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Purpose: This study was aimed at investigating the anti-inflammatory and
antioxidant properties of Salvia microphylla (SM) extract (SME). Methods: Powdered

52725, Korea SM was treated with ethanol and decocted to acquire SME. The antioxidant activities
Tel.: +82 55 772 3228 of SME were assessed by evaluating its total polyphenolic, and flavonoid , contents
Fax: +82 55 772 3771 and performing 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) and 2,2-azino-bis(3-
Email: inhochoi@gnu.ac.kr ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assays. The anti-

inflammatory activities of SME were verified by examining the inhibition of nitric
oxide (NO) production, and inducible nitric oxide synthase (iNOS) expression in
lipopolysaccharide (LPS) activated RAW 264.7 macrophages. Results: The total
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Received July 31, 2023 polyphenol and flavonoid contents in SME were 102.26+0.39 mg GAE/g and
Revised August 29, 2023 377.42+0.77 mg QUE/g, respectively. The DPPH and ABTS assays revealed the
Accepted September 04, 2023 antioxidant activities of SME by exhibiting their ability to scavenge radicals in a
Published September 30, 2023 concentration-dependent manner (50-1000 ug/mL). The cell viability of SME

exceeded 99% at 50-1000 pg/mL. The concentration-dependent reduction in the
expression of the inflammation mediator iNOS and subsequent NO production
indicated an approximately 100% inhibition efficacy at 600 yg/mL (0.00+1.34%).
These results confirmed the potential of SME as a component of cosmeceuticals.
Conclusion: Based on the findings of this study, SME is explicitly acknowledged
for its applicability as a natural preservative possessing antioxidant and anti-
inflammatory activities as well as a raw material for cosmeceuticals intended to
alleviate skin irritation.
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S A = e g} Asne] vske s g AR 22 o] 71H 02 AR &4 38k vho|thlee &
o] F7lskaL AETH, ﬁ}“—“} Frall 87 5ol W3] &= o] A Kim, 2018; Shim, 2018; Kim et al., 2022). @Z4r-So]| Toish=
o] W9 24 715 oo g, olE] 59 454 WEEE  AE<I macrophage, monocyte, BITHAE 5-& S 4kAF (reactive
o] S7F8kaL ATHKim et al., 2022). 25t 02 FJH FFAIA oxygen species, ROS)Z B4 A A% (reactive nitrogen species),
27|17 ARgol| whE BHRL Al o] R WA HALYS 283t prostagrandin E2 (PGE2), €54 cytokine 59| €% ul/HAES
FE Y =2 FAo] JPHT glom, EIF S-S 7 A EH]gltHLee & Kim, 2018), MZ9] nitric oxide synthase (NOS)
AEAES deildt SEEolE 52 RSt glom, o]& ® ol neuronal NOS (nNOS), endothelial NOS (eNOS), inducible
o] T3 Sl AHLAEE FHold FF a3y} Hud Z2iaE NOS (iNOS)o] glen o]3 iNOS7} g=utgo 22 Fojsin,
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Antioxidant and Anti-inflammatory Activities of Salvia microphylla Extract

AEHHE-S £2AZItHJung & Cho, 2011: Kim et al., 2022). w
kA NO2J Aoy PGE2, ROS, 934 cytokine 52] 2& A
= 834 A% AR ool a3 9T grhLee & Kim, 2018:
Shim, 2018).

Salvia microphylla’= BA| 27} QAR ¢l EEIHLamiaceae)
Salviago] &31= AEolm "Hotlip sage' 1% ETHFair et
al., 2012). Salvia microphylla = A2 072 B2 HAjQ} 7+
g BAE A=mstal EUF A& AMgEoIgtHJenks & Kim,
2013; Pérez—Nicolas et al,, 2018), §-2137} Aof AMEE o
(Jenks & Kim, 2013), FAFHCha et al., 2009), BFUA(Mathew
& Thoppil, 2012) FEtE|Eje}, gjajolA] AAA|, Felztdz AA|
A (Villa—Ruano et al,, 2013), A% a1 Zavala—Sanchez et al.,
2013; Romo—Asuncion et al., 2016) Sl 37} ckx H1 =
th, Z2uk SMES] tigk RAW 264.7 cell®] E5 3to]] Td A+
7} g AAolot, maba & Atelils LPSel| &3l A=o] 414
% RAW 264.7 cellol] SME®] 3H4tst et 3 a7ts Eelsto]
71678 IFFE 2AEA 9 28 7S FIskaLA} sk,

