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Investigation of the Effect of Water Extract of Lithospermi Radix on the
Expression of IL—1B, TNF—oa and iNOS Genes in Raw 264.7 Cells

Nam Joon Cho, Young Ho Choi, Woong Hee Lee', Kee Kwang Kim*, Hyo Sang Han*

Department of Biochemistry, 1: Institute of Biotechnology, Chungnam National University,

2 : Department of Health Administration, College of Social Sciences, Joongbu University

Lithospermi Radix (LR) is known to have an anti-inflammatory effect. However, the mechanisms are not well
known. In this study, LPS-induced mouse RAW 264.7 macrophage cells were treated with LR to investigate the
time-dependent inflammation response of LR. RAW 264.7 cells were treated with various concentrations of LR for 24
hours, followed by MTS assay. Cell viability was increased at all experimental concentrations. The mRNA expression
levels of IL-1B, TNF-a and iNOS were increased by treatment of RAW 264.7 cells with LR at a concentration of 200 n
g/ml for 6 hours and 24 hours. Treatment of LR with 200 pg/ml concentration for 6 hours promoted mRNA
expression levels of IL-1B, TNF-a and iNOS in LPS-induced RAW 264.7 cells. However, IL-1B, TNF-a. and iNOS mRNA
expression was suppressed by treatment of LR with 200 pg/ml concentration for 24 hours in LPS-induced RAW 264.7
cells. These results suggest that the effect on inflammation of LR is promptly promoted and then to rapidly alleviate
the inflammatory reaction. This study proposes that the time-dependent activities of herbal medicine is a very
important factor in analyzing the anti-inflammatory effect of various herbal medicines including LR.
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olo] AAH= uteA TAIAIE 7]9Q RAW 264.7 A|Xof] %K
A4 2EES A YEhtEe AEgYEE SQstgon &
A2 AZ22 RAW 2647 NEQ LPSE FZS QEst RAW
264.7 A2 AMalgt & 6 AIZta 24 A7 FAstAS o YRt
= IL-1B, TNF-a, 1NOS_4 mRNA 32 sholstqict. o2 £3
o3t Aatg U719 ojo] B st wlolct.

Az R FY

1. A2
1) <A

Ao A %EEE St A2 5Y9E FASAREE
2016 9¥o] 19 (NO: 2016-0904)sto] 7]Qo] %o} ZAlo]
SE& A gojat ofst g2astuAoA RS, oA

ultrasonic cleanerg ©]&3sto] B488 AASIL Ao At

2) Aot @ 7)7]

B AL Q5fA filter paper (Advantec No.2, Japan), Pb,
Cd Standard solution (Kanto Chemical, Japan), LPS from
Escherichia coli 0127:B8 (Sigma, USA), DMEM media
(WELGENE, Korea), FBS (WELGENE, Korea), 100 U/ml
penicillin, 100 pg/ml streptomycin (WELGENE, Korea), DPBS
(Corning, USA), Trypsin-EDTA (WELGENE, Korea), MTS
solution (Promega, USA), eCube Tissue RNA Mini Kit
(PhileKorea, Korea), Qubit RNA Assay Kit (molecular probes,
USA), 2X Prime Q-mater Mix (GENET BIO, Korea), M-MLV
reverse transcriptase (Promega, USA), 5X M-MLV RT
buffer (Promega, USA), RNase
(Enzynomics, Korea) 50| AME|QITE. £ Ao AMEH 7]7]¢&
CO2 incubator (Thermo, USA), water bath (HAAKE,
Germany),

reaction inhibitor

rotary vacuum evaporator (Eyela, Japan),

ultrasonic cleaner (Branson, USA), microplate reader
(Molecular Devices EMax Plus, USA), The Qubit 2.0

Fluorometer (Invitrogen, USA), AriaMx (Agilent, USA) S-o|tc}.

