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ABSTRACT

Objectives : The aim of this study is to evaluate the potential biological activity of Veronica incana extracts (VIE)
through in vitro, ex vivo, and in vivo experiments,

Methods : In vitro, we conducted analyses on the total polyphenol (TP) and total flavonoid (TF) levels, alongside DPPH
and ABTS radical scavenging activities, Ex vivo evaluations on adipose tissue measured glycerol release as a marker
of lipolysis, In LPS—induced RAW 264.7 cells, we quantified nitric oxide (NO) production. Following H3O3 induction
in U20S cells, we performed mitochondrial assays such as MitoSox and MitoTracker. Moreover, Bodipy assays were
conducted in 3T3—L1 cells, In vivo, we performed anti—osteoarthritis effect of VIE against monosodium iodoacetate
(MIA)—induced osteoarthritis in rats.

Results : The results presented encompass a myriad of models, from cell culture to animal experiments as well as ex
vivo studies, VIE demonstrated high TP and TF contents, potent DPPH and ABTS scavenging activities, and regulated
glycerol release, Moreover, the inhibition of NO production in LPS—induced inflammation was notably confirmed and
the reduction of lipid droplets was distinctly shown, Furthermore, in HoOs—induced U20S cells, MitoSox was effectively
reduced while MitoTracker noticeably increased, In vivo assays confirmed a significant increase in hindpaw weight
distribution (HWD) decreased by MIA after VIE treatment. Additionally, VIE inhibited serum inflammatory cytokines
(TNF—@, IL—6, and IL—18) and MDA levels in joint tissue,

Conclusion : In conclusion, Veronica incana exhibited various pharmacological effects including antioxidant, anti—
obesity, and anti—inflammatory properties,
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A E ol o|27|7HA] W A&l AF Tl AR
=, HZole M2 BA4Yo| AEE o] thakgt A A
WERS 2 AgosEAL Basl 4UT & A HY
o mhebd QAbEl RS AT 4B ostel e Bgol
27 Z7bske FA0l .

Veronica & (Z2]&<%)L speedwell, bird s eye, gypsy
weed T8 B, A AAZRCE 450F v S &8
NEL EF AL2 1 471 Aoz F7ksta Ao,
Veronica 42 1007+4] o]4e] A E3lshad & Z33h ohefgt
RS 7L Jlon, ol FE oFkolE HigA|e}t ¥
B4 AREE F2 FAE] g, o] AEL A, FHEE,
29, FF ATd WY o @ 557 AR @ /)Y B
A AR ) AEHeE AGHAP, ofF Fol,
Veronica 4 % Veronica peregrinas €9, 9A%, T ¢,
GAAE ) BS54 AE S wew AR AR 9 g
220 2ty A Y. Veronica spicataZ WHE
A RS W 37 2EL AT Yol 71W 0 = BEe
AGAZ A= Yot E3, Veronica officinalis (Lt
22l speedwell)2 U7F HE goA 7 &A, A¥. W E
A, A A 2 w5 gy A5 AgEn?, a8la ohepdt
Veronica 9] AA4HNA & 2252 A AAHLE ¢
A2 AT Uy oR AHgEHL Yo,

2 WA E &0 TE A meES 8T ot
e A, A ZELY g ¢ Fofl g A, mYE
ot& ol Als d AEAYTH A, =4t BYESY 47
$4 5 olre 977} AAE R . Teltt Veronica %0
438t Veronica incana®) W3 A8 &4 A+ REshH,
of 4B ETS} 1 2 71HS of WA ek,

olof] B Aol A Veronica incana®| thFet A TS
g32817] 93l in vitro, ex vivo 9 in vivo AE S 435}
Veronica incana®l 7154 A& 22X AR 7H5A4L

245127 g,

I. Az 9 3y

1. AR 3%

o] Ay AMH Veronica incana extracts (VIE):=
Traditional Medical Research Institute (TMRI, Ulaanbaata,
Mongolia) 288 FF99Ith. Veronica incana (200 g)ol
109e] 2R A5l 1000 247 B9t F3%
T AR wEoge, FAAEH BeuE A7 A0
F 5ol o] AHgesc

