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Abstract

Objectives : This study was performed to investigate the protective effects and mechanisms of Salvia
miltiorrhizae Radix extract (SME) on endotoxin shock.

Methods : We used two models; LPS-induced sepsis model for in vivo model, and murine peritoneal
macrophages responses for in vitro, SME was administrated orally to mice. After 1 hr, LPS was injected
intraperitoneally. Survival rate was checked each time per 12 hr for 5 days. Mice were sacrificed 3 hr after LPS
injection, then blood samples and organs were harvested. Cytokines secretion was measured by ELISA. Organs
tissues were observed with microscope, Murine peritoneal macrophages were cultured for 1 hr either in a medium
alone or in a medium that contained SME, as indicated, Then, the cells were treated with LPS for 24 hr, mRNA
levels of cytokines were measured by real-time RT-PCR. Cytokine levels in the supernatants were measured by
ELISA, The amount of nitrite was measured by using the Griess method to evaluate NO production, The cell
lysates were analysed by Western blotting using antibodies for iNOS and £-actin was used as an internal control
to monitor equal protein loading,

Results : SME improverd the survival rate of mice model. SME inhibited the secretion of inflammatory cytokines
and organs damages on Endotoxin Shock model. SME suppressed cytokine expression, cytokine secretion,NO
production, iNOS expression in LPS-induced murine peritoneal macrophages.

© 2016 the Society of Korean Medicine Ophthalmology & Orolaryngology & Dermatology

This is an Open Access journal distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/license/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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Conclusions : The results suggest that SME has protective effects on endotoxin shock through suppression of

inflammatory cytokines, organ damages, NO production and so on.

Key words : Salvia Miltiorrhiza; Radix Extract(SME); Endotoxin Shock; macrophages; imflammation; TNF-«
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Institutes of Health (NIH) Guidelines for the Care
and Use of Laboratory Animals" A|Zo] w2} 43§
s,
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B Ao AM-E 132 EE7) (Labiatae)ol| &35t
TR 280l 1% Salvia miltiorrhiaza Bge. 2] %
Zot HelErls Az Aow Fodittu & 3

3) Aok

Thioglycollate (TG)x= BD Pharmingen (San
Diego, CA, USA)ZHE I lipopolysaccaride
(LPS, E. coli serotype 055:B5), protease inhibitor
bicinchoninic acid (BCA), diethyl
pyrocarbonate (DEPC), isopropanol®} 1 £] UWkA|
OFEL Sigma Chemical Co, (St, Louis, MO, USA)
AES TSt ANt RPMI-1640,  fetal
bovine serum (FBS), penicillin?} streptomysin
Gibco BRL Co, (Grand Island, NY, USA) A&S
AM23H9c}, Mouse IL-13, IL-6, TNF-a 9] 2H]%

2 ZA3}7] 3 enzyme-linked immunosorbent

assay (ELISA) kitst R&D Systems (Minneapolis,
MN, USAZYH 215}t Inducible NO
(iINOS),  f-actinol  dfgt kAot
peroxidase-conjugated 23} AT Santa Cruz
Biotechnology (Santa Cruz, CA, USA) A|FS AR
3ttt Enhanced  chemiluminescence  (ECL)
Western blotting kit Bio-Rad Biotech (Hercules,
CA, USA) AlF-& AM3-3I91aL, Real-time RT-PCR&
93+ SV total RNA isolation systeme Promega
Co. (Madison, WI, USA) 12]aL TRIzol, reverse
transcriptase, INTP mixture, DNA polymerase 5
9] AJeke Invitrogen Co, (Carlsbad, CA, USA) A|

F5 Ahgaiac
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Endotoxin shock E, coli serotype 055:B525
B 92 v 2o} =421 LPSE C57BL/6 (37.5 mg
/kg) AHel B W= FUstd st Ul 25
02 AF (OF 7T n=5)E T3l I (FED)
TE= M F3E (Salviae Miltiorrhizae Radix
Extract, SME) 1, 5, 10 mg/kgS T2o2 F3191
o} Fol 12K ¥, LPSE HE3IaL 12ARE 1Mo =2
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SECEES R
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neutral-buffered formaldehyde §-210 2 12A]7F 11
AL paraffin® 2 X3t F 4-mm FAZ sliceZ
et 7} BE-2 hematoxyling eosin (H&E) 2
2 g T Betan)daen Bk