Methods

1. FEE M=
A

ES

2 Aol BAE sl AME S microphyllaw 7/4'd= A%
T 7k Ak ESYAE SRA JFEA 2EES
S, microphylla 398 20 g3} 50% gH& 400 mL2& S0 2 42l
A 797t BR8] FEHH0H, FEE2 IR (Whatman No, 2:
GE Healthcare, UK)}E AR8-5te] 23] oj#star, 244} loflA] Rotary
Evaporator (Eva—5; DAIHAN Scientific, Korea)2 5-%3}11, 84
EAAT = 2 Aol A 7R B st

=2

2. M= HHY

B g0l AMEE theA gAME AE RAW 264.7 cell (murine
macrophage cell line) & American Type Culture Collection
(ATCC, USA)ollA] &< 1ot ARSIt RAW 264.7 celli= 10%
fetal bovine serum (FBS; Gibco BRL, USA)?} 1% penicillin/
streptomycin (Gibco BRL)Z ¥ Dulbecco's Modified Essential
Medium (DMEM; HyClone, Cytiva, USA)olA wjoslct MZE=
37°C, 5% CO, A|3Zaf 7oAl vl st siTt,

Eo|u= g 53

Z2)vls g3 Folin—Ciocalteu H'H& Y7 HFsto] 24
St tHAinsworth & Gillespie, 2007). % polyphenolS &43}7|
13} gallic acid (Daejung chemicals & metals Co., LTD,, Korea)
£ 5=H(0-800 pg/mL)=E 3]Aste] AME3H3ITE, SME E= gallic
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acid 50 UL&} 50% Folin—Ciocalteu reagent (Sigma—Aldrich, USA)
50 ULE £% & 3 min ¥RESFITH I F 2% NayCO; 1 mLa}F E7
% 30 min ¥FA]7]3L, 700 nmol|A] microplate reader (Molecular
Devices, USA)E ©l-85to] F8=5 S4st%ith F polyphenol ¥
o AT FAo) 3t gallic acid®] FE2ZA17} v W3] mg
GAE/gZ #@stgit,

ZtH o= T2 gluminum chloride colorimetric ¥

X =
15 g 3te] B3} THZhishen et al., 1999), & flavonoidS
317

I o

3|X3le] AREEIATE SME E+= quercetin 25 pl, 54> 125 ulL,
5% NaNO; 10 pLZ £ % 5 min ¥-331{h. 9H& $ 10% AlCl
15 WLE AH7F8t 6 min ¥RSAIFTE 1% 1 M NaOH 50 uL.g 3
7¥8t &, 510 nmOjlA] microplate readerE o]-&3le] THEE &4
gt % flavonoid T2 AR F2E FA O te querceting] #

S5} Bl st mg QUE/g2 FABHT,

5. DPPH radical £7{s £3&

Asks £4S ¢Jste] 2,2—-diphenyl—1—picrylhydrazyl
(DPPH; Alfa Aesar, USA) radicale 4+ WHEslo] A5} cH
(Blois, 1958). 0.2 mM¢] DPPH-E% 60 pLe]l =% (50—1000 pg/
mL)Z 343 A& 120 ULE 96 well plateo]] AZJ3FATE, LAlofA
15 min ¥F$-A|7] 3 microplate readerE ©]-8-5}¢] 517 nmoA &
B=E 815