2. 9y
1) %8 95558 Az

$H oS 50 g0 BASP] IS SFY T, B
7ol 12 554 2,000 mig} 3 2o § Helo] Fr Aoz
BE 2 A7 5% JHstel 5% oS
2 it g

ZXZ S filter paperz2

rotary vacuum evaporatorg ©]-£3}¢] 5

A2 gsionl. ol $39E SN olgstol AxH Y
g Nz Aedlgc SATL SEEL KE 194 g A8 38
%Lt

2) 534 ¥

=A47AX% XX 50 g€ microwave digestion system
(Milestone, Germany)22 ZAx2]st H inductively coupled
plasma mass spectroscopy (Perkin-Elmer, USA)S 0]£35}9
Pb o} Cde] 3tzkg &Holstgtt. 524 ®EL{AMo=z Ph, Cd
Standard solutiong AFg-5}9ict.
3) A= Hig

Ao AHEH A2 RAW 264.7 Alzolu] SH=EA| 252880
A Fujstich ML v 2F AEL vigHQd 37°C, 5% CO, =
AL SR FY, 10%(v/v) FBSQ 1% antibiotic antimycotic
< 3713t DMEM mediaollA] A9 vjgS st
4 AESYE Fot

£8 94 3320] RAW 2647 AZo] U]AE NEYHES
stolalz]  Qlste]  MTS  (3-(4,5-dimethylthiazol-2-y1)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt) assay 4335t} 96 well plateo] RAW 264.7 Al
£ 2,500 cells/well2 EZ35t3 24 A7 =9 vjUsH & £E o
£ XEEE 25, 50, 100, 200, 400, 800, 1,600 pg/ml ===z A
FhstiL ThA] 24 AIZH S9 wiQetgith. 1 & MTS Aloke A7tsh
31 37°CoA ¥F2-A]Zl & microplate readerg o]£5to] 490 nm
M ETEE SYslYch ¥E 35 2222 AW AYDL
dzda tizste] AEE2 NEZZHYEES AU NZIYE
+ o33 22 Aoz At
NZZYE (%) = RN2F7HY 3= - AR §3& / UEZ
9] E¥E) X 100
5) AL &~ &3

RAW 264.7 H]Z2 2 X 10° cells/well2 6 well plateo] &%
St 24 A7t ZoF wgst & ALEXE 1,600 pg/ml =2 AL
A2E § oAl 24 ARE FOF HiYSTh. I 2 trypsin-EDTAS
X 2]slo] single cellE ¥2 T hemocytometer NIT £ &
Ashict.
6) Quantitative RT-PCR

6 well culture disho] RAW 264.7 AZ& 2 X 10°
cells/well2 & 3 24 A7t vjYstoct o]& LPS 1 pg/mle}
%% 94 FFE 200 pg/mlE AlZo] Mt 6 AlZkat 24 A
b AT Algrt FA7HE HiX|E AAStL PBSE o]-85}o]
st AHJA & eCube Tissue RNA Mini KitS o] 835}0o] RNAE F
&3519tt. The Qubit 2.0 Fluorometer2 RNAES AIst &
cDNAE §d3517] 95t total RNA 1 pgo] Random Hexamer
(100 pmol/pl) 1 ul, ANTP mix (10 mM) 1 pl& ¥ %
DEPC-treated water2 & Hu] 10 yl7} § =& A5t} 65°C
ol 5 &t wZA7|, di2 d3o] ¥ZAAIZ oZ RNase
inhibitor 1 pl, M-MLV reverse transcriptase 1 pul, 5X
M-MLV RT reaction buffer 4 pl, DEPC-treated water 4 ul,&
ZFItRog A7tstgeh. 10 #3F A2oA ¥HZAIZL H FHo 1 A
7t 59QF 50°ColA] cDNAE TAdstil. T4t cDNAE ZHSZ
1/52 3]Astgct o] iNOS9] mRNA IS quantitative
RT-PCR (qRT-PCR)S o]&3] v|mstgct cDNA 5 ulg 2X
Prime Q-mater Mix 10 pl, nuclease free water 2 pl, 10
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pmol/pl forward primer 1.5 ul, 10 pmol/ul reverse primer
1.5 pl ¢ A1 AriaMxZE o] 85} qRT-PCRE 435ttt

Table 1. Primer sequences

Product size Annealing

Gene Primer sequence (5' to 3) (bp) temp. (C)

IL-1B F  AGG TCA AAG GTT TGG AAG CA 129 58
R TGA AGC AGC TAT GGC AAC TG

TNF-a  F  AGG GTC TGG GCC ATA GAA CT 103 58
R CCA CCA CGC TCT TCT GTC TAC

iINOS F CAG CTG GGC TGT ACA AAC CTT 95 58
R CAT TGG AAG TGA AGC GTT TCG

GAPDH F CCA TGG AGA AGG CTG GGG 195 58
R CAA AGT TGT CAT GGA TGA CC

2 %

1 %o 334 ¥ ¥

A3o] AFRE #H o2 X520 22 odo O)§t oHA
Hg &9sl7] sl inductively coupled plasma mass
spectroscopye 0|85t £E A4 252 Y e dit Jlc
80] ok2 =Asloict. 1 ZAal LEL SlokRjo] Sh AlZojokz
oMdA F24 7129 & 5 mg/kg 0|3}, 7LEE 0.3 mg/kg ©|5t

_l..>'.

