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Comparative Antiviral Activity of Aqueous and Ethanolic Extract from Salvia
miltiorrhiza against Feline Calicivirus, as a Surrogate for Human Norovirus
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ABSTRACT
Received: 2025 July 08 Background: Feline calicivirus (FCV), a surrogate for human norovirus, was used to evaluate the
Tst Revised: 2025 July 14 antiviral activity of aqueous (SM-DW) and ethanolic (SM-E) extracts of Salvia miltiorrhiza. In the

2nd Revised: 2025 August 08 absence of effective antivirals against non-enveloped RNA viruses, such as noroviruses, screening
3rd Revised: 2025 August 18

Accepted: 2025 August 18 tra{dltlgngl inedlclnal plants, such as S. miltiorrhiza, provides valuable insights for developing natu-
Published: 2025 August 30 ral antiviral agents. N , , ,
Methods and Results: The cytotoxicity and maximal non-cytotoxic concentrations of both

This is an open access article ~ €xtracts were assessed in Crandell-Rees feline kidney cells. SM-E showed markedly stronger anti-
distributed under the terms of the  viral activity, inhibiting FCV replication at 3.13 pg/m{, whereas SM-DW required 100 pg/m{ to
Creative Commons Attribution  achieve a similar effect, indicating more than a 30-fold increase in potency. Additionally, SM-E
Non-Commercial License (http:// exhibited a higher plaque reduction rate and greater suppression of viral titers, particularly in post-
creativecommons.org/licenses/  faction treatment, suggesting potential interference with intracellular viral replication. High-per-
by-nc/3.0/) which permits unrestricted DR . . - :

. o formance liquid chromatography revealed that SM-E contained substantially higher levels of lipo-
non-commercial use, distribution, R . . ) . . ..
and reproduction in any medium, philic dlterpeqmds, especially tanshmope. 1A, than SM-DW. Thls .enrliched composition appeared
provided the original work is properly ~ t0 be closely linked to the enhanced antiviral efficacy of SM-E, indicating that tanshinone ITA may
cited. be the key active constituent responsible for viral inhibition.
Conclusions: These results indicate that the choice of the extraction solvent critically affects the

@ @ antiviral potential of S. miltiorrhiza and highlight SM-E as a promising natural antiviral candidate
against noroviruses, acting through tanshinone-enriched mechanisms.
Key Words: Salvia miltiorrhiza, Feline Calicivirus, Antiviral Activity, Norovirus, Pheolic Compound,
Tanshinone, Time-of-Addition Model
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A5 =] SAE =i, A= dhtole] A el H FELA lom, A AAA R AAE 9 FA S 7
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2005; Rajasekaran et al., 2013).

=2Hle]# 2 (norovirus, NoV )= Caliciviridaex}?l) <53= <]
1 HEf @ 7He RNA HRol2iAg2a] d AAI A o8 34
AE T2 AR AEH Uk, A3 7 AT =
S AGYEE R R 2550 T2 WAAZ BREY (Ahmed
et al., 2014; Robilotti et al., 2015), 253+ F-44 ThFd= 7
d B0 sl Al gl ghtole| A o] oY, FA)7}
2] YA o2 21E X 8471 §lth (Lindesmith ef al., 2010;
Winder et al., 2022). o]l w2} SEAsIaL 213734 <] o]y
2 2] gurt Fa3 AAZ FHAL o, 53] AF
2 AL S0 28 Thest F54 HAE 7N Fhlely s 4
Aol gk #HA4lo] F7Fskal Ut (Stals er al., 2011).

28U NoVe QI7Fe] A Al ol xrt F2o] 7hssfe] Uwt
2l FERY} A ZF 7IRE AP oM = wjgo] oHAL &
A g8 T3k ylo} ol g5 Hrlel| Z A|2Fo] o] (Duizer et
al., 2004), °F= $H =4°] 7|14 H7ht 524 oA a9E &
Ash= o 714 SAVE Atk ol SHAE SE3s7] Sl
NoVe}l %02 FAFSH feline calicivirus (FCV) % murine
norovirus (MNV-17} th] Rl g2 &85 7 glom o]ES
835k o]l 7t melo] hiks] ARS-E AL SlT} (Steinmann,
2004; Wobus et al., 2004; Cromeans et al., 2014).

A 27 ks AAEo] MNV 2 FCVel| thsf] ahajo]e 2
e YeIT Y B 7 EQ e, E3] polyphenol 2 flavonoid
7k AEEe] T8 28 RO Z A HUTE ol E £, Lee
5 2014y Y] (Morus alba) T2} H-8&E0] MNV-19] &
A2k FCV-F9 Hpol2i 2 ixke] WAIskS Algozx 21 vf
N wkelg] ol tigh Futeles §3E BRItk B st
ST}, B3} black raspberry (Rubus coreanus) T2>= Hpo]2{
st 47 37 29 AFL AR vl UL
Ao ZA MNV-1 28 E EHH 02 Alshgirha ws)
At} (Oh et al., 2012). =212 polyphenol A3H-< anti-FCV-F9
o] Z= AE 5L w2 ol 548 e (Oh
et al., 2013), L8 7} (Origanum vulgare)2] 35 (Gilling et
al., 2014), 7 (Diospyros kaki) %= (Kamimoto ef al., 2014)
5 TS A Eo) duoly i AL el Zos B
At

a8} 7128 AFES vlelE & A wAY S tigh Al
TR 2] 713 A A g o], terpene AE 3
22 A8 =de] nolE s B S IR A= Y

°]
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£ ofr K
:\L >il

oI, Tk AT F1 ok AR 75
4t (Salvia miltiorrhizaye EE3) &3l thdAy

oA 2 ARS-SHH, A A AE X JEE oY
9k, A 9} 5 AW o) BAo) ol
t} (Zhou et al., 2011; Wang et al., 2015; Gao et al., 2018;

=
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Cui et al., 2023).
] 8 g RS 5= Srfol met 24 844 R
A& 7o 2 U, 784

lithospermic acid, rosmarinic acid, danshensu 5ol 9o, 2L

AJE-oll & salvianolic acid B,

J /d# S Z+= tanshinone 1, tanshinone IIA, cryptotanshinone,
dihydrotanshinone 1 5-°] 23t} (Li, 1998; Li et al., 2010).