4) ELISA assay
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& 10% FBSZ ¥3}3} PBSE blocking AlAZL). Z+
well-2 0.05% Tween 200] E0{3)= PBSE THA] A
ofE Th v} Sl rkelar oF 2ARE whEA]
ZIt}, ©o]% biotinylated anti-mouse IL-173, IL-6,
TNF-ea & Z7Fs}al, avidin-peroxidaseE 7|8t}
1 ok 8549 719l 33'5,5 -tetramethylbenzidine
(TMB)Z Z7}sko] 450m filterolM S352 =43
t}, AF3S (recombinant) IL-18, IL-6, TNF-a &
AM3}] standard curveE IA] HH|E cytokines
= g3t

5) Peritoneal macrophage?| £

Aol AR 3497 AF Bl 3 w9
Brewer's thioglycollate (TG)E AR & AF] &
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ot 53 e diAAERRS 7] $lste] FRAEE
g WS Fate] AR § F2E AEE A
HjzjellA] wlekste] A EA el sHA| AMgsloIt

6) MTT assay

Aol AEEE AoRle AHE7} tetrazolium
compound  3-(4,5  dimethylthiazol)-2,5-diphenyl
tetrazolium bromide (MTT)E X2 formazan

crystals© 2 WINPT 5HES olgsh= HAY
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(colorimetric technique)s ARgsle] HA8}gic)
Krebs-Henseleit buffer (115 mM NaCl, 3.6 mM
KCl, 1.3 mM KH;PO4, 25 mM NaHCO;, 1 M
CaCl, 1 M MgClL)°ll 5% MIT 8 50 plE5 2
wellsol] Z7F81aL 308 52t 37°C vjek7lell o 21
T AZlS AASAL dimethyl sulfoxide (DMSO)
200 p1E H7Yshe] A9 formazan crystalsg 59
t}, 7} aliquotsE ELISA plate readerS AR-3}o]
540 mn BPgollM EAskglon, Aste] A= 3714
=529 plateoA] 33 35S means +SD 1O 2

Vgl

7) Real-time RT-PCR

Total RNA?| ¥2]= Promegail?] SV total
RNA isolation system2 ©]-83}%31, RNA A &
oligo (dT)12-8 primer2} SuperScript First-Strand
Synthesis Systeme ¥33F 45F 20 ¢l RT §2 &
2 u#12] RNAZS o|83}9] reverse-transcribed cDNA
£ A8t RT-PCR2 StepOne plus systems
ol-83}o] Applied BiosystemsAlZ} Algshs A A
o ek ANHIEE, kA She fae] Bl
2 s #4987 Slal RIVL gl Mliee
AFgSIGIE 2 AHS A W e, 1 vk
“housekeeping" -A}2] hypoxanthine guanine
phosphoribosyl transferase (HGPRT)Z 1A5}%10
™ LPS A= 814 92 A|aEad) Haste] Alkst
ot ARSSE multiplex real-time TagMan PCR-S
93t forward®} reverse primers= TR} 2t} A
# IL-18 (forward, 5-TTG ACG GAC CCC AAA
AGA-3'; reverse, 5'-GAA GCT GGA TGC TCT
CAT CIG-3), A% IL-6 (forward, 5-TTC ATT
CIC TIT GCT CIT GAA TTA-3'; reverse,
5'-GTC TGA CCT TTA GCT TCA AAT CCT-3),
AF TNF-e (forward, 5-TCT CIT CAA GGG
ACA AGG CIG; reverse, ATA GCA AAT CGG
CTG ACG GT-3),
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8) NO9| %

7] $fatod, AIE w0 RTE 100 #19] FHS 2
L 9Fo] Griess reagent (1% sulfanilamide / 0,1%
N-(1-naphthyl)-ethylenediamine dihydrochloride /
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Griess HF3-2 2 nitrite S=Z Z743H}, Microplate
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9) Western blotting
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=34 A8l PBSE AlA3 3, protease
inhibitor cocktailE 388} lysis buffer (50 mM
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Tokyo, Japan) 7]|7]o|x] Thld W8S #5190,
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Fig. 1. Effect of SME in LPS—induced sepsis model.
SME was administrated orally to mice (n=5 per group) at 1,
5, or 10 mg/kg. After 1 hr, LPS was injected intraperitoneally
at 37.5 mg/kg. It was checked each time per 12 hr for 5 days.
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Fig. 2. Effect of SME on serum level of cytokines in LPS—induced septic shock (a), (b).