2. Aok

Gallic acid, quercetin, Folin—Ciocalteu’s phenol reagent,
1,1—diphenyl—2—diphenyl—1—picrylhydrazyl (DPPH), 1
1 7 mM9 2,2 —azino—bis—3—ethylbenzothiazolin—
6—sulfonic acid (ABTS) ¥ monosodium iodoacetate
(MIA)+= Sigma Aldrich Co. (St. Louis, MO, USA)|A
st

3. In vitro AL} 84 &34

VIE®] total polyphenol (TP) ¥ total flavonoid (TF) &3F
2 DPPH®} ABTS radicald] £A%E 7]&0] AHRS Z2E
Zof wa} 2= YHY, TPE mg gallic acid equivalents
(GAE)/g2 2, TF+= mg quercetin equivalents (QE)/go 2
3ArE|9l o, DPPHSF ABTS radical®] 2A%E ICs (the
half maximal inhibitory concentration)2 ¥A] = 1},

4, Ex vivo glycerol release +4]

25~30 g9 A A2 RY R RS Fe|sho]
AlEstar, Zkzke] Aol HBSSO)| 1% free fatty acid (FFA)
free bovine serum albumin (Sigma—Aldrich)& Yo 150
mg/mLE Z8|3H? | VIES} 9FA g2 eFE<] isoproterenol =
2 ug/mLE ZZ} e—tubeol] Y2 &, 37C9 74 1A17H
B iRt IARE & S AQFE T, Aol EafjE o
425 glycerol®] %< glycerol assay kit (Cat, MAK117,
Sigma—Aldrich)E AH&-ste] £33kt

5. In vitro RAW 264,7 N|Z £4

RAW 264.7 A|ZX American—type culture collection
(ATCC, Rockwille, MD, USA)o|A FustRon, ANZ uj
92 DMEM (Hyclone, UT, USA) Hjx]of| 10% FBS (Gibco,
CA, USA)VE #7tste] 37T 9 5% CO29] AlZE Hijf7] oA
FYE P, Wzde 1% HUAd-] M7=, xS
A 8-S gotr7] 95 96 wello] 5x 10° cells/well 2 £33}
o 24A7F ¢HASAF v, VIEE thFet H= (50, 100,
and 200 ¢ g/mL)Z LPS (0.5 ¢ g/mL) A2 4X7F Aof A
Zshgich. 2E3 1641 B9 MO F, WST-8 Alof
(Cat. #10010199, Cayman Chemicals, Ann Arbor, MI,
USA)E 9087 A3t v, A5HS 3|45t 450 nm Tt
oA FF=E A5t AEZF4ES Normal# 9| 4
A2 A3kt FAISHCE, Nitric oxide (NO) A%
Promega Corporation®] A|A]¢] w&} CytoTox—96 Non—
Radioactive Cytotoxicity Assay (Madison, WI, USA)E
o1gsto] ZA3Hert,

5. In vitro U20S A|3& &4

AZZAE APNHE Z wello]l 4x10° cellsE 200 pL
2 wjoFste] 24A7F Fot st VIE: 447 59 A
A&t Fofl HoOy 500 pME A28}l overnights 45}
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Ao HHstg o, TE 23S YF
Korea)?] TNFe, IL-183, 9 IL-6 assay kit& A3l =
I €4 100 pLE ¥, plate

Veronica incana 3252 A& &4 H7}
g AL 4TColA 1,508 x g2 103t

Be Qg
1) 2 L F54 Aol
B3 U 934 AolEs 273

AstATh ZF wello] &
A1t FFEZAS AAStL, wash buffer2 A|AsE &, ZHzk9]
‘NG A AL

CCK-8 (Dojindo Molecular Technologies

AZ 34 100 pLE Y1 plate sealer® @olA 247t F¢tF

A2oA ettt 28]a, T2 HAAE AASL, wash
wo

At AlE
Inc. Kumamoto, Japan)g ©]&3}o] A|RALS] Z2EF0
FE53
sealer2 QoA 2A17F FF A A vjFstH Tt o]Fo &
buffer2 A&t &, streptavidin—HRP 100 pLE dojA
=
T, WT

wet A3kt nEE= g ote] 444 (ROS) &4 ¢
ubd 9] #M3l= MitoSox  (Invitrogen , Carlsbad, CA, USA)$}
o] g5t EA31 Tt MitoSox7F A 2|H A|EE vjdF7| oA

