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ABSTRACT

Lycopus lucidus Turcz (LT), a perennial herb in the Lamiaceae family, has traditionally
been used in East Asia for its anti-inflammatory and circulation-promoting effects and
contains phenolic compounds with strong antioxidant activity. Despite this, in vivo studies
verifying its efficacy are limited, and no research has directly compared extracts prepared
with different solvents. This study compared the effects of LT water and ethanol extracts
in HepG2 hepatocytes and evaluated the impact of LT water extract on oxidative stress,
apoptosis, lipid metabolism, and liver function in diet-induced obese mice. In vitro, fatty
acid-treated HepG2 cells exhibited marked lipid accumulation, which was reduced
significantly by LT water and ethanol extracts without cytotoxic effects. /n vivo, C57BL/G]
mice were fed a normal diet (ND), high-fat diet (HFD), or HFD supplemented with low-dose
(LLT) or high-dose (HLT) LT water extract for 12 weeks. LT supplementation reduced
the levels of hepatic lipid droplets, plasma GOT and GPT, and inflammatory cytokines
(IL-18 and TNF-e) elevated by the HFD. It also improved dyslipidemia and upregulated
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hepatic PPARe and PGCle expression, promoting fatty acid oxidation. Furthermore, LT
enhanced the antioxidant enzyme activities (SOD, CAT, GR, and GPx) and decreased
caspase-3 and caspase-8 expression, alleviating hepatocellular apoptosis. These results
suggest that LT supplementation improves the liver function by reducing oxidative stress,
regulating lipid metabolism, and suppressing apoptosis, highlighting its potential as a functional
food ingredient for preventing and managing non-alcoholic fatty liver disease (NAFLD).
The beneficial effects appear to occur regardless of the extraction solvent (hot water or

ethanol).

Key words: Lycopus lucidus Turcz Water Extract, high-fat diet, obesity, antioxidant

property, hepatic steatosis

I. A&

A ARRlolA H|Tta}t SHA B|IEAE AT
(non-alcoholic fatty liver disease, NAFLD)¥}

2o 7 AL A AAHoR sk 348 A
7J AR gAF A3 2l APy A3lo] =g 9

Qlo] =i Qirt. 7he =g AT d A

AR5 AW RS P 249 SHS

FH A7]2(Kim et al. 2021), 7t 7159
H]

vk e AL Sl

og, O m ool
it
B2
1o

o

]

[,

N

3_1:

%,

[o

XAz BN e
i
10
N,
i
{
:?g

al. 2016). H|Fto &2 S % NAFLD= H] 424
ZH}7FA(non-alcoholic steatohepatitis, NASH)
I} 7+ A8351E AX 73 Z(liver cirrhosis)2
2 AP 5 Qo 1y @A RSS2
Aoz Agd BIAQl A7} gleB =, NAFLD
dAIA 9] 27] B} vl SRS} AlSE AE
| ~(oxidative stress)= A HW]'-OJ gt %13y,
——zfrx—q‘ A CNARE AF, NASH, A+
SR a4 +8 3H *“E]O]X}E g3tttk
(Arroyave—Ospina et al. 2021). w&kA 7F W
AAAE 2EstaA S BS e oA
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2= B/ oFEo] vlsf A¥tHo=w FARg i
o] Wil A7t AFel= FEAdo]l =2 74
7} @o}F NAFLD o 2 A =5E 913t 715/ &4
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AR EYe
lucidus Turcz)2 =3} Asteraceae)ol| &5l+=
ofZjsiiolER, oA 1 RS HTH#E
fR) o2} sto] oFg o= ARSI STt Heo] 9

HRogL caffeic

Jo 0*

22T, Lycopus

protocatechuic acid,
acid, rutin, rosmarinic acid 5°] 3o, thF
EO] JFoA] rosmarinic acidE F8 AHAGE
o7 4H5kal JTHKim et al. 2018; Lee et al.
2019). "z 7F B3 (Lee et al. 2019), FAISH
(Slusarczyk et al. 2009), HAREZ+ 7i4(Han

et a. 2022) % ThE o) B} 510
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1. ez

E A7 AF A== Puremind(Yeongcheon,
Korea)Z € SuiAt Bt 28-S F]lsto] AR
sttt Al AEE B9l S WA 52 olEE
S AASI] AL20fA 24A7F oA} AX & 5°C
oo A YA HakstHA ARSI

2. NEZFZ

AXAIR 100 g& 22 Hds] got 75 4
30% ofgtE 1 LE 92 =
< 33] §hEstglon, 59 HE oifsto] Ay
5 3 AGY 554 A2 5EAA TEAR
Sttt &2 FeFEEY F9 27.36%, ot
25559 4% 28.52%01%0t}. AlgE ARGA7F

A =70°Coll Hastir.