Mice were sacrificed 3 hr after LPS injection, then blood samples were harvested. Cytokines secretion was measured by ELISA
assay. The values are the means £ SE. of three independent experiments. * p < 0.05 vs LPS treatment alone,

SME 1 mg/kg + LPS l A )

Fig. 3. Effect of SME on lung damage in LPS—induced

septic shock,
SME was administrated orally to mice 1, 10 mg/kg, 1 hr
before LPS. Then, LPS was injected intraperitoneally at 37.5
mg/kg. Mice were sacrificed 3 hr after LPS injection, and the
lung was harvested. The tissues were fixed, embedded, and
stained with H&E. Representative images were obtained at
x200 magnification,

SME 10 mg/kg + LPS |

Fig. 4. Efect of SME on liver damage in LPS—induced

septic shock.
SME was administrated orally to mice at 1, 10 mg/kg, 1 hr
before LPS. Then, LPS was injected intraperitoneally at 37.5
mg/kg. Mice were sacrificed 3 hr after LPS injection, and the
liver was harvested, The tissues were fixed, embedded, and
stained with H&E. Representative images were obtained at
x400 magnification,
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Fig. 5. Effects of SVE on expression of inflammatory cytokines in LPS-induced peritoneal macrophages (a, b, ¢).
Murine peritoneal macrophages were cultured for 1 hr either in a medium alone or in a medium that contained SME, as
indicated. Then, the cells were treated with LPS for 24 hr. mRNA levels of cytokines were measured by real-time RT-PCR,
Values are the means & SE of three experiments. * p { 0.05 vs LPS treatment alone,
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Fig. 6. Effects of SME on secretion of inflammeatory cytokines in LPS—induced peritoneal macrophages (a, b, ©).
Murine peritoneal macrophages were cultured for 1 hr either in a medium alone or in a medium that contained SME, as
indicated. Then, the cells were treated with LPS for 24 hr, Cytokine levels in the supernatants were measured by ELISA,
Values are the means & SE of three experiments. * p { 0.05 vs LPS treatment alone,
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Fig. 7. Hfect of SME on NO production in LPS—nduced
peritoneal macrophages.

TG-elicited macrophages were cultured for 1 hr either in a
medium alone or in a medium that contained SME, as
indicated, Then, the cells were treated with LPS, The amount
of nitrite was measured after 24 hr of incubation by using
the Griess method. Values are the means £ SE of three

experiments, * p < 0.05 vs LPS treatment alone.
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Fig. 8 Effect of SME on iNOS expression in
[PS—induced peritoneal macrophages.

Macrophages were cultured for 1 hr either in a medium
alone or in a medium that contained SME, Then, After
stimulation with LPS for 24 hr, the cell lysates were analysed
by Western blotting using antibodies for iNOS and [S-actin
was used as an internal control to monitor equal protein

th

loading.
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A 239 Sgsi A, Wi F83 X540l
e ¥ F Ik

ool nlimitde, T L, SR 52 E5o] 9
30 RS, B, FFER ol ARSEE g
o] izholl oJ3t A 23 L Bl diste] &}
7} 908 Zolg} AlgEo] B 7S Hss =
e isrell Zgste] ik mTmstaL ok
7R BAR 3 mEE AAT £ YT 2 ifim
iR E37E glo] dizll mE Jime] e BE
Zoll 88 g Aog duA g,

B oA AFo) LPSE Folste] 8N &
a5 P FERIS olgsto] Jige A€ &
o) 3t &aFE Joprw, I 7)7S AF e BFo
ZHE O2AES Fefste] 1 8438 oloket |y
sk 2 e B3 AR 941 SMES] in
vivorlM9] 5438 ZARIY FEE ARSIt 10
nglkg olalolr= Aol frouldt £43& JehliA
koo slolalglar 1, 5, 10 mg/kgd] FEE SMES
AF ol 77 FofghA] 1A  LPSE B U2 5
Apste] 12412F 912 597 s B3 LPS



=02 septic shocko] =8 AF= BF 24A7H
Tho]l AEE 0% JERAIL, SMES Fofgt AJF
A FE &R0 AES0] IR #EE 5 9
ATHFig. 1),