6. ABTS radical 2715 &%

ABTS radical 24 &AL potassium persulfate2}] B-2-
o] &Jaf) A== ABTS free radicalo] AISHA 23] 24 = o] A
o] Al A& ol-8sto] EstrhRe et al., 1999). 7 mM
2,2'—azinobis(3—ethylbenzthiazoline—6—sulfonic acid (ABTS;
WAKO, Japan) A12F 100 pLefl E=H(50-1000 pg/mL)E 343
AEEE 50 uLE 96-well plated] A3ttt HAollA] 5 min ¥
S A)Z1 5 microplate reader® 734 nmol|A EZ=E S5

7. MZ M= 53

AE BZEEL MIT (3—(4,5—-Dimethyl—2—thiazolyl)—2,5—
diphenyl—2H—tetrazolium bromide) assayS E3f &<2l3}ich,
RAW 264.7 cellZ 96 well plate (3% 10° cells/well)of] £33t th2,
16-24 h F<F WAt 1 § 588 50-1000 pg/mLE A
23 ok 37, 5% CO, RZANA 24 h viFsHETt, AlZe] AEE
< 8187 $18iA well & MTT (Sigma—Aldrich) (5 mg/mL)}E 10
uL Azt 37, 5% CO, HiY7olA 30 min ¥HEAIX] & A5
AL AA3IE A formazang dimethyl sulfoxide (DMSO:

http://dx.doi.org/10.20402/ajbc.2023.0077



Sigma—Aldr"ich) 150 uLi 9|1 microplate readerg ©]-8-5ho]
540 nmejlA FF=E S7JsH3lch
8. NO M4 olxls &4

NO A A &2 301s17] Yool 24 well plateo RAW 2647
cellE 2.5%10° cells/well2 £33} 37T, 5% CO. incubator &
Zstol 24 h HiFEt & AFol ARSI, HiYAIX cell 1 pg/
mL LPS (Sigma—Aldrich)7} Z3Fs vjx2 w3t & SMES 5%
H(50-1000 pug/mL)Z #H7Iste] 24 h wjokstct, wiF & A&
S doi, AjazufoFol 02 HH|3t NO U griess reagent system
(Promega, USAYE ol-8sto] Z4at3ltt, A% NO %2 sodium
nitrite (NaNO,)& ©|-8-3lo] AT A/dste] vlwstgict

I)II

9. Western blot 242 St CHHEI W§ =%
3} aE 301517] Yl RAW 264.7 cell (l X 10° cells)& 100
mm HjFPA] EF35k 37°C, 5% CO, incubator 273} 24

h 59 vjeF 5 /ﬂ'%‘ﬂ‘. A|A, phosphate buffer saline (PBS)Z A

3 SMEE =92 1 h x{a}v} 5 LPS 1 ug/mL A2 F9

24 h &7} HHOJG]-‘}E\E}, Hj%F & Radioimmunoprecipitation assay

buffer (RIPA buffer: Cell signaling, USA)E o]&3}o] £3fgt &,

HAE2]7](Centrifuge 5430R; Eppendorf, Germany)S ©]-&3}

o] YAEZ(10,000Xg, 10 min)E TS Baslgon, BCA

protein assay kit (iNtron Biotechnology, Inc,, Korea)Z Th &

73T, 12% polyacrylamide SDS gelollAl 719F & %, |

olyvinylidene fluoride (PVDF; Sigma—Aldrich) membrane® 2 o]

ZA|AH PVDF membrane< blocking buffer (3% skim milk; BD

Difco, USA) & 2 h blocking3}al primary antibody (CST, USA)