3. MIZ Hi 3 23t

A+ 7HF A=l HepG2 AlZE= 10%
FBS(Fetal Bovine Serum)¥} 1% penicillin-
streptomycing $H3-3t Dulbecco’s Modified
Eagle’s Medium(DMEM, gilbco, Grand Island,
NY)ollA 37C, 5% CO. 7oA vigFstict.
HepG2 AlZE9] confluency”} 70~ 80%° =&
SHH 6 well plateo] AlTHEigsIA 2w, AthuleF
2470 FEAFAHGEmM)E e g 4 4
ZH=ZES 7} 500 yg/mL EX 1,000 g/mL
£ 48A17F Bt A5t

4. MTT(3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) &3

HepG2 AIZE 96 well plateol] 4x10* cells/
well2 v, 24417 of ZF well & &gt &
& 9 FAFEESZ 7ZF 100, 250, 500, 750,
1,000, 1,500, 2,000 wg/mL s=EE A2|5}%
oh 48A17F &, ZF welloll 100 pgl MTTE A7t
Skal 4A1I7F B9t BESAIFT XS AAT H,
AolQl= ME oA A4dE formazan 2
100 xL DMSO°] &sfstgltt. AlE BE&>
SpectraMax i3 microplate reader(Molecular
Devices, Sunnyvale, CA, USA)E AR&5}o
570nmollA] 45ttt BE A= 33 vhEs

T35kt

%
O

o rlo

5. Oil Red O M

HepG2 MZE 10% formaldehyde -8<oj
3087 173t &, A0 Oil Red O o2
2027 HASIRlH. o]F SRR AAT H, &
17 (Olympus CKX 41)2.2 FAH A& 7z

3 ofulA|E Festeict,

AEEES 40vte]9) 458 C57BL/G) 873
TRAE T YA EE(Seoul, Korea)ollAl
dste] 157U 5 chow 402 HGAIZ &,
H(randomized block design)ol]l @} 472
2 o] 1252 AES stk (1) 37444
°](10 kcal% fat)g =18t ND(Normal Diet);
(2) IAHA]0](40 keal% fat)S Fost HFD
(High-fat diet); (3) HFDE &9l 0.05%
(w/w) LT 855252 Ao|E33 LLTZ(HFD
+ low dose of LT); (4) HFDE JoI5tx 0.1%
(w/w) LT @325 Alo|E33 HLTHHFD
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+ low dose of LT). A¥EE2 449 /i
cage QoA AY Alojet A5 A{EA HH
(ad libitum)st==E 3stgoH, ARSAle e
22~24T, 5 45~55C, 1242k 7+49] light
cyclex FA5H. 5242 HAEHTY 5&
AP 9Y5]9] SRAKNU 2023-0115)0& B
o} ZIg¥st3it.

15]
=
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7. o8 H Az #H

AN T AR 12412 FEAIX] RAE
isoflurane(5 mg/kg body weight, Baxter,
USA) &94o= mhHgt & 7jEste] £ (portal
vein)olAl EHE AFstL F71E AE5HH
YF 5t AL heparin 2 X A|FHo] =
Al 4% H, 1,000%g, 4ToA 1587F YAE
gJsto] S RS s 0.9% 4324
AR 2H AIAT & SR 111 BlEE &Y
sto] §&(hemolysis) sk, ABHE +4
St He Alges 24 A7 -70T Eakst
At

—

8. Al0| B3E, S /1 &« A0l 28
AT Ao dFF2 A9 712t 125 Bt s
1514 2451900, o] A8(food efficiency
ratio: FER)}Z ¥9¢¥ AT 37FE ¥ oluA

AFEoR W ke A8t

3

B[

9. Dual-energy X-ray absortiometry (DXA)
=X
= O
Z AAYET AAFES A = 15 A
oo x| XA S+AZH(DXA; InAlyzer Dual
X-ray Absorptiometry, Medikors, Seongnam,
Korea)= AR&sto] S4stqit. 2z nheAo] A
JE2 dH] AZEQ0}E of&sf EAI5tloH,

AAY2 F2A, ARG s o= BASHAH.