SMEZ} od 717& FalA A AEEE =9
FEA #8171 S8l SMES Fofgl septic shock
RAFEde] ol | A4 AllE7IR] w2l 1t
3 |z AJeE #EsgIch LPS FE 1ARE A
of AF Al SMEE FofskaL, LPS g 341K 4%
Zol| Pl 7] 22& AFHsHICt. SMEZE LPSe]|
o3 frese 9 W IL-6 % TNF-« o] #HIE &
T oEH 0T IIAATIE 2 & YSITHEg. 2).
T3 LIPS o8] FEEk= sepsist B2 A7
48 do £ 9oy Ak AAS 3|E Y,
LPSe]| oJgt &44e] A7} sl 249 Fejws), ¥
AL, neutrophil -, £ Fo] 1S Fofgt AF
of 74} HelMe AR Ak #EE F ddot
(Fig. 3, 4). SME2] F-oJ7} septic shock A7 Zdle]
A G54 AlelETIRIY] #HlE FHAAT]aL Tt
7 Flo] 238 A3 JAToEN =S Tt
A G Slslom, olejgt Ade shE AN
A7} sepsis 7 EoA TNF-a 744 2 ¥ HE
A} 9a? septic shock E7] RdlolA] RS
TNF-a oA 9 24, 3, A7 229 Wejy &4 ¢
3} aapt g Ao nugd® sjze] At 53
T #Ao] 2 Zlog Az,

LPSo|| 9J5)] SEER= sepsists T 954 Alo]
E7l01a} ukgA AFSEROS)S HHlsh= thAAE
o BAdel| 7IQlstER AFe] BRoeNH Fefgt
Azl G548 AllETIR] FA 2 EH|A
SME®] 3= ZARISIHE SMES] &£ 1, 5, 25
pgml 2 GEjste] QAMEE Azt Fo LPSE
A53k9iLt, IL-1/3, IL-6, TNF-a 2] mRNA W2
SME®] F=7} S7Fel whet ZHashs 2102 e
Wl IL-1 3, IL-6, TNF-a RS SMEQ] 5%7} 57}
Sholl wie} #HPt s A2 JERiTKFg, 5,

AVIE 9] 390 8T T it F2E9] oAl e} 1 71 A A

6).

NO+ Reactive nitrogen species (RNS)2}l £
m ST shtelw, @F it Fa% 9%
3k Ao d#A . SMEZL LPSel| o5 =
E= NO, iNOS Aol vlxle 93ks golxr] 4
ato] SMES] $EE 1, 5, 25 ug/nl 2 DEjeto] of
ANES A3t Fof| LPSE A=315ith, LPSo] ¢
3l #H| =R NO2| drRRHER] nitrite T8 S35}
o] NO AJA4e] g #Fdston SMEZF NO A
S dA8] AAlsh= ZaE #EE 5 YAt (Fig,
7). 22)aL SME= &7 thAA|Eelx o] iNOS Hals
TE gEHog NS ERIT 4 SIrKFig.
8).

A7 B dAHES deR 3 7] A8E §
3 SMEZ} G54 AlolE71R1e] 34 2 Ml A
Al713L, NO 2 iNOSe| A& JAlsh= 71dE &
34 septic shock A7 o &gt a4= g
He & ek olEjg A3 Ads U937 AlE
g oo J1g FEE0| PMA T LPSo| o3|
Z4J31E]= TNF- @ 9F COX-2 mRNA 23S G204
A 727 LPS A2]" RAW 264.7 M|E
oA J}% Z2ZEo| TNF-a, IL-18, IL-6, MCP-1,
NO A4 742 2@ iNOS, COX-2¢] W8lg Asfah=
A0 Uepd? Ma oA7sst o] SMEZL %5
3t G5 A BHE 7L g AR,

oPdel 7 AAEZ Hol mhe] AHZHR] SME
7F G54 AlolE7IQ W 2 NO AAE 243l
717g B3l HEA &3el dis] IA 7S Hole
Ao Azt olof SMEZ} kel oJa) wHAyE 4
= 85 9 O g4 2 o Ak

O

=
2 Azl EHAY Aoz Tlosk= vlold), %5 It
0] thofat ofe] AE] thet pEjel st o

e

FEE A BE ORI AR Fomo QA
B2 3 F71H 9T o] BaF Aog A}
s,

23
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= endotoxin shock A}

L 1 LPSOH «loﬂ
Frdo Y& 27}*]73‘3}

2. J13& endotoxin shock AFEEe] gol ] 45
A APlETRIS] FHlE ZHAAIFT

3, J1%& endotoxin shockdl] 98] F=== 71} ¥
o] &3E A3 JANTE 23 Uehideh

4. IS AFRTE gt 5 tiaAEel o
=4 AolgEFjolo] g W HuH|2 7L/\A]7ﬂ\:}

5. S AFRFE Zefdh 5%
iNOS®] W 3! NO9| A& Eﬂjﬂb‘] 4
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