell lysate = Bradford assay B2 0|
25Fo] Thal 28 A 2F3) T2 SDS-PAGE2} Western blot-2-
335F4cE COX-2, phospho-STAT3, phospho-IkBo. (Cell
Signaling Technology), mouse IL-1p/IL-1F2 (R&D systems),
B-actin (Santa Cruz Biotechnology)o]| thgt 3| & 0|83} o]
A e JeE Eelskich
Reporter gene assay: RAW264.7 A|3Z3Eo]] NFAT luciferase
reporter vector T+= NF-kB luciferase reporter vector=
renilla reporter vector 2} 317 transfectiond}al 24 A| 7k o] &
LPS (100 ng/ml)}S. brachyandra (20, 100 ng/ml)-2 6 A7k %]
2|3}t o] 3 A EZE lysiss}o] luciferase 24 kit (Promega)
£ ©]-8-5}o] promoter 22 215
RNA E3] 9 quantitative real-time PCR: RAW264.7 AJ| 325
of| A v} R] & A A 3} 2L TRIzol reagent (Invitrogen) 1 ml-2 *]
2]5}o] RNAE E2]3}4 ) ReverTra Ace qPCR RT Master
Mix with gDNA Remover (TOYOBO)E o|-83}¢] cDNAE
3FAISEAL quantitative PCR2 4~3)3}%I Tl Quantitative PCR
-2 SYBR Green real-time PCR master mix (TOYOBO)E A&+
3o, AriaMx Real-time PCR System (Agilent Technologies)
oA =33t ol o] Bl+= B-acting ©]-8-5+24 normalization
3}tk ARE-3t primer+= T3} ZHe}, B-actin forward: 5'-AGA
GGGAAATCGTGCGTGAC-3', B-actin reverse: 5'-CGATAGT
GATGACCTGACCGT-3"; IL-6 forward: 5'-AGTTGCCTTCT
TGGGACTGA-3', IL-6 reverse: 5'-TTCTGCAAGTGCATCA
TCGT-3'; iNOS forward: 5-ATCATGGACCACCACACAG
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C-3', iNOS reverse: 5'-GGTGTTGAAGGCGTAGCT-GA-3';
IL-1B forward: 5'-CCTCACAAGCAGAGCACAAG-3', IL-18
reverse: 5'-TGTCTTGGC-CGAGGACTAAG-3'".

BAAE: A3 mE Aih=33] ¥ A F 5] % H(mean)
+ ¥ HXKSD) 2 LEFH 11, unpaired student’s #-testS- =3
P <0.0521 7 g-ofutk F-o) 2 el Ao 2 w3t

2

Stephania brachyandra 22| ME=A &l01

A5 Hhs-o] 8 2d M|z T 4] M| 2L\ A S. brachyandra
2550 MEEAS Uehis 520k 4712 Belsh A 5
Atk RAW264.7 A|3E3E0)| S. brachyandra 552 =8
(0,20, 50, 100, 200 pg/ml) *23}1L, 12A]7F 3 Trypan blue
dye exclusion o] §5}0] M| EAJEE-S Shelstgicy. 1 Az
20 pg/ml ] 5ol 4] 99.5%, 50 ug/ml o] 1% o] 4] 98%, 100
ug/ml©] 12 0] 4] 96.5%, 200 pg/ml 2] 5= o] A 94.5%2] A
&5 HAtKFig. 1A).

-0 & RAW264.7 A|3E3E0| S. brachyandra $252]
ST 100 ugml 2 75k, A7HS chE A A elsho] 4|
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Fig. 1. Dose- and time-dependent cytotoxicity of Stephania brachyandra
extract. (A) RAW264.7 cells were treated with different concentrations of
S. brachyandra extract for 12 h. The cell viability was measured using the
Trypan blue dye exclusion assay. (B) RAW264.7 cells were treated for
different times of S. brachyandra extract (100 pg/ml), and the cell viability
was measured using the Trypan blue dye exclusion assay. The graphs are
presented as the means + SD of three independent experiments. n.s.,
nonsigniticant.