482
MitoTracker (MitoTracker Red CMXRos, Invitrogen )&
4% PFAE o] &3t NEZE 1743t

30 B¢t A2 A vttt 1
Y3 A eolA ket o, MM walol et stop
solution 100 xL& YolFQtl. mlX|2te & Microplate

202 Fob fA5H

Folstol ZASACE, B QY olu|AL WY Belsl B
wash bufferZ A|&3t 3 ZF wello]] TMB solution 100 L
reader (Tecan, Infinite M200 pro, Switzerland)Z& AF&-5}

3 Red signal2 Olympus BX51 MicroscopeE ©]-83}9]

AL
2008) ZA|A A3, ¥ LIVE/DEAD M 24
A1§-2 Thermo Fisher ScientificA2] Al-& AE (1.3224)%
=%
o] 450 nmolA] TF == 2AF A}

Thiobarbituric acid reactive substance (TBARS) HM
=

Zt=] dn)7 Olympus BX51 Microscope (Olympus Co.,
Ltd., Tokyo, Japan)& AH&-8to] ZAsH%ict,
2) Malondialdehyde £Ad
o2 #d 2 M Bag AEY Y MDAS ZA3tHcH?,
Microplate readerg A3l 540 nmolA ODZHE 43}

6. In vitro 3T3—L1 A3 &4}
3T3-L1 AHAZA A F4 AAE HESH7] 98 Bodipy
(D3922, Thermo Fisher Waltham, MA, USA) 4N 4
Pttt 6 well plated] 2x10° cells/well2 A|ZE FZ
stal HjgF7]oll A overnightdttt, 1 &, NIZE VIEZ A
223} oleic acid (OA) 250 uM=Z 6A|7F =<t vl st T},
OA A8 & A|ZZ PBS (pH 7.3, 10 mM)E 23] A A3},
2 #M9] BodipyE H7F & gAoA A2oA st
FF A4 omA= FF AnFH Olympus BX51
Microscope® AR5t 4125 glstal, on], £22H MDA A2 A1gsto] ®2 AL Faich
243 8. BARA
£ A= B (mean)T EF 22 (SEM)E EAISHS
o, SPSS (Version 26.0, IBM, Armonk, NY, USA)2
AFE-5}9] one—way analysis of variance (ANOVA) testZ
AA8F & Jeast—significant differences (LSD) test® AFE
ARE ATt 2 9 B zolof g $AE 948
p—value < 0,054 A8k
2 3

I

%!
7, TP A$ 108,87

f
b3

o A&t &8 AMSA BRI HY FU=
12A2F F710]0, 25+ 22 + 2C, §EE 50 + 5%=2 =3
sttt FEARY |84, st g AE 2 5844

2382 YY3] (Institutional

Animal Care and Use Committee: IACUC)9] %<9 (<%

o omre

7. In vivo Z94 Y
7% ¥ 4271 SpragueDawley (SD) 3FE DBL (Eumseong,
Korea)ol A Fste] Y Bt AFA A4 F-5A%
fof
o arTas

Kl
I
1. In vitro 43t &4
3] =l
+ 0.55 mg (GAE)/g2 2 Yehton, TF 352 39 59 +

VIEQ] TP<} TF =2
o
0.31 mg(QE)/g &FS YUellt} (Table 1), VIES] radical
4758 B21517] $1o) DPPHSE ABTS 248 AAlsh.00,
=

Al
P YRFLOEL L-ascorbic acidg AHESETh VIEY]
=73 A3}, IG5 g2 8.78+0.12

< Ay
#elE 9Potel Hhateigot S8
DHU2022-067)& ¥ FEAIS APt
AT (n = NS At 2E FHE ZH/H
2 pe wAd FUS AZol ARY T, BVAY FE
EZ¢2] MIAZ 31G insulin FA] (8 mm, Becton Dickinson
= T =

and Company, NJ, USA)E A}&3}e] & EU S PAL
50 pL (80 mg/mL)¥ FYst4ct MIA o 43U T 5

= =
Lo
=

- o
ng/mLE YElton (Figure 1A), ABTS radical &4 &

DPPH radical £&#A

38,
32 1Cs0 g2 21.92+0.40 ¢ g/mLE ¥2 itst B4

_(’)__
A2
ettt (Figure 1B).

s (g) X 100

el A% Rt HHsAnY, Tuddel fuE NS
A%e
Indomethacin} VIEL 3120 3 ¥4, 23 et AT 2o

2% (MIA), indomethacin 2 mg/kg® AT+ T3t %A
tZ+ (INDO), VIE 200 mg/kg2 AT Fo5F A+ (VD)
TG fdE 2

[9)

2% 7oA el
4L
siche]

7}

o=
stk Sickel A% 25t ()

22 5itte) 2ol (/44 95

S 2 AEstg
A8 £78 & jsoflurane (Troikaa pharmaceuticals Ltd.,
Gujarat, India)& AH&8l S PHHE AlQstL @RS B
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Table 1. Total polyphenol and total flavonoid contents of VIE.