SR HRES B BUT A4S Bo) NS nEse,
A8 AR Far, 3, AT 2 o) 5 W 24 53}

£ Uehdt) (Liu ef al., 1992; Lee et al., 1999; Ryu et al., 1999).

ol gt A &/dol| 7|vtste], THate] dutolel = th
et YA S e E RUEI Y Tt B FEES UE
Tz} vlolels 74 RdoA BEEES EoliL vlojglk &
AE AAEI92H (Lee er al., 2018), enterovirus 71 (EV71) 7+
A Ao A RNA 343 A B AlE APE 4 295 vER
o} (Wu et al., 2007). B3} salvianolic acid B= VP1 && |
o} elF4G1 A A S B3l Ax BE A2E 2da0oH
(Kim et al., 2019), rosmarinic acid= HFo|H 2 YAk &3 4
BA) AS Al A9E] o]l €498 JERAITE (Hsieh
et al., 2020). T=3F lithospermic acid AS} B A3l tfgh v
=293} S| HIV-1 integrase 84S 2JA|51e] gnjole] 2~ 4]
< Vepgo] B E It (Abd-Elazem ef al., 2002).

e} o]y gk Aol A ©hatke] dhmtolel s g gl tigh 4
A 23S el 34 E4L 72 784 HE sigtEel
A5 Ho] e, 2-873 tanshinone AlE 3HHE2] ntol2]s
A= AF o E AgH o)), 2 Aol W= tanshinone
I ¥ A= thFst RNA Hlo]#{ 2o A] viral L protein?]
endonuclease domain®| ZgHated 7 At (cap-snatching)ys &
AgroZH ulolg 2 EAE Welohs A SR YT (He er
al., 2023). T3t tanshinone IIA sulfonate sodium 2] A2 7]
38715 % (porcine reproductive and respiratory syndrome,
PRRS), T35 HA 2715 ZZLHIo]# 2 2 (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2) ¥ Z o]
Folld HA A2t o7 HA| 9 e} 2de] #e{Sh= papain-
like cysteine protease (PLpro) T2 248 #3331 (Sun
et al., 2012; Chen et al., 2022), p38 MAPK A2 JAE &3l
AS W esto} oy FIE FAlO] BT By
ST} (Valipour, 2023; Yang et al., 2023).

o]x¥ #A-&4 tanshinone A1 E -2
& AU e Ao Z HolL}, NoVel 22 A
g AHAQ Bk o3 BEs] A
Fo] 7879 9 309 T A& S FHekaL
Eo] A3 e & gulol wEt 24 @2t (Zhou et
al., 2005). 95% °ler& = Al A-8/d tanshinone d+0] FE
HojR | & F& Aol T2 ZuE Alge] 484 AJRo
Z3HET} (Tran ef al., 2021). WehA] o3 55 &rjjof 2



=

Aol = NoV thA] vle]2i2ql FCVE
& FEE 95% ek FE=9] vtoleis &
7¥eiatt. 4t FEE4] FR4ES HPLCE A%
&, plaque reduction assay 2 time-of-addition =2 7]
Sk TCIDs, assays 53l vlo]g]2 A =} 2R Al
A ol Fal & &l wet Wslste
tanshinone IIA &=} dutolels a3} 7he] Al S st

4 S,

=

S
= =
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M=

b=

(SM-DW) & OIEtE == (SM-B)2] HIZ=
A FF oY (Salvia miltiorrhiza Bunge)yS 2021
P Axg 2SS w2 FHLAEZ T <l
252 (Eumseong, Korea)Z 78 Al dth, A5+ #3471
ulA] 243 3 505 XA (300 m)E FHAIA FL3
o] B A|E=Z A3
SM-DW$} SM-E2 717} 557 2 5% acetic acid’} 371
95% ethanots: G2 slo] FZ3IRATE. of|ehE F20 A3 o
22 AFE-3F o], tanshinone A€ 2] & &80 U2 &
T 271 95% ethanolol| A =8kth= A 234 (Tran e al,
20219k, oM oflekg o] T4t W A ] F=l
Z3ldthe 9 (Zhu er al., 2013)2 BF3slIT.

7} FEe w8 AR 4500 aF &l 2,250me & 7
J 2o 3087 253} 571 (UCP-20, 120V, 60Hz, JeioTech,
Dagjeon, Korea)s ©|-8-at] 383t} 3542 74 (No.
, Whatman International Ltd., Maidstone, England)S S35l <]
33k % 71t F%7] (Eyela Co., Ltd., Tokyo, Japan)E ©]-&3}
&3 o] F FAAZ7] (TFD5503, IlsinBioBase, Dong-
ducheon, Korea)oll /] #2 e = Az}, 4TCollA L3l
Rt

b

LT

2. et FES0IM £ IS 2380 XIEY tanshinone
AL HR ot 24

SM-DW, SM-E°]l 329k <84 #ll=7] B A8~ tanshinone
AE e s BAs] flal, 24 AlRE 10 mg/mt 9] 5
L2 3= gnjol 843 5 0.20 i syringe filter (13JP020AN,
Advantec Mfs. Inc., Dublin, CA, USA)Z 753 th.

HPLC Al & 14 T 2555 AH8sslen, 484
H=A 3HgHES danshensu (DS), protocatechuic aldehyde
(PCA), vanillic acid (VA), caffeic acid (CA), rosmarinic acid
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Table 1. HPLC operating condition of simultaneous analytical
method for 14 pharmaceutical constituents in S.

miltiorrhiza.
Instrument Shimadzu LC-20AT HPLC system
Column YMC-Pack ODS-AM column
(250mm X 4.6 mm .D., 5 zm)
Detector UV-VIS detector (280 nm)
Solvent A Water: acetic acid = 99.2: 0.8
Solvent B Acetonitrile: acetic acid = 99.2 : 0.8
Flow rate 1 mé/min
Oven 30C
Injection volume 104
Gradient elution system
Time (min) %A %B
Initial 98 2
40 54 46
60 34 66
70 52 48
71 10 90
80 10 90

