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Salvia miltiorrhiza (Danshen) is perennial plant
and commonly used in traditional Chinese medicine
to treat numerous diseases like cardiovascular and
cerebrovascular diseases, coronary heart disease,
myocardial infarction, stroke and some viral dis-
eases. Nevertheless, no study has been conducted
on the antiviral properties of crude extract of Salvia
miltiorrhiza against Influenza virus. In an attempt
to identify new potential anti-influenza virus agents,
200 natural oriental herbal medicines were screened
and we found that Salvia miltiorrhiza has a poten-
tial anti-influenza effect. Therefore, in this study, we
investigated the protective effect of aqueous extract
from Salvia miltiorrhiza against divergent influenza A
subtypes using murine model of influenza A infection.
Effective dose of aqueous extracts of Salvia miltior-
rhiza in BALB/c mice displayed higher survival rate
and lower lung viral titers when challenged with lethal
doses of influenza A subtypes ({A/Aquatic bird/Korea/
W81/2005(H5N2)}, {A/PR/8/34(HIN1)}, {A/Aquatic
bird/Korea/W44/2005(H7N3)} and {A/Chicken/
Korea/116/2004(H9N2)}). In vivo results exhibited
that Salvia miltiorrhiza induced prophylactic effect in
BALB/c mice against Influenza virus by disrupting vi-
ral replication or preventing viral infection by creating
an antiviral state in the lungs. Taken together, the use
of aqueous extracts of Salvia miltiorrhiza as an orally
active antiviral agent, will be potential candidates for
prophylactic treatments against Influenza A virus for
humans and animals.

Key words: Salvia miltiorrhiza (Danshen), aqueous ex-
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ost W9 =4 avE v %3] Enterovirus—71°14
SARS—associated coronavirusell tfgt &unjoje]~ &3}
AAl BaE vp ok [17-19]. wEbA] olg st A Ao}
ko] gist o B A= AT ATFHA
Aol - EFAA A5 S in vivool A ThFs 43
(HIN1, H5N2, H7N3, HON2) 2] AZF4A} vho] 2 A
ojsl 7<= 3kslt.

AT FARR] dx Wb A" kAAA
(Jaecheon, Korea) oAl ik F Fd AT AR S
AA 844 FEF A3t (Ki—Hwan Bae,
College of Pharmacy, Chungnam National University,
Korea). 71& ©ite] A4 F5& 1L S5l 100g9
Ax @4hs £33 H $% 7] (Gyeongseo Extractor
Cosmos—600, Incheon, Korea) 5 ©] &3 105TCelA
2A1ZF 30% 3 TEAIE B eRE Skl
(Vitabio Corporation, Daejeon, Korea). %% 0.45
m 2 (Millex”®, Darmstadt, Germany) ¢ & 3}A] 7]
Lol 24413 FQF REst § 12,000rpmel A 1583F
A ste] pHE 7003 AT o] F FEES
0.22 m DE (Millex™, Darmstadt, Germany) ¢l 53}
F eddx o A siol shA PBSel &afa Al
ALt Ad 4 BALB/c vh$-2+ AEFE (Samtako,
Korea) oA Fulgt 555 4H & lﬁﬂ subg = A &
Ao o] &gt W FEES 0.1mg/ml ] v 5=
200 wH 3¥, AdE A7Fo] #HoH (20ue/head)
HxzTols 22 £ PBSE Foatglt. @ F5E9
upA g Fo] 3 24 A A o] w9~ F Avertin(2,2,2-
tribromoethanol, 2—methyl—2—buranol, Sigma) =
o] g3 mFH skl oy v wkEA ALK (LD50; Lethal
Dose 50%) 2 5Hjel &Gt &3 v 5o
QIZFall A} vfo] 8~ {A/Aquatic bird/Korea/W81/2005
(H5N2)}, {A/PR/8/34(HIN1)}, {A/Aquatic
bird/Korea/W44/2005 (H7N3)}, or {A/Chicken/
Korea/116/2004 (HIN2)} & 22 30 well 34 sto
7 Wl dFos AT 1 F 139 &9t mh-Al
Ass FAdstgon, A=HA FELIS 98 25%
ool Als &Aool GlE mh-2E= QAL & ovho] e e