Sample Total polyphenol (mg (GAE)/g) Total flavonoid (ng (QE)/g)

VIE 108.87 £ 0.55 39.59 = 0.31

All values are expressed as mean * SEM. VIE, Veronica incana extracts.
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Figure 1. DPPH and ABTS radical scavenging activities of VIE.
(A) DPPH radical scavenging activity, (B) ABTS radical scavenging activity. The DPPH and ABTS radical scavenging activities were expressed
as ICso (ug/mL). Values are mean of three replicate determinations + SEM.

2. Ex vivo glycerol release ¥4} oo, VIEY ZA$+= 25,0 + 0.3 mg/dL/hZ glycerol HjZo]
_ - Al v 3.64] £<9J3 0.001) =78l
VIES] AHHE3] &IHe fat padS o]L3he] glycerolo] H (; & ;H) |  gostA (p < ) Z7letarch
E9E AFE Sstel FAFGom, VIEE 2 pg/mLE eHre 2.
AX st 1 A3, Normald2 6.9 + 0.0 mg/dL/hr&
i
L ]
I 1
i
40= I—|
£
.
5 307 -
E
[]
@ 20+
2
[
>
o
0 ] ] ]
Normal Isoproterenol VIE

Figure 2. Effect of VIE on release of glycerol.

All values are expressed as mean + SEM (n = 4/aroup).

o < 0.001. sianificant difference compared with the Normal aroup.

3. In vitro RAW 264.7 N Z 24

VIES] RAW 264,7 A|2ZoA NEZFAES ER1st7] A8l
VIEZ 50, 100 ¥ 200 pg/mL=Z A3 & WST-8A|2FS
Agste] EA4% A3, BE R4 AE E4& YA
A} (Figure 3A). E3H, VIEo] LPSE {atd 24 Z 9|
NO A4 Ao gt axtE B4t 23}, LPST A et of

ol l‘N

2 Normale Hla] 31,75 {2J8tA (p € 0.001) 7t
tgoLt VIE Helo] 93] oz oz 9olsi JA|E=
< I}, E3], VIE 200 ug/mLE A23tgS Al
LPSTF A 23 gzl vl 71.1%2] NO 44 JAS =2
Fot (Figure 3B),

P}
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Figure 3. Effect of VIE on cell proliferation and NO production in LPS—stimulated RAW 264.7 cells.

(A) Cell proliferation of VIE, (B) NO production. Raw264.7 cells were stimulated with 0.5 ug/mL of LPS. VIE supplied with different doses
(50, 100, and 200 ug/mL) prior to LPS induction. All values are expressed as mean + SEM (n = 4/group). " p < 0,001, significant difference
compared with the Normal group and p { 0.05, p { 0.01, significant difference compared with the LPS group. Normal, Treated with

media only.

4, In vitro U20S A|Z &4

VIE®] U20S MZAA NZZFAES &I $J8) VIES
50, 100 ¥ 200 ug/mLE =gt &, WST-8A|2kS A &lstH
BN A7, RE EFToA Alx %é% eb A gkttt
(Figure 4A), T3, VIES] HyOp A8 ¥, $IH A3} A
) 2of Y3t Dead cell intensityS 243t A3}, HyO0% #
28 | 2F-2 Normalwtol B]3) 14,68 F-2J8HA (p € 0.001)
Z7Fto U VIE 200 ug/mL Aol 23] f-2I5H4 (p € 0.01)

(B)

2.5+

2.0

0.5

Cell proliferation (Fold of Normal)