(RA), lithospermic acid (LA), salvianolic acid B (Sal B),
salvianolic acid A (Sal A), salvianolic acid C (Sal C),
protocatechuic acid (PA)S1 2™, X84 tanshinone A ¥
dihydrotanshinone I (DHTS), cryptotanshinone (CT), tanshinone
I (Tan I), tanshinone IIA (Tan [IA)It}. ®¥=E 5 DS, PCA,
VA, CA, RA, LA, Sal B, DHTS, CT, Tan I, Tan I[IA= Sigma-
Aldrich (St. Louis, MO, USA)°ll 4], Sal A % Sal C= Med-
ChemExpress (Romulus, MI, USA)ol| 4], PA= HWI pharma
services GmbH (Germersheim, Germany)oll4 33k}

7} BEEEL 5 wgml, 10 pg/ml, 20 ug/ml, 40 ug/ml, 80
rg/mee] FEF B|Aste] FAjof ARg-slgl o,
g8l 374 5 AT (RHE AFESISiTh Al A8 W
A ek HPLC Z2rkEad W3] 318 %35 A0 Y]

L XZ Il [e]
R =t

slo] Akt EAMLS Chen 5 (2012)9] Al Wz]d|o]
Ao] golgl TA| BARE 7uto g AR 248 M sle] 7

231t} (Table 1).

3. MIXZ & "lo[2{~of B2

£ Ao A8 FCV (VR-782)= American Type Culture
Collection (ATCC, Manassas, VA, USA)|A] oot om &
FA322] Crandell-Reese feline kidney (CRFK, CCL-94)= &t
<A Z3-2-3) (KCLB, 10094, Seoul, Korea)ol| 4] Alg-1to} AR

Ssic.
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CRFK A3+ 75 ani tissue culture flask (SPL Life Science,
Pocheon, Korea)oll 4] 10% fetal bovine serum (FBS; GIBCO,
Grand Island, NY, USA), 1% antibiotics/antimycotics (AA,
GIBCO, Grand Island, NY)7} 238+ Dulbecco's Modified
Eagle's Medium (DMEM; GIBCO, Grand Island, NY, USA)ell
X} 37°C, 5% CO, Z71] M<%F7] (MCO-170AC, PHebi, Wood
Dale, IL, USA)IA viFslAth. AlZ27F 90% o) 23 el
Seg 739 Al wiegste] Aol ARE-siT.

FCV 542 $I8lA4 ©@% (monolayer) “JEl2] CRFK A3z
Hlo]2] 2~ wj S HESIaL 37ColA 90 7 Ao,
o]% 2% FBS7I X3%E FXH]A] (maintenance medium,
DMEM)Z #7F) 37C, 5% CO, 27104 16 A1ZHlA 24 A]
ZW77HA] w et

A 3EHHE I} (cytopathic effect, CPE)7F S-S3IA ™ F-2} A
27} gesiA s, o] Al-olA F4-8lES 2 3] vHEsle
AZE Tg F 1,500 x gollA] 15 w2+ 4] Eelsksiet &4
SN M| ZBIE AlAS F cryogenic vial (SPL Life Science,
Pocheon, Korea)ll 0.5 m{% 1pro] ulo]2]2 stock &= A&
Rom ARE-g wj7hA] 80Tl Hfalitt.

4 MIEZ 54 A
SM-DW, SM-E®] o]z g7ret71el A, FCV
o] &A1 3Q] CRFK Al 32ol] thgh A2 54E gilste] 7k 3
259 FU 54 % (MNCC, maximum non-cytotoxic
concentration) A7 3IATH Al E4 H71HE 13 SM-DW<}
SM-E€] &% W= SM-DW?| Q1Z-F<l7} npe]2| 2ol tigh
Shalolg] 2 &4 77g oA HEK293T Al X1 HeLa Al 32529
ARE B 89 (1 pg/ml - 100 g/ml)S FEER 0™ (Lee ef
al., 1998) A2 @A S|4 -S o]8-3le MNCC AE ¢
g HH ] F= 9]
6-

= =1 2'0= T
k= A7 skt
CRFK A+ 96-well plateol] well T 6.3 x 10° cells® #F
SlaL, 80% U ZdEel W 7EA] vl sttt 0% SM-
DW (1.09 mgmé - 108.75mg/mé)?} SM-E (0.022 mg/ml -
0218 mg/ml)2 BAEE 3|48l zF welloll H2)3r 5, 2 A7} &
Qb wjeFetal oL 5 2145 DMEMO.Z A3 24 A|ZF 37} vl
&Itk M AEE H7k= WST-1 assay= JY =S o, A]
¢k& EZ-cytox (DoGenBio, Seoul, Korea)s A48l S35+
450 nm 9| 4] microplate reader (SpectraMax ABS, Molecular
Devices, LLC, CA, USA)Z =43} t}.

AN FE5E0] ER] %2 DMEM T Hj%]
5, YA 2T 0.1% sodium dodecyl sulfate (SDS)E A&
SIATE A X AEE2 AU U¥] 4] 3= HE=2 A
AT, 95% o Al AYEES Hole =5 MNCCE

Fekatar o] % ol s Ao ARE-SI3iT

S [e]
E}\(S]E

gl
Ho=
i=4 =
A

=g

=

TN
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5. =2el3 L4 AE (plaque reduction assay)

CRFK A 2E o83} FCVe] 79733 SM-DW, SM-E A
g 23 Witk A8 o A, CRFK A1 XS well & 1.8
x 10° cellsZ w3l 37C, 5% CO, Z70A] -2} vl s}t
FCV stock F5EE 1 x 106 — 5 x 107 pfuml 2 S =30
o]& 7|Wk2 2 plaque assayoll 23St 814 HEE A AT

SM-DW % SM-E= 7 MNCC % (5.44 mg/md 2 0.174
mg/ml)2 ZA|5F] FCV stockd} &3t H, 30 £7F WA
oh E§2 A viA = 10 vl 94 84}, ol 34
Hg FHEIATE AEA B AES Bl E9E JE s, 3
A il 107014 10714 AR skt

Wi ¥ CRFK Al ZolA 232 wi A& A AsLAL, 7 8]4] o]
2 g8 200 12 FHESIATE 37C, 5% CO, ZANA 2
A7F 59F F2 vk 3, overlay medium (1.5% agarose$} HYA]
Z1: 12 TS well & 4l A BFal 73 3}810T)