£ Dlocking bufferel] 3|45t} 47X overnight 3%tk PBS-T

(0.05% Tween 20 in PBS)Z washing % secondary antibody (CST,

USA)E blocking buffere]] 3]4sto] A-2oA BRGAIZTE PBS-T

2 washingd}il West Pico PLUS Chemiluminescent Substrate

(Thermo Scientific, USA)ol| ¥+ & Chemiluminescent imaging

system (Fusion Solo S, VILBER, France)2 ©]-&3}o] thizl 2-g

< =431} Image J program (National Institutes of Health,

USA)E ARg3te] At 291 Tl e & g=katict,

10. SAHIX2|
A A= mean+SDE #F7]|8¢ 21, Graphpad Prism
software (version 5.00 for Windows, USA) Z 2 13-S 0]-23} one

Salvia microphylla O|EtSFES2| gttt X atgdo]| 2kt A7t

way ANOVAZ AAJe & Tukey's test B AMESHe] 1 A7
<0.05 ol A §-943E AS3HATh

Results and Discussion

1. S. microphylla HEtSFEE2| &Hitst Su}
7t & E|Hisn E2tEL0|= B2 B}
H= 32 AEA de] EXEo] glon, tiekst fxot &

g 71 Q)E 2% JARMER A phenolic hydroxy 7| & 7FA| 1
3101 E*H“%J_ﬂr %% Z EAET Adshe Ado| glon, 3tk
Z| 71 Q)

EE}P_‘LOlEt AEo Z £/ Y %DH <ol “}Ol REo] e
o], gAksl g mak, "L, gutoles T o e AE

Uch(Park & Na, 2020). Alo|A] FE2 #H= SEl 7¥et &
AksE EA o 2 3] AME-E| 3 ith(Poulios et al., 2020).

SME?] % Z2|#|=9} Zalr o] =9 3RS 217} 102.26+0.39
mg GAE/g¥} 377.42+0.77 mg QUE/go2 1% tHTable 1).
SEEEO|EE= ROSE AASH At} A50] S<sittal Bk
ojFen, EejulE} Lol Futo|zs, FAF, T ATt Ry
o] A HKim et al., 2012).

Lt. DPPH radical A7{s ©7}
SME?®] DPPH radical &A% 243 % Z]—-‘-Oﬂ]—-(EDA) 2=

Figure 1°ﬂ Uelf9ltt, DPPHE radical & )5}
2 E} “_—] DPPH7} &
Akt E4of| 93] SUEHA i‘?’_}—'——i AE= A2 E o] g5t

AL WA @& Sk 1 54 W] Hlwd 7hdste] ol
AR 2HE A S-S BT of {851t (Huang et al., 2005),
SME+= 50—-1000 ug/mLoA =& oz 2ASYE e
Qlt}. 200 ug/mLellA]l 79.00+0.16%, 400 ug/mLolA 8591+
0.17%, 600 pg/mLolA 86,12+1.00% % 1000 pg/mLoA] 88.20
+0,39%9] £2A/3E Yetslth. Alo]A] F2l Salvia officinalis L
60% olghe: &8-S 200 ug/mLelAl 66,3+2,2%2] DPPH radical
A2A%o] RAEQHCha et al., 2009). ©etA SMES] DPPH
radical 27 50| 9<=3tctal st o= 9JQict

C}. ABTS radical 2745 H7t
ABTS radical 7162 @H4te} SHYH R ©7|7ho] S40] 7}

Table 1. Total phenolic and flavonoid contents of Salvia microphylla ethanol extract

Sample

SME 102.26+0.39

Total phenolic content (mg GAE/g)

Total flavonoid content (mg QUE/g)
377.42+0.77

SME, Salvia microphylla ethanol extract. The values are then expressed as mean+SD of three independent experiments.

http://www.e-ajbc.org
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Figure 1. DPPH radical scavenging activity of Salvia microphylla
ethanol extract.

DPPH radical scavenging assays were conducted to investigate
the antioxidant effects of SME at various concentration. The
values are then expressed as mean+SD of three independent
experiments ('p<0.05). SME, Salvia microphylla ethanol extract.
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Figure 3. Effect of Salvia microphylla ethanol extract on cell
viability of RAW 264.7 cell.