Table 2. Pb and Cd levels in Lithospermi Radix

Sample Element Certified value Unit
. . . Pd 0.146 mg/kg
Lithospermi Radix d 0,005 ma/kg

2. RAW 264.7 N|Xxo| ZAlo] n]x]= g3k
¥ A4 F520] RAW 264.7 A2 AZZY o] O]x]:
S FAsl7] Ysto] MTS assayS $3stch. L& A3
S ==H2 RAW 264.7 AlZo] 24 A7t XHa)st Ay ve
Lo RAW 264.7 NZO] NRZ/EEE 100% ol F5ARA
o, 7 =2 AY =x0 1,600 pg/mlz XE I 558
RAW 264.7 N 2o Xt F NEZZFEE 151.1%7HK] G54l
k. MTS assaye AE U o]&ZEzjol dehydrogenased] <
5] XA =] NADH, NADPHE Z£Xst= A3 oz oW ¢
T8 50l £E d4 F2EF Ao 3t RAW 264.7 N 2°] 0| &
2ca]ol dehydrogenase?] activityZ} £71gt & &o& 4 9l
ch o] & 1,600 pg/ml B0 ¥EH A5 FF82 RAW 264.7
Ao 24 A|ZF H2let 5 AAAl HT 22 =gt 1
I} RAW 264.7 N Zo]| ¥H E4 £582 1,600 pg/ml =2 24
XZE A2st 49 2 A=A glo] A 37} 41.8%7HA| ZAsy
A, o]2gt &g Aol FAlo] ARE o] Lehd Foz AJZHt

lO OH‘ -l>l'

3. RAW 2647 AZ0| %8 B4 258 6 A AA% 3
5 ¥rgo] nxi: 93

%8 ¥4 5520 43 w8 UA: 9 9
stol, RAW 2647 HEZo] %% 94 £3ES AAF
qRT-PCRS E3] IL-1B, TNF-a, iNOSS] mRNA %32 &tol

of

sttt 200 pg/ml FE2 %H F5 FEEZ RAW 264.7 1\111
of 6 Azt X2|gt Ax} IL-18, TNF-o, 1NOS_4 mRNA HPoiO] %
Fggon, LPSE ¥52 {E3 RAW 264.7 NZo] %5 &
F&2 200 pg/mlg 6 A At Ay ®gt LPSTH xi-“-loJ
RAW 264.7 NZ8c} ¢ &2 2X|2 IL-18, TNF-a, iNOS?]
mRNA &edo] £ 9l
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Fig. 1. Effect of Lithospermi Radix on cell growth. RAW 264.7 cells
were treated with indicated concentrations of Lithospermi Radix for 24 h.
(A) Cell viability was measured by MTS assay. (B) Cell numbers were
determined by direct counting with a hemocytometer. *p < 0.05, **p <
0.01, **p < 0.001
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Fig. 2. Effect of treating Lithospermi Radix (LR) at 6 h stimulation on
pro-inflamatory cytokine IL-1B, TNF-a and iINOS mRNA expression.
RAW 264.7 cells were treated with Lithospermi Radix (200 ug/ml) with LPS
(1 pg/ml) or without for 6 h. Total RNA was isolated and analyzed for
mRNA expression with gRT-PCR. **p < 0.01, ***p < 0.001

4. RAW 264.7 2o %5 ¥4 FE22 24 A ANAF F ¢
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A5 wreo] ulAE Ja o 270 AT SIS QuIT,