Overlay media7} && A& geldt 5 plateZ thA] 37C, 5%
CO, incubatorel] o] 24 A7+ vl kst dnd 22 53
CPE7} 80% ©]7) =™ M EE 4% formaldehyde® 30 ¥
o]’ 24 3IA T} OverlayES A A3 1% crystal violet &<
(DAEJUNG, Siheung, Korea)o. 2 @A & ZFF2 A3l
2ol xS

Z2+3 4°= Imagel 64-bit Java 8 (National Institutes of
Health Bethesda, MD, USA)Z A& 4519t} 2t A8 4
3] whEeil o S dtixt (A eyt vlalste] nlol]s
A7kE ARFsISiTE S71E the 2102 AESIIAL PFU (plaque
forming unit)/mé 2] FFS 7 W3St} A3

=3

Infectivity titer (PFU)= [Plaque number x Dilution factor}

Virus volume (ml)

6. FCV HiO|2{~ 2 vigi=

FCVE] ghfolg 2 A2 50% tissue culture infectious dose
(TCIDsp)E =74 3l= end-point dilution assay= 37} T}. 2+
A 5 5 dAloll CPEE &3}, 50% o7 CPEZF WP well
9] A T@AE 71F 2 E Reed-Muench methodES 2 -85
TCIDs, %52 AF&3159Th (Hierholzer and Killington, 1996). 3]
5 A= logyp TCIDsyme 2 FA| 8k

SM-DW ¥ SM-E®] aute|g| 2 &4 %7187 913 time-
of-addition 222 2|-8-s5te] 4| 7}A] 2g] o= o] 3
Y3kt (Fig. 1).

2] 29 (pre-treatment)ol| A= Blo|# 28 Al ol HES}
7] Aol FE=3 RRSAIA dutele]s B3 BRI FCV
stock Yool SM-DW (5.44, 2.72, 1.09mg/ml) %= SM-E
(0.174, 0.087, 0.022 mg/me)S 713l 4CollA 24 A7) Fot 1t
AR F 10 v A% 3143k CRFK Al 3ol HEstar 37C,
5% CO » 271004 5 LU7F st

S5t stjoleis 2

O O
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| Time-of-addition |

Mix virus stock TCIDso
& sample Seed CriK cell Mixture treatment measurement
| | | 0oy |
(1) Pre-treatment | | | |
| | I 1
Viral inoculation & TCIDso
Seed CriK cell Sample treatment measurement
(2) Co-treatment I I I
TCIDso
Seed CriK cell Viralinoculation ~ Sample treatment measurement
| | | |

(3) Post-treatment | ]

Fig. 1. Schematic representation of the time-of-addition assay to evaluate antiviral activig' of S. miltiorrhiza extracts against feline

calicivirus (FCV). To investigate the antiviral activity of the water extract (SM-DW) an

ethanol extract (SM-E) of S. miltiorrhiza, a

time-of-addition assay was performed using Crandell-Rees feline kidney (CRFK) cells and feline calicivirus (FCV). The assa
consisted of three treatment conditions: (1) Pre-treatment, where the virus and extract were pre-incubated prior to CRFK cell
seeding and infection; (2) Co-treatment, where the extract and virus were simultaneously applied to pre-seeded CRFK cells; and
(3) Post-infection treatment, where the extract was administered after viral infection had occurred. After 5 days of incubation,
antiviral efficacy was determined using the 50% tissue culture infectious dose (TCIDsn) method based on end-point dilution
assay. Viral titers were calculated and expressed as TCIDsy/md in logarithmic scale, and compared across treatment groups to
evaluate inhibitory effects of the extracts at different stages of the viral life cycle.

A A7l 24 (co-treatment)®] 73 FEE 3} nlo]HAS
FAOl M Xzste] Futoly 2 S 7ttt SM-
DW ¥ SM-EE 77} F-54 wx9] 3 W (A8 2d+ 5
Y & We)E 848laL FCV 8|43} 74 CRFK Ao}
A 2t wellell A1l HE3te] 5 A7F wieFardt.

7 & Al 29 (post-treatmenty> FCV 7Y ©]% &5
< AYshe Woz dutolgx 35 #A45HTh CRFK
A3l FCVE %% ¥ phosphate buffered saline (PBS)Z A%
gk 7, SM-DW E= SM-E°] 149 (2] i} e &=
HeE H2lstar 5 A7k st

Zhafge] FEH T, 7F Agte] vlole) 2 A7HE 451
A 5 oA 35ttt Bl sk

7. S
BE AR 43 W S, 7 28 A9 e 33
24 A + XE W

4

J 7S } (mean * standard
deviation)= FE AT}, 7} A el thzt 7He] Btike]
2] Student’s t-test (p < 0.05)Z A3 o A A&
SAS Enterprise Guide 9.4 (Statistical analysis system, 2009,
Cary, NC, USA)S AR

o
ol

23 ¥ DE

1. SM-DW ¥ SM-EQ| £2M X|2M M2 g2t EM
SM-DW¢2} SM-Edl| &9 =84 ¥ !

tanshinone A€ & 14 F°| i3] HPLCZ =2 A& ¥ s}
Aok dde FE= 1mgF T (w/mg EX)S = 7181908
W, dwe] EEsiets 548 el 8 N8R
3Tt (Fig. 2).

FF &2 SM-DW7} 38.17%, SM-E7} 17.88%=, SM-DW
of|A] <F 2w} oF EQUTE ol Eo At FAo= <l 8
73 AERET ohlg v R 5 84 LA sigtee] 85
o] golatr] T o2 A H T

T84 A SIFE T caffeic acide SM-DWeIlA 041 +
0.03 pg/mg-EXZ SM-E (0.05 + 0.01 pg/mg-EX) thH] <F 9 vl &=
Rk}, Danshensu (DS)y= 7 5= 7+o] <]k 2lo]7} QIS
1} SM-Eol|A] &7t =2 73S B9t} (Table 2). Salvianolic
acid A, B, C= SM-Eo|A] Z}z} oF 12 1), 23 0], 7 0] ] &2
TS Bolom, ol 7] &l & 2ol T Al &
2ol FHAS AAFeith