RAW 264.7 cells were treated with various concentration of SME
(50-1000 pg/mL) using MTT assay. The responses in the control
in each test are expressed as 100%. Each value expresses the
meanzSD of three independent experiments. Con, none treated
control; SME, Salvia microphylla ethanol extract.

r

Sk, Al 29| FHAISHA7} potassium persulfatedt WHE-ato] Y4
ABTS radical& AAgH= A 085t X843 =84 £2
< BF 5% 4 th(Um & Ryu, 2022).

Cha et al. (2009) FTFoA= Alo]A| &<l Salvia officinalis L
60% oeHE FEE-2 200 pg/mLollA] 97.6+0.1%2] ABTS radical
aA%50] BRIt SMES] ABTS radical 474%-2 50—-1000 pg/
mLojA FEOEH 02 LAGYE VeI 400 pg/mLoj|A]
80.87+0.54%, 600 pg/mLol|A} 94.92+0.87% 2 1000 ug/mLol
A1 99.27+0.13%2] 2AES Uetli itk (Figure 2). o]e} Zo]
SMEE: %= 9&#8 02 ABTS radical &7%0| 945tk Hetst
4= 1%k

i o
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Figure 2. ABTS radical scavenging activity of Salvia microphylla
ethanol extract.

ABTS radical scavenging assays were conducted to investigate
the antioxidant effects of SME at various concentration. The
values are then expressed as mean+SD of three independent
experiments ("p<0.05). SME, Salvia microphylla ethanol extract.
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Figure 4. Effect of Salvia microphylla ethanol extract on nitric
oxide (NO) production in RAW 264.7 cell.

RAW 264.7 cells were treated with SME and LPS (1 pg/mL).
Each value expresses the meantSD of three independent
experiments ("p<0.05). LPS, lipopolysaccharide treated control;
SME, Salvia microphylla ethanol extract.

2. M= M=g

SME7} tHAINIZ Q] RAW 264.7 cello]] H|X|= BEE-S 25|
A3te] MIT assayE ©]-€3t9tt. SMEE 50-1000 pg/mL ==
A 23te] 24 h ¥ FAZ] & g =3 Bl wstget, SMES 50 pg/mL
oA 101,03+5,12%, 200 pg/mLoAA 122.04+4.89%, 400 ug/
mLoJlA] 134,2043.88% 2 1000 pg/mLol|l A 99.09+6.51%<] Al
ZAZES Ve IthFigure 3), AlE AEE2 50-1000 pg/mL
o] AA| FEol|A 99% oA & ISO 10993-5 7%l oAste &
Ago) AMg-E SMES] A FEol = AlEz=4g0] YetiA] g2 A
°2 IRIFILE mEkA o]F AL 99% o] AEEE YERY
+ 50-1000 pg/mL =0l A Hastact.

http://dx.doi.org/10.20402/ajbc.2023.0077



iNOS

PACI | ol i —— - —

100r

50F

Relative protein levels (%)

0

LPS (1 pg/mL) - + + + + + +
SME (pg/mL) - - 100 200 400 600 1000

Figure 5. Effect of Salvia microphylla ethanol extract on iNOS
protein expression in RAW264.7 cells.

RAW 264.7 cells were pretreated SME at various concentration
(100-1000 pg/mL) for 1 h and then treated LPS (1 ug/mL) for 24
h. iNOS protein expression was determined in RAW 264.7 cells
treated with SME. Each value expresses the mean+SD of three
independent experiments (‘p<0.05). LPS, lipopolysaccharide
treated control; SME, Salvia microphylla ethanol extract.

3. NO M4 oxlls E7t

NO<J Aoyt PGE2, ROS, ¥%54 cytokine 59 HaAA =
S AT AFSAY =3} ool Fagh G Frhlee &
Kim, 2018; Shim, 2018), NO= 27} A7 &4 g9kl &
A Holg fEstAY, F5g flbhe 5 T=d A5 ¢
©.71tk(Shim, 2018).

LPSTE A3t thz29] NO %L 712(100%) 22 SMES] NO
AY/8E 50—1000 pg/mLejlA] FEEA 02 k= 2E 216k
t}, 600 ug/mLAlAE 0.00+1,34%2 100%0) 7Pk JAELE L+
effio] SMES] 9 @4o] 943t A 02 wst 4= I3itFigure 4).