o HALE e,

nhs oA FAT whole2e e AL EF
(TCID50; Tissue Culture Infectwe Dose 50%) <
SAeol ARG, ks A 0w E

n A 2 G FEES —Er°5| 5} 1% PBSE Fo%
IF9 v~ E AY Q3

A3 el A7 7D F 3%_‘”419} 5dA o] mpg-22
g Fudos FEEeltt LEE #J AEe FAAA

(penicillin and streptomycin, Gibco) £ &3+
(Fungizone, Gibco) 7} &% PBS 500 pts} 37
Z A 34 7] (TissueLyser, Qiagen) oA A7 &
12,000 rpmel Al 1583F 428 § dFds 23
N—(ﬂoﬂ 0]8_5101\;]_

TCID509 =42 Madin—Darby Canine Kidney
(MDCK) A% oﬂH stk 96—well platecl
70~80%9 =R AEE BT F wEe do] 4F
A&<S DMEMel 10¥] 32 343k 50 wE

mlo

A Wi 4 well® FFAAIA 37Tl A wjekatslnt.
3t A7 & DMEMS AlA3Fa L—1—-tosylamido—2—
phenylethyl chloromethyl ketone (TPCK) trypsin
(Thermo Fisher Scientific) & 3+ vj#| & Yo] o]F
T2AZF & moksAlt, ot A FEEO MAESAS
MTT assayE ©]&3to] HEK293T9} Hela Al 3EF0] A
ixq;}oﬂ‘:} 96—well plateell AXE B 3 5 it
S FEHE(1-100pg/me) A3 37°CellA 24A13F
At e Ad2 3§kE FAsdY. 2442
MTT assay Al2%S 2 wellel 10 ﬂﬂ”’“ g 3k &
7°C Aol oA 1AIZE REE& A F 450m ¥4
FEAE ol &3t FFE s S5

= A .

2 A AnEA, dA FEEY FAZFAA
g sty 8 HA FEES T v
PBSE Fold mpg-2of thekst 439 AEFAA
vol Y AES AN F voly A Ao w 2l
et w20 HElE Belsigith. Aol AbgH
dddo] b2 JlEFdA weolgl A~ HINI, H5N2,
H7N3, HIN2G > mf9-2 50|42l Hlo|H 252 BE
YA upolg A7) ulg-Ae AR 55 FAS