A]-8-"d tanshinone A|€ <] 79, tanshinone ITA= SM-DW¢|
A1 0.08 £ 0.01 pg/mg-EXell £33 01} SM-ES|A = 2845 +
0.13 pg/mg-EXZ SM-DW K.t} 356 vl &2 3H-S Jeplict
(Table 3). Dihydrotanshinone I (DHTS), cryptotanshinone (CT),
tanshinone I (Tan 1) §A] SM-EollA] SM-DWel| tisk 242} 67
Hl, 26 ¥ll, 28 ¥l U] &2 ko2 AEET

FEEY FEE IEE i EL VT 1 g FEHeE 3
AR A3t oM E AT A o] BREJoH 3R HAA),
SM-E+ salvianolic acid B (7,745.45 + 940.57 1g/g:'DW)<=
SM-DW (742.37 + 80.18 1g/g-DW) the] <F 10 vi o] =94t}

o
=
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Fig. 2. HPLC chromatogram of 14 pharmaceutical constituents in water (SM-DW) and 95% ethanol containing 5% acetic acid
extract (SM-E) of S. miltiorrhiza. (A); standard mixture (10 ug/md, 1; danshensu (DS, R*=0.9992, y=7098.2x-27993), 2;
protocatechuic acid (PA, R*=0.9971, y=70367x-358923), 3; protocatechuic aldehyde (PCA, R*=0.9999, y=34167x-55650),
4; vanillic acid (VA, R*=0.9995, y=14155x+7365), 5; caffeic acid (CA, R?=0.9994, y=32719x-320132), 6; rosmarinic acid
(RA, R*=0.9927, y=7842.1x-76762), 7; lithospermic acid (LA, R*=0.9949, y=12680x-179771), 8; salvianolic acid B (Sal B,
R?=0.9936, y=29340x-157971), 9; salvianolic acid A (Sal A, R*=0.9965, y=24927x-494795), 10; salvianolic acid C (Sal C,
R?=0.9939, y=10218x-154256), 11; dihydrotanshinone | (DHTS, R?=0.9982, y=60408x-418237), 12; cryptotanshinone (CT,

R?=0.9927,

y=24681x-129808), 13; tanshinone | (Tan I, R?=0.9958,

y=7161.7x-816.83), 14; tanshinone IIA (Tan lIA,

R?=0.9978, y=52462x-5120.3), (B); water extract (SM-DW) of S. miltiorrhiza. (C); 95% ethanol containing 5% acetic acid
extract (SM-E) of S. miltiorrhiza. All extract was treated ultrasound (120V, 60Hz) for 30 minutes in each solvent, filtered, and

lyophilized.

SM-EcllA] -84 A% SM-DW thH] DHTSE 29 Hl, CT<]
7% 12 ¥, Tan = 13 ¥}, Tan IIA®] 73-9- 156 vl oo 2 =
ATF A= FAA).
AEA 0w i 2ol 22 87 A8l BF-
FEWol AR, o2t
< Agaien] f2sht, 750l Azt
o] & HHA HEH=
danshensu$} lithospermic acidZ -3}
(Gong et al., 2017)3} tanshinone Al ¥
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=
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Table 2. Hydrophilic phenolic acids contents of water (SM-DW) and 95% ethanol containing 5% acetic acid extract (SM-E) in S.
miltiorrhiza.

Content («g/mg + EX)

Extracts Salvianolic acid

Ds? PAY PCA” VAY A RA? LAY Total
A B C

S\')AV}) 0.21+£0.03 0.00+0.00 0.02+0.00 0.00+0.00 0.41+0.03 0.01x£0.01 0.54+0.13 0.05+0.01 3.89+047 0.07+0.02 5.20+0.70

SM-E? 0.27+0.05 0.00+0.00 0.01+0.00 0.00+0.00 0.05+0.01 21.43+4.36 1.84+035 0.60+0.13 90.03+4.21 0.49+0.13 114.72+9.24

t-test ns ns *% ns *% * *k * Kk * *%

YSM-DW; water extract of S. miltiorrhiza, ?SM-E; 95% ethanol containing 5% acetic acid extract of S. miltiorrhiza. All extract was treated

ultrasound (120 V, 60 Hz) for 30 minutes in each solvent, filtered, and lyophilized. ?DS; danshensu, PA; protocatechuic acid, *PCA;
protocatechuic aldehyde, ®VA; vanillic acid, ”CA; caffeic acid, ¥RA; rosmarinic acid, ?LA; lithospermic acid. Values are the mean + standard

deviation of triplicate analyses. Significantly different according to Student’s t-test (p < 0.05 and “p <0.01). ™; not significantly different.

Table 3. Hydrophobic diterpenoid quinone of water (SM-DW) and 95% ethanol containing 5% acetic acid extract (SM-E) in S.

miltiorrhiza.
Content (ug/mg-EX)
Extracts ;
DHTS?” cT? Tan1? TanTIA” Total
SM-DW" 0.08+0.01 0.61+0.07 0.45+0.07 0.08+0.01 1.23+0.16
SM-E? 5.37+0.57 15.98+2.05 12.74+1.56 28.45+7.74 62.55+11.93
t-test *k *% * % * %

DSM-DW; water extract of S. miltiorrhiza, ?SM-E; 95% ethanol containing 5% acetic acid extract of S. miltiorrhiza. All extract was treated

ultrasound (120 V, 60 Hz) for 30 minutes in each solvent, filtered, and lyophilized. ?DHTS; dihydrotanshinone I, “CT; cryptotanshinone, *Tan |;
tanshinone 1, ®Tan IIA; tanshinone IlA. Values are the mean = standard deviation of triplicate analyses. Significantly different according to

Student’s t-test (p < 0.05 and “p < 0.01). ™; not significantly different.