0.0 T T T T
Normal 50 100 200
VIE (ug/mL) - + + +

Haste Ae FAdsth VIE 200 ng/mL A=
Hy0.1t A3t i 2ol vl3) 12.91%2] A5}t (Figure
4B), E3t, nEEZ= o] ROSE MitoSox staining@ 2,
nEZE=g0l9] integrityw= MitoTracker staining®2 %
7kt e, VIE AX|& u]EZEeote] ROSE Hy0.5 A2
g 2t tiH] 22.54% FosHA AN LH, nEZEE
ofo] A ¢ MBS HoO.8F A2|gh thxt thH] 1,949 S7F
2 anHoz ANAAZT (Figure 5).
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Figure 4. Effect of VIE on cell proliferation and Dead cell populations in HO.—induced U20S cells. (A) Cell proliferation of VIE, (B) Dead cell
populations (Calcein live dye (green) and Ethidium dead dye (red) staining, 200X, scale bar 15 um). U20S cells were induced with H02
500 uM. VIE supplied with 200 ug/mL prior to H20» stimulation. All values are expressed as mean *+ SEM (n = 4/group). *#p { 0.001,
sianificant difference compared with the Normal aroun and ~o ¢ 0.01. sianificant difference compared with the H>0» aroun.
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Figure 5. Effect of VIE on MitoSox and MitoTracker staining in H.O>—induced U20S cells.

(A) The representative image of MitoSox staining (630X, scale bar 15 um), (B) The representative image of MitoTracker staining (400X, scale
bar 10 um), (C) Intensity of MitoSox, (D) Intensity of MitoTracker. U20S cells were induced with H202 500 uM. VIE supplied with 200 ug/mL
prior to H,0» stimulation. All values are expressed as mean = SEM (n = 4/group). *#p { 0.001, significant difference compared with the
Normal aroup and "o ¢ 0.05. “p € 0.01. sianificant difference compared with the H,0» aroup. Normal. Treated with media only.

5. In vitro 3T3-L1 AIZ £4 243 (p € 0.001) 7.149) FHHo] i A2 ARAeH,
ST5L1 AL A% HEe] S Boding g g A FAE VIE 200 ug/mL A0 Siah 16.96% I
A5, Normal@ ¥l Oleic acid®t Aelat ghzze Ago) (P <000 BESHRE (Figure ©).

(A) (B)

*
10
#HHt
Normal —_
8 | |
N
k- %
(<}
Lo} u
k]
o
) ) m
Oleic acid 5
2 47
D
c
2
£
2+ ®
[ ]
0 T T T
VIE 200 Normal Oleic acid 200
Oleic acid (250 pM)  — + +
VIE (pg/mL) - - +

Figure 6. Effect of VIE on lipid staining in oleic acid—induced 3T3—L1 cells.

(A) The representative image of Bodipy, (B) Intensity of Bodipy 3T3—L1 cells were induced with oleic acid 250 uM. VIE supplied with
200 ug/mL prior to oleic acid stimulation. All values are expressed as mean + SEM (n = 4/group). *p { 0.001, significant difference
compared with the Normal arouo and o ¢ 0.05. sianificant difference compared with the Oleic acid aroup. Normal. Treated with media onlv.
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6. In vivo ZTHH Y T EAY
Q8717 B 2R A W3 ()5 HAT 60,1 + 2.4,

MIAH 65.6 = 1.6, INDO+ 61.1 £ 5.4, VI& 70.1 =
6.22 UYEgth MIAZ ZWEES 2 F 14479 As
ZAoA BE AFFA H=o| ZVlstg o) 7 AFFE 7H9]
$oe ®olA) ket (Figure 7A), EF, ZVHL] §2
d 279 5 W3E Brish] st fne AS #iE

S7sHoirt z*“:r@l o A F5HE 10022 e o,

JI

MIA o 439 & 0 dayols AAT oy 2E Z0A Y
GurLo A {8t ZaFe RoFginh AR, 7Y ot
FEE Folotgd W, MIAZ il SHEZol FlsHA $7t

e = 5 AT (0 €0.001). olHE A= R 149
7HA] Aol HArk (p € 0.001), AHHeR AH7|7E 25
AT Al, AT W] MIAZS 37.5%7F 31552 Z3on,

(A)
120~
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ué’ o
s 80 8
o o .Q%_g
= %o g
o A
] o
= 404
>
°
[=]
m
0 T T 1 T
Normal  MIA INDO Vi

o gEety By Bt

63

INDOZ-L 31.5%, VIZL 22.7%2 Jebgth weba, VIES
ArEAE 59 wHE IES =945E AL ;Y 5 A
gith (Figure 7B),