RAW 264.7 AlZo] % 34 338< 24 A7 AT H B AToL ¥E 94 2389 95 w8 8 uAYS
HEE 95 988 dsugct 2 20 LPS A2 Qo) K & sl sislol RAW 2047 A2 %7 95 £52 A
U4 322 RAW 2647 HZO] 24 AIZ MG AL 6 A% @ H Ago] wat et 45 wee gastyct
AW wjet Zro] IL-1B, TNF-a, iNOS9] mRNA ‘,’:_‘“ﬂg =x 2E g5 FFF0] RAW 264.7 A|2o] AExZEAH o njx]=
sloith. LPSZ 58 QEd RAW 2647 AZo] %8 ¥4 25 92 ZAsh] 9sto] et 5E2 RAW 264.7 HZo| %
22 24 N7 AT AL 6 AT MARS Yot Wz LPSE A% 2EEBL AT § 24 A7 T MTS assayS 2asHct
Az S G w5t RAW 264.7 A&of IL-1B, TNF-a, iNOSe] mRNA O A 55 =noA NEEAHEE 100% oAt 7R oY, 7}
we oHAIZT e AY HEQ 1,600 pg/ml FEO] %8 I3 2522 A
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Fig. 3. mRNA expreesion of pro-inflamatory cytokine IL-1B, TNF-a
and iINOS. RAW 264.7 cells were teated with Lithospermi Radix (200 u
g/ml) with LPS (1 pg/ml) or without for 24 h. Total RNA was isolated and
analyzed for mRNA expression with gRT-PCR. *p < 0.05
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stg 4B 0 2 naphthoquinones?] A 49l acetylshikonin}
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QoH. T A5 WS gEste Zed set AT ujed
v 34 BA3 ¥ R FAA #oqst=  amineR
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S0l 52 RS AolEIAR 502 BR T 4 Yo
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XQIAIE (pro-inflammatory mediators)2]
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H o

3t RAW 264.7 H|2o] NZZHEE 151.1%7K] =
JMZT MTS assays OlEEEejolol] AME: NADH,
NADPH7} %% reducing agent2 Zf-£sto| MTS7} §H3-3t H A
XHEl= formazan9 ¥ FL:Z EAst= Zoz2 A o] ¥
2 o|gsto] Nzo AEFYEE Fystn Y. F NEFPe
Zjto] Yole NZ 29 =7} 52 Axo] NADH, NADPH XA
F9 F7t2 AL £ Qloh KE A5 FFE0] RAW 264.7 Alx
9 AZEYES F7H7I= 9992 &s] ot &= d4 £
E£E58 1,600 nyg/ml =2 24 A7t 59t RAW 264.7 A|xLof| X
g F APAQA Nz 25 EHT 2 *ﬂi £ 41.8%7HK] 2
AAAT. & 1,600 pg/ml 5=9] ¥E A FEE2 RAW 264.7
Azo] A-gsto] N FA9 AAE 7= 0}‘31 NADH, NADPH®t
Z2 reducing agent9] AL &£XI5 oz AAFC,

Ao g% ¥32 S=% Z¢ THor MAE st
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o2 71gstqrt.
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v 1o ok

%E 4 F&20] 45 930 Rl o] dig HHY
&2 25Vl Y5t && A £E22 A RAW 264.7 A
29| A% 932 ARME= sl LPSe} 200 pg/ml 529
%E F5 FE22 RAW 2647 Ao Zo] X3 £ 6 A
9 IL-1B, TNF-a, iNOS?] mRNA #@g &9, MTS
assay?t AZAQ A2 & £ 2 245 I3l XE 5 £F
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20| RAW 264.7 NJz°] g% &S FE5IHS Aol 7R
o, o]E 59Yat7] ¢Isto] LPSE A25HA] 942 RAW 264.7 A=
EF 200 pg/ml $E0 £E I FEES 6 A Asio 4
Elte g ¥hgr Zo] sholstict. 1 Abt %8 94 52582
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FS muct =2 22 IL-1B, TNF-o, iNossq mRNA g3
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7180 BaEo] gl AolA LPSE A2|3t RAW 264.7
2o FE A5 FEEZ 24 A WA HL 3 9A &5
o] Yeht: ZAxrt Bugo] Qo SHx|g o] Ay Ao
A 6 At B KR F5 FEES RAW 264.7 Ao A
AL pro-inflammatory Afo]E7}919l IL-1B, TNF-a, iNOS9]
mRNA % Z oF FLsIUct ol2dt olf2 %£E I 53
2 24 A3t 59 RAW 264.7 Ao 2§t § EF vH3o UjA|
t 9Fe AAstA stk LPS Az glo] % A% 5582
200 pg/ml =2 RAW 264.7 Alxof 24 A7t X3]& HL 6 A
7t X2Pe G upEsbRE IL-18, TNF-o, iNOSS] mRNA @
& FAo9T. SHRIW KE I FEFE 200 pg/mlE LPSeL
Zo] RAW 264.7 Alzzo] 24 A7t A2jgt Ax} EFA= 6 At
Aajgt Aate} w2 IL-18, TNF-o, iNOS] mRNA @@ 7
AX7AT. QANEE AF5 Ao 95 NF-xB signaling
pathway?} &43} E|o] pro-inflammatory A}o]E7}QIQ1 IL-1B,
TNF-a, iINOSQ] ¥glo] =& 2X|2 Z7}5l= pro-inflammatory
phase’} UEH}H ©0]& resolution phase?} & o] IL-1B8, TNF-a,
iNOS o] 7hA3HTH?. RAW 264.7 NJZo] LPSE 6 A7t A2
8 79 IL-1B, TNF-o, iNOS mRNA ¥do] =2 2x]g Z7}s}
+ pro-inflammatory phaseZ} E]%, 24 A7t ®2jgt 4L IL-1
B, TNF-a, iNOS mRNA #talo] t}r] Z+A 3= resolution phase
7t 9 oz e,