= Aol o (Gallo ef al., 2010), S FF Ao < ol9lo e FEAERNH HAES F&H O FE57] 9
3l 7FEe] B R3RA| kol Foll Tl -8 Adie] dEslE W StHhHo g 299 BF FEW (ultrasound-assisted extraction)
A 4= Ath= Aol (Pan et al., 2002), 712 35 FEH Wt olyg} YA FF (supercritical fluid extraction,
S v feleh 2o = HrhEoh B3k A5 e Wang et al, 2008), AHEAIA] B FF (surfactant-assisted
FEHE el 7o) 49, 284 AR & 89| extraction, Bi ef al., 2010), &8 WA FZ (pressurized-liquid
SFsle] AR = de] Ee-E T Q) extraction, Jiang et al., 2010), °]*d WA 7|9k 2} = (ionic

A) (B)

120+ 120-
< 1007 100
< S
2 807 > 80
3 604 3 6o
S i S
= 40 Z 40
2 °
o
20 © 20+
0- 0
DS PO D >
SPLAS P, D O L WP AV S &
°‘x-€\° RO S A Oé:g\°
o >
SM - DW concentration (mg/mé) SM - E concentration (mg/m¢)

Fig. 3. CRFK cell cytotoxicity of water (SM-DW) and 95% ethanol containing 5% acetic acid extract (SM-E) of S. miltiorrhiza was
assessed by the WST-1 assay. (A); SM-DW, (B); SM-E. The maximum non-cytotoxic concentration (MNCC) were 5.44 mg/mQ
and 0.174 mg/md for SM-DW and SM-E, respectively. This experiment was performed as quadruplicates.

193



be2d

liquid-based ultrahigh pressure extraction, Liu et al., 2013) 5°]
HIEA ) O™, tanshinone AlE AJi-2] F=ol o ol F
2 e Agsle] HOAI £a2 NS U 288 5 9
2 oz AzkEy,

wrebA] 2 Atol| A A A EE 5% acetic acid

ethanol 7|¥He] 2530 HE F52 £84 dlEA 2 X84
tanshinone A€ 9] A& &g BFo) &l =& = 383 1}

Efj= W o2 wriem, 53] oy E4do] FsiA U
Ebt SM-E®] 7%, 223F9] tanshinone ITA7} 8 A5
o2 ZA83 VS Sl F83 A9= vhdEth

< sz
2. SM-DW ¥ SM-EQ| MIEZ =M &}

CRFK MEZE o]g3ll SM-DWe} SM-E2] Al =4S H7}
312, MNCCE AF431itt (Fig. 3). SM-DW=} SM-E= CRFK
Alazel] tis) M= thE Al 5438 YERISIS™ SM-E= 0.217
mg/ml o] W] 2 Lo Fo A A PEEo] 81.9%F 7HAa)
o] ZAJo] VEREO L SM-DWE 10.88 mg/ml ] o] Atell A Al
F AEE] Yol AF o g A E BAo] e FEER 3
A= AT

4 dE2FeE AMEE iR @5 A2l (DMEM)S Al
AEE TS T4 FAdth SM-DW] 75 544 mg/ml
(101.2% A &8, SM-EJlA] 0.174 mg/ml (96.1%, A E A
EE)lA Al2ze] F2d ) Sl w J3e 4] 2ol MNCC
£ ARSI ol &n SAF AR T Aol wE =4
2ol & HkdshH, o] % A3 7 MNCCE 71502 3313

t} (Fig. 3).

3. SM-DW %! SM-EQ] plaque reduction assay 7|8t FCV &t
Hlolzi~ & =it

FCVE o2 SM-DW % SM-EE H ¥54 ¥ (SM-
DW 544 mg/ml, SM-E 0.174 mg/md)Z A3} plaque
reduction assayE 53l ulo]eil 2 FHFH o= FA%H
A= AR (Fig. 4A).

SM-DW A 2]+& 102 3]4] ZH oA plaque 571 vl o
Zt M) 99.784% 748l o, vlolg 2 o7k B 22
3 SAET (DW)S] 7.5638 + 0.1077 log PFU/MLS] H|3}o]
4.9256 + 0.0667 log PFU/ML 2 <F 2.64 log ZF4&tATH (Fig.
4B).

SM-E A &]9] 7%, 107 84 2704 98.699%2] &nlo]
HE A &S JEPAA S ™, 5% acetic acidS E 33 95%
ethanol A2] Tz (E)e] vlelal 9717} 7.2764 + 0.1585 log
PFU/MmL 18] wh&te] SM-E A2 54102 + 0.0247 log
PFU/ML 2, °F 1.89 log 7+4~3}3T} (Fig. 4B).

T FEE BT FCVel tial] frolgh gutolel s 2438 Vet
WAINE, SM-E= SM-DWell H]3)| oF 30 v} W2 sLolA T

- R
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(B) Dilution factor: 10

(C) Dilution factor: 10
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DW SM-DW E  SM-E
(Control) (Control)
Fig. 4. Antiviral activity of water (SM-DW) and 95% ethanol

containing 5% acetic acid extract (SM-E) of S. miltiorrhiza
against feline calicivirus (FCV) by plaque reduction
assay. FCV was infected into Crandall-Reese feline kidney
cells and incubated in the presence or absence of water
(SM-DW) and 95% ethanol containing 5% acetic acid
extract (SM-E) of S. miltiorrhiza. Antiviral activity was
expressed as a comparative photographs to inhibit virus-
induced plaque, compared with control as extraction
solvents (A). Titer of surviving FCV (log PFU/mQ) to SM-DW
compared with control (DW) as extraction solvents (B).
Titer of surviving FCV (log PFU/m) to SM-E compared with
control (E) as extraction solvents. This experiment was
performed as quadruplicates.  Significantly ~ different

*

according to Student’s t-test ("p < 0.01).
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4. SM-DW 2 SM-E9]| time-of-addition 2 7|8t SHj0|2{~
2 dlw

Wt FEE9] Futely 2 28 AEE WS ekt
time-of-addition assayS 53l pre-treatment, co-treatment, post-
treatment®] 3 71X ZAEE FCVel 3t oA a4= v)ws}
ATt (Fig. 5).