2 39, F=2H2HE 2 glutamic
oxaloacetic transaminase(GOT)?} glutamic
pyruvic transaminase(GPT) A Ex o}AkA|2F
(Asan Pharm Co., Seoul, Korea)9] &4 kitZ
ARgsto] S5kl @ fFEAAF S48
AHE o] &t A Y2 E o3 [ A4
=48 AlM(Non-esterified fatty acid, NEFA
kit, Wako, Osaka, Japan)& Ar&sto] 4519
. @4 cytokine(IL-18 and TNFe) 3HF =4
2 Multiplex detection kit(Bio-rad, Hercules,
CA, USA) ¥ Luminex 200 labmap system
(Bio-rad)& AR&ste] S35l

E=S)
Z2 9] gHeH] HES Asf 1 229 dRE
At 37|12 Adste] 10% formalin 84
(sigma-aldrich, St. Louis, Mo, USA)°| 1%
o &, EFZ0 Aagsta g IS AA w
ghrlo g Rujsiict. ZujE £A2 FA 4 um
& ddZ AFtete] 72 &7toltof Rt H
hematoxylin&eosin(H&E)(sigma-aldrich, St.
Louis, Mo, USA)C2 FMsI9ict nE gAE
AEe s (Nikon, Tokyo, Japan)o&
2004 Hl&= TESIA

C

N
N
el
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Pl
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AT
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|2 FE51H. FEAS 37C0A dartas
2 3MAA  isopropanol(sigma-aldrich, St.
Louis, Mo, USA)E 343t &, AF-Z 9o 84
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Table 1. Primer sequences for real-time PCR

Experiment Gene name Sequence (5" - 3)
SREBP-1 F: CAC CGT TTC TTC GTG GAT GG
R: CCC GCA GCA TCA GAA CAG C
P2 F: GGG CCA GGA ATT TGA CGA A
In vitro R: GTA CCA GGA CAC CCC CAT CTA A
FAS F: AGG TGG TGA TAG CCG GTA TGT
R: TGG GTA ATC CAT AGA GCC CAG
A F: TGG AAG GAC TCA TGA CCA CA
GAPDH R: TTC AGC TCA GGG ATG ACC TT
Caspase-3 F: AGT CAG TGG ACT CTG GGA TC
R: GTA CAG TTC TTT CGT GAG CA
In vivo Caspase-8 F: TGC CCT CAA GTT CCT GTG CTT GGA
R: GGA TGC TAA GAA TGT CAT CTC C
GAPDH F: TGC AGT GGC AAA GTG GAG AT

R: TTG AAT TTG CCG TGA GTG GA

SREBPI, Sterol regulatory element—binding protein 1; aP2, adipocyte protein 2; FAS, fatty acid synthase;

GAPDH, glyderaldehyde030phosphate dehydrogenase.

Aldlo| 835HA|2 3 mM cholic acid(sodium
salt)2} TA Al dojut= B (turbidity)E AlA
5171 9J5t9 0.5% Triton X-100(sigma-aldrich,
St. Louis, Mo, USA)E &35, XA JEZ 3
=% T @ AAAE 9 S AEHE FFHET
YA HForTt.

13. M7 st g4 SYE 2N

Ay dismutase(SOD)+=

Ay superoxide
superoxide anion radical (0;)& H0; ¥ O,

2 Eofok= Bke= SMiste aaRA B4 &
82 Marklund(1974)9] < ol-&sto] Uz
2] AeollA pyrogallol®] AFsAtsto] ot LA
BEE ol&sto] S5kt Catalase(CAT)=
H0:5 HO 2 O,& Edfiote I ot &4
T E5H Abei(1974)9] WHog2 ZA5
Glutathione reductase(GR) ST+ Akstd
glutathione(GSSG)7} NADPH ¥ GR9] #-&o&
39 glutathione(GSH) & A%kE o] NADPH
7} #Aske HEE Pinto(1969)2] WHE ol