F7HH o2 AN dFA Aol EFRel 2 I A o)A 9
MDAE &Ast¢itt, 1 A3, MIAY ZTEE f=ol g3
AT ] MIAT oA TNF-¢, IL—6, IL-13 ¥ MDA

Fo] YA 7t HofFa (TNF-e, p € 0.01;
IL—6, p<0.001; IL-18, p < 0.001, MDA, p < 0,001) ©]
23 F7H VIE®| ZFFojof &3 {-o5tA #as}
ATt (TNF-e, 30.4%; IL-6, 27.0%:; IL—18, 65.6%; MDA,
73.4%). 3|, IL-189] A< INDOZET} VIZA 8254
JAIsH= Ao 2 el (p (0.05) VIES] ATLEAE 434
A E71RIQI IL-18S Aot IWEAE ¢ anyoe=
A3t 7)= AL R BdHET (Figure 8).
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Figure 7. Effect of VIE on body weight changes and the relative changes of hind paw weight distribution.
(A) body weight changes during the experimental period, (B) the relative changes of hind paw weight d|str|but|on All values are expressed

as mean + SEM (n = 7/group).

compared with the MIA group.

0 € 0.001, significant difference compared with the Normal group and p { 0.001, significant difference
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Figure 8. Effect of VIE on serum pro—inflammatory cytokines and tissue MDA level.
(A) thel levels pro—inflammatory cytokines such as TNF—a, IL—6, and IL—18 in serum, (B) tissue MDA level. All values are expressed as

mean + SEM (n = 7/group). *#p { 0.01, *p { 0.001, significant difference compared with the Normal group,

o € 0.001, significant

difference compared with the MIA aroup. and ®o { 0.05. sianificant difference compared with the INDO aroup.



64 K R OB B

v,z %

HAE HE Ygto] 249 AFFESAT d=X 240
AT, ddos A AAHLR dolEsR = o AAR
HEASGH? . o]d W3l 74 WH o R JhssiRth, WHO

29, A A A9 oF 80%71 o] A3] A &L 7|Hlo &2 3
FES AHESHAL ot RE FEL AHE] oFE AElA
SAGAHY. eAHFeH HARYo] A7 FERE AFLHIY
om, o]F Z& AL A3 FaT HJAoth, & AES
Ao RH LEls et 28 SR Hig {83 JRE
d& 5 AUtk

Veronicax= @34 E¢l Plantaginaceae (7 o]a})of A
7V 2 &9l &3k, o] F Veronica incanas YRIH SR
silver speedwello|g}xl Bt} E3F, Veronica spicata®)
o}£ 02 (Veronica spicata subsp. incana) 2FE™?, thd
A AER 7Y 4F 9T Ao}, Aot Ay, &
4 F= 557} gAtxjolt, AR T57] A, o ANE,
g E A A)7] ol G, BHE 9 A RS Y3
AE sl A ARGE Y, ST Veronica incanadl HhEt
e &4 A7t SESHA Yok, Veronica incana®l A +e}
I 7)Ao e At ok mFE deiolth wEbd 2 ATt
o M= Veronica incana extracts (VIE)Z ©]&3t in vitro,
ex vivo ¥ in vivo A8 53 Veronica incana® ail+e}
3 ZE 714-E 9e] A} skt

NZes AR Aol Astel gHitst Zhgo] 43S
o|F1 ot I FFo] AAW A3t AEH AT LHAHSH
Aot H=gt ARSE AEHAE BRI FF Hte 2 WilF

& oAU 43t B0 FRE FATAE F e
Fa & & A AL F2 dE 725 A
j323oz ZZBELo|=EE & 4 9}, VIEY in vitrool Al
FAE A S Brkskrl sl TP TF ds A5k,
DPPH¢} ABTS radical &A%< 243} tt. DPPH assay
= Hs4 IEY e F8E Bristed AREEH,
ABTS assay= 52 pH HelolA 254 € A4 33HE9
st 598 248 4 b, Radical 275 ICste
2 EAISH, radicald] 5078 AASE § Bag Azel 4
& FEE gttt mEbA, IC50] &S At 24 5
go] E& Aog FriEn?, FiE H¥L AT A
(Table 1, Figure 1), VIEE &2 TPS TFE T3k AN
o, DPPHS} ABTS radical £A4%0]A &3t A a1=
B