SM-DWZ- pre-treatment 7122 2|3k -, A% (5.44
mg/ml)e] vlo]el 2 7= 6.81 + 0.58 log TCIDsymlZE 1A 2]
ThE (7.89 + 0.16 log TCIDsy/ml) ThE] 1.08 log®] -F-2jm] 3t
Hlo]# & 97t 74t FEE Y o SM-DW7T vlo]# Ae}e
2 JE5S 3l CRFK AlE29] 27] F3& 2Pt A7z
AP 27 35 (2.72 mg/ml) 2 AEE (1.09 mg/ml)o A=
721 + 0.73 log TCIDsym{, 7.35 £ 0.82 log TCIDsy/ml 2 thz
o iE] 7 A Ee] Ao, s EeA ) 2 FElg oA
TI= YEREA] e80T (Fig. 5A, p < 0.05).

o= SM-DW7} 54 5% o]}o 2 #&3hk= 749 SM-DW
of Z3E 84 Aol vlelH s Akt A A-gste] 27]
AAE FEHOE AT F U AARRITAL sz

SM-DWE co-treatment 27102 2| gt 739, T7F §% 9]
2 (272, 5.44 mgml)o) A vlolE 2 G 7bE 411 + 0.89 log
TCIDsy/ml2} 3.74 + 0.75 log TCIDsym{S e} T2 (7.89
+ 0.16 log TCIDsy/ml) thH] Z}7}F 3.78 & 4.15 log 7H4~E YL
Wol f2oludt nlolg| 2 oA a7} gHelw whdE, 1.09 mg/ml
o ATEE A& A, vtolelE 97h= 7.18 + 0.68 log

£

-’
©
1
H—
— &
o
8
jo
o
o

Titer of surviving FCV
(Logqo TCID5e/mL)
o

c T T T L T T
Q O AV > O AV > O AV >
8 RO IR IO AR

Pretreatment

Cotreatment Postinfection

SM-DW concentration (mg/mL)

TCIDsymé 2 VER} tiZ27t3} Zpo]& HIAT, F7F Fie o]
& (272, 5.44 mg/mb)y| A ER1E o] Fufoly 2 98
ERHA] Fatlom BA1A frelds Wektt (Fig. 5A, p < 0.05).
o= SM-DW7} Hole] o] Al 1Y B 7] 52 Aol &
HH o7 Agap] eiME 54 = 272 mgml) o3| F
T7} sojok g5 efmjgitial & 4= Qlth.

SM-DWZ- post-infection 2722 2|8k 73-9-, vjo]e]2 &
7} 1.09 mg/ml 2] 504 7.38 + 0.32 log TCIDsy/md, 2.72
mg/ml 2] FEolA 7.22 + 0.28 log TCIDsy/ml, 5.44 mg/ml 2] &
T E 6.99 + 0.33 log TCIDsy/m¢ = e zHz; thxt
(7.89 £ 0.16 log TCIDsy/m{) THE] 0.51, 0.67 2 0.90 log®] &
O sl AEol Ao, A F-2 AlgH o]l (Fig.
5A, p < 0.05). BE FEONME v|wE vke o] oA a3
wto] #AE ] oH, o] SM-DW/F 7 o] % Ba W& o
of thalix= AleHAQ1 JAIS-S 28 52 YRt st

Bellamy (1995)] 71529l k2™ log TCIDs 340 4 log o1
gk 734 ol gt lokal 7= =], SM-DW=
co-treatment 2704 G 71 2= 7P frelnl gk ¢
A 35 B2 pre-treatment 3 post-treatment]| A= F%
o] Zgo] IO HiF o= vt Wt wet
] SM-DW+= T2 Hlo]a]2=9] M2 Z1¢] TAlA a}x o=
2hg-ah, nfole] o] SFMEZ ] 27] A Aptout 7
T oA a5 Aoz e Aoz g

SM-EZ pre-treatment =71 2.2 X2]3F A Z} %= (0.022,
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Fig. 5. Anti-feline calicivirus (FCV) activity water extract (SM-DW) and ethanol (SM-E) extracts of S. miltiorrhiza in Crandell-Reese
feline kidney (CRFK) according to time-of-addition model (pretreatment, cotreatment and postinfection treatment). (A)
Time-of-addition experiment results for the water extract (SM-DW) of S. miltiorrhiza. (B) Time-of-addition experiment results for
the ethanol extract containing 5% acetic acid (SM-E) of S. miltiorrhiza. Three concentrations (MNTC and two lower
concentrations) of each extract were used. Pretreatment; Feline calicivirus (FCV) with natural extracts on virus titer. FCV was
pretreated with non-diluted extracts for 24 h at 4°C. Cotreatment; three concentrations of each extract were used for treating

CRFK' simultaneously with viral for treating CRFK simultaneousl

with viral infection. Postinfection treatment; three

concentrations each extract were used for treating CRFK 2 h after viral infection. Data are the average of tri[alicate experiments.
t

Error bars represent standard deviations. MNTC; maximum nontoxic concentration. TCIDsp; 50% tissue cu

ure infectious dose

of the virus. Data are Eresented as the mean = standard deviation (n = 5). Means with different letters in the same column are

significantly different

y Duncan’s multiple range test (DMRT, ‘p < 0.05).