&3l A A|s8d Al3%

&S FRISHITNO, 3, 6, 12, 24 A17h). 1L A3}, 3AIZHO A=
99.95%, 6 A 7Fol| A= 98.5%, 12A| 7o) A= 96.5%, 24 A 710l
A=95%9] 28-S B ATKFig. 1B). S. brachyandra %5
2 RAW264.7 A| 22520l A A 50 VPR A] = A&
QlskSict. weha] o] o] AFo|| M= S. brachyandra
o] He] 4220, 100 pgml 2 AH§-3}31, LPSo] ]+ 9
5 FEAES 8 ske] AP AR 6AI7FC. 2 11 St T

N
.C]

b

olN
=

Stephania brachyandra FE&=0|| 2Igt €= nfj7f SHHE!
ol & Sut

2 A Qlt}. Stephania brachyandra £&52] 99 A%<

Q1517] $18) @54 Aol =7k1et @ whAf bl o]
-2 3101519tk RAW264.7 A E320] LPS (100 ng/ml) £} S.
brachyandra 32520, 100 pg/ml)2 = 2|5} 6 A1 7F = A
3 E lysis 3}¢] Western blot2 -3} COX-22}IL-1p2] whM =]
IR ek Belatdek 1 A3 LPSo) oJs) Z7HiE COX-2
QHL-1B8) & A ¥F3l o] S. brachyandra Z=°) 23| &
&= OfEA 02 g 2RIk rkFig. 2A-0). WA, .
brachyandra %22 A% 1|7 COX-22} IL-182] tha) 2] vk

AFS UL 5o BF WSS A 5 U2 BHISIT,

Stephania brachyandra F=20] 2/t @58 AO|E7 2]
O] mRNA 28 x| Sat

Stephania brachyandra 32501 2|3t G5A] Alo|E7Q]
2} ¢4 o ek o] MFA g 77k mRNA 0l A] UyehL}
L Aol ¢1517] 98l quantitative real-time PCR-S 4=3
S}ATE RAW264.7 A|3220f LPS (100 ng/ml)2}S. brachyandra
FE2(20, 100 ug/ml)S 6A17F 2 2|5k &, RNAS £2f 5}
quantitative real-time PCR-S 4~3§3}ich. 1 21}, LPSo 9]
3} = ¥k-g 744 o] w7 2x}<] IL-6, inducible nitric oxide
synthase (iNOS), IL-1B2] mRNA 23 o] S. brachyandra
EE0) 9ol FEoEA & st A 2elshlch(Fig.
3A-C). WatA] S. brachyandra %52 LPSO]| 93| S =5
A5 w7l S A o] & mRNA 3ol A A RE&

Q1% 4= 919l

Mo e

Stephania brachyandra ZZ201| 2Igt NF«B2} NFATS)
TS x|
LPSo|| &J3t G54 Afo] =7}l u} 5 v 7l vl o] k-

b =
0| 8. brachyandra F+Z&° 23l AAlpEEo| A A== A
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Fig. 2. The effects of Stephania brachyandra extract in the protein expression
of LPS-induced pro-inflammatory mediators. (A) RAW264.7 cells were
treated with S. brachyandra extract (20 or 100 pg/ml) in the presence of
LPS (100 ng/ml) for 6 h. COX-2, IL-1p and f-actin protein levels were
analyzed by Western blot analysis. (B-E) The relative levels of protein
bands were measured by densitometry. The results are presented as the
means £ SD of three independent experiments. **p < 0.01.

o AxLo] AAS OBl o7
a3 dF Xd/\} Q1212] 22 el LPSofl o3t
24 A% N whal o] ML A} 2l
NF-KBQ]-NFATE]- O3l 4= 4= It Liuetal.,2017). HA,
NE-B| S5t 245l7] 9latol kB Qlalsh 22e
Western blot2 £3f] 2215} tHFig. 4A and B). IkB2] ¢l
SH=NF-kBE 0.2 o] 53l es 5t HARS FesH dﬂ‘r
LPSE A 2|5l kB 2] QlAkS = 27} =| 1 S. brachyandra 3
EE2 5% —4 LAz LPSo| 9J3)| 7l kB2 OV@PE
5013k 4~ Q) A tH(Fig. 4A and B). NF-xB 2] &
A 28-S 215 2R1817] 918l NF-iB 2JE2] ¢l luciferase
32 =43} tHFig. 4C). NF-kB 2]£4] 9] luciferase
reporterE-transfectionSF RAW264.7 AH|3E520] LPS (100 ng/ml)
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Fig. 3. The effects of Stephania brachyandra extract in the mRNA expression
of LPS-induced pro-inflammatory mediators. RAW264.7 cells were treated
with S. brachyandra extract (20 or 100 pg/ml) in the presence of LPS (100
ng/ml) for 6 h. The mRNA levels of IL-6 (A), iNOS (B), and IL-1p (C)
were determined by qRT-PCR. The results are presented as the means +
SD of three independent experiments. *p < 0.05.