Ap 22 A &) (lipolysis)= A A2 A%H 54
A (TG)7h &=L, AAE (fatty acid)@t SAE
(glycerol)o] W&HE 0|3} go|tH? | o]¢] ex vivo glycerol
releaseE £4& AAI9E Al (Figure 2), glycerol Hj&9]
Normal thH] 36812 §-25tA F718HHaL, ol= VIES &
T2 AYES| ad-E oJulsic}

choket NI ZAY (RAW 264.7 AIE, U20S A%, 3T3-L1
Al2)E E8ll VIES a5 F4tst 9 ek atof gt
F714<Q 7S4S Frkstar
Lipopolysaccharide (LPS)Z GE%¥ RAW 264.7 A3
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Ae NOY HAZFS FAsch LPs7t AxEdte] e
Toll-like receptor 4 (TLR4)o] AgsHA =W I A5V}
A W2 AGEA =32, Nuclear factor kappa B (NF—«B)
oF 22 AAF A= EF5A wiZHAA] inducible nitric oxide
syntheses (INOS)E $w=314 =t} FHEZHOo=Z iNOSE
NOE A8t =iz, AlolE7lele] 93 A=F& WoH o
%2 ¥ NOZ AAasHA feb”, & A Ax (Figure 3),
VIE 200 ug/mLE A28t Al, LPST A3tz
H|E] 71.1%%) NO A4 JAE HAF3U, o= VIEZF NO9|
AAE B8l d5S e o R AN Ao g daE oA

IS4 (hydrogen peroxide, HoOo) 2 AMSt AEFHAE
=T U208 AlZo|A VIES] w|EZEgjole] S/ditad
(ROS)Z 4Atst ~EH A0t Al W] g Alo]of 72 A
AL /M3 Atk MitoSoxE mEZEdol ROS, £3],
ZAEHE S Zoty= dlof g2 AMEEE AR A 3l
om?) mEZRcalole] ubA 9 Wl MitoTracker® %7}
A €t o] 7] 4 MitoTracker+= &olgle A28 nEZE
goto] AP A S TR 5= Q= AEH I/ ol I
Grolth?, U208 Az H,0, A& F, f A5t 2
g 2of tigt Dead cell intensityS £4]%t 23} (Figure 4),
VIE 200 ug/mL A& Ho0:%F A2 et 23 thv] 12,91%
7vF FostA AR A FH,

VIE AL nEZEzgjo} ROSE 493t JAetgon,
T EZEg o] integrity= F28HA F7HA FA Y WIS
gt HoO:9] H2ji= ROSE F-9JsHA S7HAIH2H, VIES]
Az o 22.54% F25HA HASHATE, EF, 62.73%%
o5t A" MitoTracker= VIES] Ao 2|3 1 98]
FY5tA Skt (Figure 5). ©l& &3 VIEx= HEZE
Zote] ROSE AAIAIA ®F ol et n|EEZ =LY 7] 5&
HAdsts AR

E3H, 3T3-L1 AZo| oleic acidE A z]std A& 2 o]
FHEY, Ad 53 == Aotle AlxY AE 4 g
u}7A el BodipyE ©]-83t] Z4tATH. Oleic acide& 3
2 & AFo] 7.148) Ao VIE 200 ng/mL A
2]o]| o3 16.96% F2I5HAl Zrastatt (Figure 6). ©l1& &3l
VIE AX+= A 45 JAste] FH|vt anE 43st=
Ao g AyZEd