=H42d
o=

(G
0.087, 0.174 mgml)ol| A} Hlol# 2 G7F= 552 + 0.19 log
TCIDsyml, 428 + 0.15 log TCIDsyml, 2.84 + 0.18 log
TCIDsymé & e o] T3 (7.92 + 0.12 log TCIDsy/mb) T
8] Z}z} 2.40 log, 3.64 log, 5.08 log?] 202 7+4dle] FCV
of gk frefnlgh oA aaprt #EERon, 53] (0.174
mg/me)ol A= 7 73 gt wholel s 97 24t R Ak
(Fig. 5B, p < 0.05). ©|= SM-Edl| £3td F7 A&,
tanshinone 1IA 5 #|-84 diterpenoid #3%&-¢] Hlo|
= WA= Tl e A3 2Rg-sle] SFAE F
M-S AlAFEITE
SM-EZ co-treatment 7122 2|3t 749 BE = (0.022,
0.087, 0.174 mg/ml)ol| A wlo]# 2 7t= 433 = 0.86 log
TCIDsyml, 3.56 + 043 log TCIDsy/ml, 2.14 + 0.88 log
TCIDsymé & e o] tZ (7.92 + 0.12 log TCIDsy/mb) T
] Z}2} 3.59 log, 4.36 log, 5.78 log®] 2.2 7+4dle] FCV
vlolg) 2ol thgh -7k ufole] i Edo] FEE AL, pre-
treatmente} V] w3le] ¥ =2 59| 94 235 YedT
(Fig. 5B, p < 0.05). ©]&= SM-E7} ulo]g]=8] Al AY 2 %
7] BA) el B3 At a31E @8] d = 98-S HojFr)
SM-EZ post-infection A2 2|3+ 745 Ath&2l A&
Lo} F7F F5E (0.022, 0.087 mg/mb)ol| A vlolE 2 o717} 7zt
6.78 £ 0.74 log TCIDsy/ml 9+ 6.98 + 0.57 log TCIDsy/ml & TH
Z3(7.92 + 0.12 log TCIDsy/md) thH] f-&Jm] &t vlo]z] 2 o
Al 237 ERlE e, 53] (0.174 mg/me)l| 4] Bfo]
2 97HE 325 + 031 log TCIDsy/md 2 thET (7.92 + 0.12
log TCIDsy/ml) TtHH] 3.59 log 722 UERfo] 73 F313k o
7} 727t HEE AT (Fig. 5B, p < 0.05). °l= SM-E7F 74
o]Fo = nlo|F 2 Ba| T AE 9 WE WS I F
AR = Aow A EkdiE FEs PhfolH s &
I vepd 4 132 oJu|git). 3 SM-E= FCVel 244 o
A Z¥zte] 2h8- Aol fFefnigh 95 veRl= 39
gk ol s 2Hg A EYS UERthy & 5 it
T 0 2 SM-Ex BE 2] 2704 T & A
Belom E3] pre-treatment 2 co-treatment THA| Y| A]
FaatolE 2 S-S JERITE B, T Foll= 58
o] dellME ol 2 BA| T A 9] WE WA oA
S & & AT o e &= SM-Eol| gid I
el fa AEE 71UEE Aos ddyn AR 24 4
oA glE ule} o], SM-Eol| A5 == 3% tanshinone
IIA 5 A843 diterpenoid A3-2] 2-gl 7]R18H A3}= A=t
B Ao SM-DW SM-E= FCVE tho 2 bkt in
vitro gAto]E] 2 7ol A folgh oA 84S UERT) 53]
SM-E& W FmoA = Hold gujolz) 2 S BN, v}
ol 28] A B2 35T, EA| § thFet @AlolA vloj] X

T, |,
42 ARHOZ AT & 9SS HASA = SME

IFEE

53

L
o
2

IFE

N

¢

W
o

1k ol ol fol
i

Bt

o o

o)
AAE

- o

196

.2
=

Bz - el

o

- oIHCH

[= =)

3. =1

Frfolels Bh= @l f8 Ao Zhgo] ofd 484 ¢
874 sgrE o] o Agol 7Iklske AoR HdSHT, 53]
SM-E2| 2 A|-84 AlE-<l tanshinone Al¥ 3}gHE2] dhfo]
olg|gh gutolz L g3te] 4 ATE P& Zo= AkHET)
olgj3k Fulolelx T 71Ee] BRED F Fgu e,
S So] Gk of]Alld 2 (clove essential oil)°] FCV2] Al|3E
9AIE A3 stl= 23 (Elizaquivel ef al., 2013)9} TS
proleizs 0] LA Zgo] wlole 2 o) e 3
14 3 ZZ A5+ (Gabbianelli ef al., 2023)= & A
7 A7) FAel T3 2AE ATk 53] propolis ek
terpenoid A3+ E°] I7F =2Hlo|g 2 GIl4 B F] =2Hlole]
2 (MNV-1)9] A2 H2 51 J5E GAE Algthes B
(Liao ef al., 2021)= SM-E¢] &jolel s 7143} G413 24-&
ZARE AA AL s

SM-E¢] 8 AgA4 A%< tanshinone Al¥ 3}5-E-2 p38
mitogen-activated protein kinase (MAPK), extracellular signal-
regulated kinase (ERK), c-Jun N-terminal kinase (JNK), nuclear
factor kappa B (NF-kB) 5 Thst 95 2 A & AlX 4
Y AR YIS vAE AeE BT

Jang 5 (2006)2 tanshinone ITA7} RAW 264.7 TH2] 4] of| A
LPS %= nuclear factor of kappa light polypeptide gene enhancer
in B-cells inhibitor alpha (IkBo) %312} NF-xB 2432 27|
3, MAPK 72 (p38, ERK1/2, INK)9] oA 285 ghels}
k.

FCVe| S5A| 25 7912 Al p38 =7} whel 2] {212t
o] AP 2 Als BAIE X813, cyclooxygenase-2 (COX-
2)/prostaglandin E-2 (PGE-2) A2E &3}l W oA 9 A
E APES F=3t= B3 (Chander ef al., 2021; Natoni e al.,
2006)°1 thale] Akaberi 5 (2016)2 4] tanshinone =45
] p38 MAPKE HIESH F8 95 Als H2E a3¥ o= o
Aoy g B nlolg i 71HE FHE F USS Ax
At} o] 2 n|FolE w, SM-Ex 353} tanshinone Al¥ 3}
=2l ol 711t nlolE X F2F )] g3t} T Al
U EA 2 AT oA 282 9 TS 7FsAdo] =t

Su 5 (2022y2 FCVe} HAFSH ]3] & ZHA] 942 RNA H}o]
#2221 Enterovirus D68 (EV68)ll U3l tanshinone 11A7} ataxia
telangiectasia mutated (ATM) A S G FZE AHFo =M
DNA &% RE3-5 oAllalar, upolg]s &4 5l chld s

Asfsitt= A= AA AT} sl A9 A tanshinone TA
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= phosphorylated histone H2A variant X (y-H2AX) % viral
protein 1 (VP1) && Z+24, vho] 2] RNA 7 76% 4,

TCIDsy %% 22.6 vl A&t 9] Aae 2 Ayoa &
2 SM-E®] post-treatment =710l 4 9] -3+ oA g349}
SM-E°ll ¥3% tanshinone AlY 3}3E-2] si412 o
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FCWOI| CHEt el

Bgh, SM-E°l| $ EAsl= 784 phenolic AlE 313HE <
Al el B BHAo g 7|od 5= e 7S 7HA
3 9t} Salvianolic acid A9t BE MAPK, NF-kB, Janus
kinase/signal transducer and activator of transcription (JAK/
STAT), toll-like receptor 4 (TLR4) & T}t A2 E T3l 95
’d APl ETIRI S AASkL 4tks) whe-5 frieste] Al
2 Basks Zeg dHA o (Qian ef al, 2019; Wei et
al., 2023), &
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