4. Western blot 2412 £38tiNOS THHZE! Wisiolx| 1}

A= 7 QAR NOSE 37149 isoform 2 & NOS I (neuronal
NOS, nNOS), NOS I (inducible NOS, iNOS), NOS 1III (endothelial
NOS, eNOS)7} &2{A gloH, nNOSe}F eNOSE M} Ha o] ¢l
o] A constitutive NOS (cNOS)2H3H, iINOSE thaIA|Z SojlA
cytokine, LPS9} 22 E49] Ap=of &3 WAL NO 44E
FSANA NZFA, 4548 28 59 Zgo| AZTHYim, 2010;
Cossenza et al, 2014). o|ggt A% T Aol digt A azs
Felst g 23S Eelstarat st

SME®] tisf iNOS9] T d WE-2 Western blotr F3l &4
gt A3-E Figure 59 Uebfiglet, iINOSS] Tz drd=k2 100
ug/mL (74.84+5.95%), 200 ug/mL (74.68+3.53%), 400 ug/
mL (60.43+2.87%), 600 ug/mL (50,72+7.64%) & 1000 pg/mL

http://www.e-ajbc.org
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Salvia microphylla OEt2FEE9| iy
(10.08+5.78%)2 FEoEH 02 tAEE A& FRIset. 23
9} Zro] SMEE NO 4753+ NOS 2 o] 23t &4 axrt 9
= 202 woE|Qich

AlolA] Folle 7 F83t AESH &4 RMEE quercetin,
rosmarinic acid, caffeic acid, linalool, luteolin—7—glucoside,
camphor, 1,8—cieole, o—pinene®]tHPoulios et al., 2020). ©]
% caffeic acid R f+=Al= T 2822 NO 27585 ohz,
iNOS & 4|7} B3| 3ith(Da Cunha et al., 2004),

Conclusion

2 A ARlE ZASke) Akle] whd o 2 (3l o2 RE9)
5 B =27} ARE Wt Fof] o3t AR WY 24 oo R g
A], ofEw 9 g5 5] Agto] F7ketal QIthKim et al,, 2022).

£ Apo N SMES kst 84 9 g9 B4 52 B8t
SMEQ] A% /jA 7]54 2AEA o8 7HsAS Elstaat
3yt st 4L EEols I, SekEeo|= 35, DPPH 9
ABTSE o|4ato] Eelstgict. 1 23, SMES ¥ Zdsd &
ot Zb7} 102,26+0,39 mg GAE/g¥} 377.42+0.77 mg
QUE/g, DPPH radical 24842 =922 A4S Yehfle
™, 200 ug/mLolA 75% oA 2A%5-S SISt =3 ABTS
radical 2AGYE 5EJEHQ] ¥H-E UErl 2, 400 ug/mL
oA 80% o] 2AFS Rlstgt. HAAR] FER HokS o
SME®] g4kt E4o] Hold Aoz IR AlZ e
50—1000 pg/mLollA 99% olake] Al BE&S Uehfo] SMEQ]
Al E40] gleg gjlakict. I E42 SMES NO A4 %A
9FNOS THld e oA a3kE ERIs 39 S FRlstgltt.
SMES] NO A4 91A] A2 50—-1000 ug/mLollA] FEJ&H9 7+
A5 UeR)ga, 600 ug/mLolA 0.00+1.34%2 100%9] 717ke
NO A A aE gelstgct, d5 T AT INOS T wt
T 600 pg/mLolA 50,72+ 7.64%, 1000 ug/mLoA 10,08+
5,78%=2 Zashe AL BRIstgt), ol¢t 22 A2 HE SME:=
NO 4758yl ofg} INOS HEGA ] gt HF A5l e

© 2 WekEoy S microphylla AEH-E3EE50| SZo|A A}
4 Fd 20| Sl 715E dREA 185 &8 ks
Ao& AtaHr,
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