Frdl HAAI7 = Aol da AF oA 2l gl th(data
not shown) A A ol A 7l F 3~4 YA H-E
PBSE Sk ol 3t vh-2ollA] B A s}, TR e e
‘:'ak—r} 71—0 a}o]gﬁ/\ 71—oﬂoﬂ EH_i‘_
9d Ao BE wpg2eoA AEAJA AT AT
gelH g Whd Wik FE2ES ATFAs AP e
o) B30 mpg Ao A 7 A 7EA 9
Ol YEtRtor §UAFE AF2 3] Ho] Az o
13%1&11011% ds] s EaGTE Ak e AdAAR=
BE Aol dst el Al vskAl ElE ok vk
%%“ Fol2 HINL, H7N3 #4el el s 80% 2]
AEES YER AL (Fig. 1A and 1C), H5N2, HIN2Z
el daiA= 100%9] BEES e (Fig. 1B
and 1D). o] 5 13U A7 &5 v A5 1 TS
L ERU A °}°‘°H4 A&AQ AF F7H7F FelE
WA PBSE St 2ol = HINL el oialA
8 A, H5N2, H7N2, HIN2 el tisiAe= 1044
RE AT 259% o)A AF Z.&ig ol A¥FE
Sl A ol whet kAl Ho] HAbs Ao R A2 Q).
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23 AstE o] Hel A Z20] o] 2o 27| wiel, 7t 1F
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39A e}t 5L AN 2+ 6.7 TCID50/me, 7.9 log radiata) 2] “d2) lycorine SARS—CoV< A3+
TCID50/me & vFeRE o, T4t %%% ATl M = 22t g4e 7 Ao auA Sdnt [22]. ol Fh A EA
5.5 log TCID50/m¢, 2.07 log TCID50/m & VFERR;T AAEELS vtolgfze] O3t AFH & %ﬂ%ﬂb},
(Fig. 2). =, ¢ 5 3948 544 v It 5= A xdAAe] HdS fFrste 59 a3E dEkdT
AE el A PBS EHZ?OH Hlsf vk kel wpolef A7) AALA O 2 wpole] 2~ Fhedel gk Maloluy X A7F Gl
A Y-S ATt ek, PBS dlzare] A9 3UA el A A ﬁEa"] s FHo] Hol gty AA=Z
Hlsl 5ol o @ H}Ol g &7F ghlE o] Aol A AABAZ Toll =, o] gk A& ooF X9 3§ E-S
e} wpol el A8 FAo] solus AS B g Ao W ol Qe A Aﬂ?%l"l 80% = FAtETH =, FH S
Ga T A = 3UAel v 5AA el o] w2 W xdsgds g o 1Ei*ﬂl | 24 A&
wpol e A7F A o] mbgA7h vpolel A P o2 H Y EAES BFY8le volg s 4ol st dulol el A
et A sk, ole @ FEE Nake] FQ3k 3k BE o7 ygEojof st} [23,24].
Folgto e Rrp w& AEFo] AA Yo vpolg A @A A olelek AEA HAAAY FuE AE
S AAF ez Yedte 2E FYeke Aol ool A = gk vpole A ghqdel sk Fhulol e A2
2 FEAY BT @ulolegy A %%*e‘fﬁ | st Abg-E o] ok [13,14]. T3 7]Eof] BHED A toA
A3 FAS Wol AT (TEAY AWM. @tAiko] Enterovirus—713% SARS*associated
Protocol number BSL—ABSL—16—OO4) npxuko g coronavirus® A= Zo] w34 g [18,19].

AZEAE gelstr] S EM:
%’—E‘j—ii ﬂﬂﬂ % MTT assays
2 HEK293T A% oﬂ*ﬂt 19.55
pg/ml £ 0. 02 HeLa HILTOML 63.66 ug/ml = 0.06<]
CC502 "}’E]'LH%E} (Table l)

vpol &) &~ ZFede oig o e AEHEFoR
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Table 1. Determination of cell cytotoxicity (CCsp) of Danshen.

CCsp means cytotoxic concentration causing 50% cell death. The
results are mean of three independent experiments.

Cell line CCsy £ S.D. (1g/ml)
HEK293T 19.55+£0.02
Hela 63.66 £ 0.06
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Fig. 1. Oral administration of Danshen provides protection against lethal infection with divergent influenza A subtype in BALB/c
mice. Oral administration of Danshen provides protection against lethal infection with divergent influenza A subtype in BALB/c mice.
5-weeks-old female BALB/c mice were orally administrated with 0.1 mg/mL Danshen in a total volume of 200 pL (20 pg/head) three
times following every alternative day before infection with the SMLDS50 (A) H5N2, (B) HIN1, (C) H7N3 and (D) HON2 influenza A
subtypes (n=5). Control groups were orally administrated with 200 pL of PBS. Percentage variations of weight and percentage survival
after challenge were recorded until 13 dpi. (*P<0.05 indicates a significant difference between groups compared by Student’s t-test).
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Fig. 2. Oral administration of Danshen inhibited the viral rep-
lication in lungs. Oral administration of Danshen inhibited vi-
ral replication in the lung tissues. 5-weeks-old female BALB/c
mice were orally administrated with 0.1 mg/mL Danshen in
a total volume of 200 pL (20 pg/head) three times following
every alternative day before infection with the SMLD50 HIN1
influenza virus. Virus titers in lung tissue of the HIN1 infected
mice were measured by TCID50 at 3 and 5 dpi (n=5). (*P<0.05
indicates a significant difference between groups compared by
Student’s t-test).
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