TRAYO R in vivo ZREYH FEHAS T FEEE

HE Frlekgioh =P8 HEE =844 d
AT ATE T Aot} o] 2 3 TAEA LAH A
Z)o] WAt o]= WA FH W, A QA F
Fo™ A&xQ BF, %5 Aok, wE F Wy, %
F gl 7|5 vk el 4] e AT, 2%
monosodium iodoacetate (MIA)S] A7} U F¢
2 FxotH olgfd FERE2 dEY &4 4 55 5ol 4
Alo] 2/AGT fAEITh R B g0l ojo] B o]
A VIEZL Z28d o] 8 TERDAA RAhe] AF 7
F 54, @3 W 9454 AlE7Hl B4, 3d 229 MDA
B3l STE A gt adte] i AT MIA
IS 9 T 14979 AF 5F ¥ (9 £4
|, ZE A¥ZNA AFol F7rstg et 2 AdT
d& HolA ¥t (Figure 7A), EZE, MIA T
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dFd & 0 daydlle BT div] & SITEE LA
st A5 Bk (%) 7 5 BATE HoFdn, MIA
E 2EF BEY Yol FostH LEZF Jrtglo] A
FEE, ol BE FFo2 QlF 2EF JirteE AR5
go] Faf Ak, wetA, Sckel AF F3t (%S FrskE 3
A iy ek ragth a8y, FE B 3 7dREE
T A=Y, Ad F8 Ao FAE iy MIA
FollA oF 37.5% F= 3 EHA] FFch, whdo|, FAE tiy]
INDOZ-E 31.5%, VIZS 22.7%7F &= £HSL e}
Yol VIE Ao o) o] A5 it A= o] 550]
W) SHEE AR Ho, ofFo| 93t 7t AF St
T u|xE JFgo] g3t Ao AHAEHT (Figure 7B).
EZ A U 454 AolEARIS MIA o2 PAF diy]
FosHA Ut oy FELAME FosHA Hastan
(Figure 8A), £3], IL-18 ©] INDOZ tiH] -2lstA 4
A71e Ao vyt E3 VIEY HXe #d =& Y
%7+e MDAE &35 o2 JA|she Ao Yeyttt (Figure
8B). o] AAE2 VIEY FH2 ZHEFo] A= NSS
A ARgtLE,

SolA HZ ohke Aol gAY FHE0
7238 7kt Qlom?) ol wlnk Qo] Zrheh YT
Aol ik, BT THAFQ We 30 FF AHE 2n|
s, Abshe A~EF 20 HAE e FAE B, 945S
S ATE FES EE 9 A U AW 548 2F
e B3 59 AR 9 antygoz sjioe] Hrjxy By
o] Itk webd, VIEQ] &l tis) Autd oz grtst
S A, s A 44 YL o] AT EY 9t
2 A5 a3tHd Aoz drkEojr)

A B A= VIES] ohofst e 84S g7shy] A%
ol71e T JmIbo] gt o] &= 71A AFE JAPSHA
3tk 2 AFolA vehd gt 2 FEF atol gt
71A 1A A3 d F7HE¢ SEAFO] WP o] ek <l
A 7|8k ntRAsjof & Ao R ATE oK},

v.2a &

B AR A= Veronica incana®| Tt A S &
3}7] €3} in vitro, ex vivo ¥ in vivo A¥-E& £33}y om
oS 22 2ES A9

1, VIEZ in vitro g4ts 84S 4% A7, =2 TP
TFE 3+g3t1 919l o ™, DPPHS} ABTS radical 24 %
oA 423t oA &S B},

2. VIEZ ex vivo glycerol releases &4]3t 23}, glycerol
HjZo] Normal | f-2lstA S71Eo= Qs a1k4<l
AEs| adE Uebi

3. In vitro RAW 264.7 NZ A3& 3 Zi} VIE HX=
LPSE 43t d359A4 NO S a3td o2 AAA AL

4, In vitro U20S MZ AL 3t A3}, VIE HX&= g
=gote] ROSE FostA JAstHon, nEZE o]
A H3kE gy o g ARt

5. In vitro 3T3-L1 MZ AL g 23}, VIE 200 ug/mL
A 2o 93] A& ZH o] 16.96% F25HA FasHA Tt

6. VIEZ in vivo ZHEE FEAHES g 43}, VIE AX =
Aoty AF FHE MAste] F59 wE IJE 4 A
W €354 AolEFRQ F IL-18E& FE8AA JAst
ZHEAE S F

w2bA] Veronica incana®] TEFE A2l B4E B7He A3t
Veronica incana A¥et 2EF LGS AASHaL, FHgt d
A5 ATE AdS Gl olHd EAEE F% 7154
AFoz dE o, A Ao o 9 X g5 §-83%
AR 5 242 158 5 ASS AAR

ALl 2

o] JitE2 FF (Te7]e P ESAR, No.2018R1IA5A2
025272; & 2021R111A1A01059605)9 AYe= &
SAFAG] A S ot YUY
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