3ol K& d4 FE30] RAW 264.7 A2
X]= 83t= pro-inflammatory phaseo]A]

=

0|

= XI5t 9, resolution phaseollk] Az dr2
2 Bt} oAEZ7L RAW 264.7 A|x
SOCS3, STAT3 signaling pathwayS _75_755]-01 dz= drg e
FHoz gehchs A7At wasol k. olo] tiet &
LPSE o]85}0] 9z ¥I2S Gwst RAW 264.7 A|=7} o
270] ]3] w27 pro-inflammatory phase’l H &2 G&
#3p7} g0l ey,

2 pro-inflammatory AO]E7}Ql WO WHit= HZS
B0l 90 e Fad 042 AU LPS2 GBS
T35t RAW 264.7 NZo] ¥& g4 £33 200 pg/ml= 6
. 24 AZF Ao g} FolstA EF whgol IS YEUY
24 A7t ®Xggt 4% IL-1B, TNF-o, iNOS2] mRNA 93
AAT. o2 Fal %8 2 2320] @5 vt B o
Y Ago] 82 & J2 HsE FAstE L, Al %

Z&80] LPS A= glo]= RAW 264.7 Al29| ¥ utg

[m rlo

'nﬂammatory phase?] &

|->4 é -[ol'

oo ™

oA 3

olt
e =
d

L2 B2 o% mlo fmf of oY a¥ > mo rE > i |> oo o 10 10 pR |z
Jo
4>

QEF W olo] hF ARG WY JF5H £ Astck
$ AE7h SOCS3% STAT39H 22 Chbdt 4% We uAUS
UL 4 FAY Bt Y2 o2 ALY, o 2
L A% O AARADE M BEE wee dAUS B4
= 0l 3o o=

7‘_;! =

AN K&

ne

4 2520 45 W3 uAL as]

Faeln 24 A2 AR § Ui 95

g3t UAUZS BAsb] Sistel, RAW 264.7 AZo] & 92
5222 6 A7 22
galsigon olg

3 o2 22 2E2 A4t

RAW 264.7 *ﬂ£°ﬂ XE d5 FEES UG 5= A
-?—l MTS assayg $3% 21 L& 5204 NZZYEE F7H

o 1,600 pg/ml = XE I FES2 NEZIEYES
151 19%747] 5712 1,600 pg/ml =90 £& A FE522
RAW 264.7 Njzof ®2jgt § AFAA A= 25 F45IAL 1
2y AL 25 41.8%7A] ZAART

RAW 264.7 M|2o] XH 24 FE22 200 pg/ml =2 6
A7t A2lg 79 IL-1B, TNF-o, iNOS] mRNA W@ &xs}
t Ao] &A= gen, LPSet 200 pg/ml 5= %E F5 F2
=2 RAW 264.7 Aj&o] A3t Zy} E3F LPST 2|t RAW

264.7 JJZ¥} ¢ =2 $£X|2 IL-1B, TNF-a, iNOS9] mRNA

TdZ FAs

200 pg/ml 5= XE B4 FEES RAW 264.7 Ao 24
A7t A2jg 79 IL-1B, TNF-a, 1Nos_] mRNA 23g %75}
Ack. SHAIT %E A FEF 200 pg/mlE LPSe Zo] RAW
264.7 NZoj| 24 A7t X2t Ayt 6 A|7F a5t Antet vz
IL-1B, TNF-a, iNOSQ] mRNA ¢3-S ZHAAFT

ol ﬁ? Zie gt Ad a4 2229 FEF WA
Ao =32 & oz AA4HY, go K& E» £529 @
A gk iRt Mot F2 At T oz AJZ4E < violoh

I‘

o oM

axel 2

o] =22 FEiste AAATHE XL 5] s ASH-
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