2} S. brachyandra 523(20, 100 pg/ml)2S 6 17+ A 25k
T} Reporter analysis 23}, LPSo]| 2]3}| &7}l ¢l NF-xB 2] A
AL B0 S. brachyandra 250l 3A AdHe &21519
CHFig. 4C). T3, NFAT 2]&4 Q] luciferase reporter 242
ZAs S B8 2ASIRNS Y%, S. brachyandra 355
of oJaf HAl &g o] =LA HaES 2R8I thFig. 4D). T
Z O & 8. brachyandra 325 °) 1A} Q1A}2]l NFAT2} NF-xB
S AARFO ZH LPSO] 9] H X Ao Ak
o MRNASFAS 712471 7] -2 58] @2 chul do) el
o]

= 2T s S&C’*EHFlg 5).
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Fig. 4. The effect of Stephania brachyandra extract in LPS-induced gene transcriptional activation. (A) RAW264.7 cells were treated with S. brachyandra
extract (20 or 100 pg/ml) in the presence of LPS (100 ng/ml) for 6 h. Phospho-IxB and B-actin protein levels were analyzed by Western blot analysis. (B) The
relative levels of protein bands were measured by densitometry. (C, D) The NF-kB-luciferase (C) or the NFAT-luciferase (D) reporter vector was transfected
into RAW264.7 cells. After 24 h, cells were incubated with the S. brachyandra extract (20 or 100 pg/ml) in the presence of LPS (100 ng/ml) for 6 h. Cell
lysates were analyzed for luciferase activity. The results are presented as the means £SD of three independent experiments. *p < 0.05, **p <0.01.
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Fig. 5. A model of Stephania brachyandra extract in the suppression of
LPS-induced inflammatory responses. Stephania brachyandra extract
exerts anti-inflammatory effects by inhibiting NF-kB and NFAT gene
transcriptional activation in macrophages.
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L 5 0 A 95 B o2 ek
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shock) & st H B2 HestA S7H 95 vk =8
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oori et al.,

Il 3
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ATk FLoll= Al Z 5t FARgo] A2 HAE FE2 oA
T A5S ol A7 2EshA o] Fo A1 k.

A W&ol Tolsh= thgst M| EZE FollA = 4]
AlEZ = G5 W2 ARSI S3A17 = 27] kgl &
Q3+ 93RS FHTKChae er al., 2009). FZ BHS-0) 4] 4] A2
= A o ofsl &g 3kE] o IL-1B, IL-6 52 H57/d Afol &=
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ol &} TNF-0, COX-29} 7+ o1 7 chal 2l &
= dF8-2 g ulskc(Storek ef al., 1994).
/3=t Al g AR o= A Bl 2
Z} 9| E(pathogen-associated molecular pattern, PAMP) = 4]
TLR49] 2J3}] 21X E It Guijarro-Mufioz ef al., 2014). TLR4=
BT, 4] AL, SRR TSl A] I, TLRAS= 2
AFQIAQINF-kB ) H1E Bo) Al s et AR S ZE A7)
(Vaure and Liu, 2014). ©]9]o|| = LPS= t}j 4] A3 2] NFAT3 9}
49) 42} =T 52 91 80| FeIA| 9L o5 LPSO] ofatIL-1

BL] W o] STAT3 3P} Q= Alo] HL dAtofA] K
115 v} QIti(Balic et al., 2020; Manabe et al., 2021).

H = X+= S brachyandra 2=°] NF-xB2} NFAT
AoAdG 718E ARG 2H G5/ Aol E7FR1 F 5 vl
£ o] Wl & mRNA S520] 4] k4417 Zeleh o
Sholstdh. AAN7HA] S. brachyandra®] 8552

A= R g HF QoW S brachyandra©) 45t
fold; AR5 2EES BAT Q7504 THP,
stepharine, roemerine, cycleanine, palmatine (PAL), jatrorrhizine
T} 7-2 Thokst oz a o] E(alkaloid) 7} 27 ] Q1T Bory er
al.,2013; Dary et al., 2017). Stepharine 2] 73-¢- 2 &7 =
o|=& TLR49} 23 Agsto] 1 28-S % A5t= TLR4
inhibitor 24 &2 A Q1.0 1], BV2 A|Zoj| A LPSo &J3] G- =
e @) 249l mRNASY R el sk
© & ZFAA]7] 3L kB 2] QIAFSIeE NF-kB 2] 3 © & 9] o] 5
0411] 5l Q= A o] R E It Hao et al., 2020). THP_J

2 2 7}x] ZE 1 dlo) 4 TLR42} TNF-receptor associated
1mwﬁﬁwﬂﬂ4mmmﬂ%ﬂéﬁﬁ%ﬁﬂ&ﬂ%%
S e}
Ui= Z10] 215 B} QItk(Yu e al., 2016; Sun et al., 2018).
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