sto] 245199t} Glutathione peroxidase(GSH-

I~

Px) @4 %= Paglia®t Valentine(1967)2] %

2 olgate] 2atint

14. HEX AAIZH PCR(Quantitative real-time
PCR, RT-gPCR) £

HepG2 A2 2 SEAAS 7+ 224 F
RNA= TRizol& ARgste] Z2]3H3irth. & RNA
(1 ugZH¥E cDNAE reverse transcription
kit (Elpisbio Inc., Daejeon, Korea)E ©]83
of 45ttt RT-qPCR2 RNase-free water
(Enzynomics Co., Daejeon, Korea)= 3]43t
cDNA, SYBR Green(Enzynomics Co.) & Xz}t
o]H(Genotech Co., Daejeon, Korea)S AR
oto] =35t tHTable 1). dlo]g 42 CFX
Duet Al&8e AMESIIoH, CT #2 GAPDH
2 A fstaitt

B

15. Western blot2 0|28 THHHZl HI5{ 4~

=
2

M

7+ 22 &AL Pierce BCA protein assay

kit(Thermo Scientific, USA)S AR83to] A=
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Table 2. Antibodies used in a Western blot

Gene name Molecular weight(kDa) — Dilution factor Source Company Cat NO.
PPAR @ 52 1:1000 Rabbit invitrogen PA1-822A
PGCla 91 1:1000 Rabbit abcam ab54481
GAPDH 37 1:1000 Rabbit cell signaling #2118

PPAR «, peroxisome proliferator—activated receptor alpha; PGCl a, PPAR gamma coactivator 1 alpha; GAPDH,

glyderaldehyde030phosphate dehydrogenase.

Sttt T AlR= 10% SDS-Z&jota ot}
olt Ao H7]¥g&% ¥ PVDF HEZIc=E A
o[5Iqitt. o]F 5% BAEF(TBSOl| 0.1% Tween-
20 ZFHE A4 A7 B9t E2ASHe
TBS-TZ AlAg &, HEH IS 12} A2 A
4°CoflA st B9t vEAIFTE Bl TBS-T=
AL 5, 23 A9} A-20lA] BESAIFTE A9
Al 7Y H= Table 20f AASISATE Tld W=
WESTAR ETA C ULTRA 2.0(XLS075,0100,
Cyanagen)& AR&sto] AE5H30™, Fusion
evo-6 series I AZEo|(Vilber Lourmat,

France)& °1&3 A4t AH.

16. SAXZ

2 AHS B Pojxl Ail= SPSS(Statistical
Package for the Social Sciences ver 23.0,
SPSS Institute Inc., Chicago, IL, USA)E o]&
St} A EASHlth. 2E A= mean *
S.E.(standard erron® YWEFHACH, NDw}
HFDw2te] 2l A4S 91sh Student’s t-test
£ AAlskaL, Aol & 79| ROl AR
EAHEA(ANOVAS 3 & pd0.05 F=E0lA
Duncan’s multiple range testol] 2J3} A45Ic)

1. HepG2 MIZOj|A{ EH2t =
HepG2 MlZojA BiZHIT)9] 94525 ¢ 9
BLS 589 NEEAS FUIeIHtHFig. 1A).

K

M

%
I

o foh
oIr

=

El

g0 d4FEE 9 oghEFEE B5F 2,000
ug/mle] s oA A EE/gE YERA] ottt
9] X4 4 JA a1 gRlshr] H9l
HepG2 AIZOA 5 mM A4S A2t & &)
& G432 E 9 oeeSEE 47 500, 1,000
wg/ml =2 Aot Ax W AFFFS Oil
Red O ¥4Z &3l B7Fst3ithFig. 1B). @vl73
Tz A3 AAE A7) HepG2 AlxE A4
2] tizat g g Aol HEE I Bt
A, 8t G52 E 4 S SEE AFA
L 24 ZZo] 890 ZHAslion, 1,000
ug/ml FEofA 9 ofgt B W2 F=21 500
ug/mloA % A& FHo] dASHA Aottt
2o ARt A 858 k] el ARt
ARS A gt HepG2 AlxolA 7+ Aol &
4] ¥lo]Qu}AQl SREBP1, aP2, FASY wHdS
RT-qPCRZ EA3}%th(Fig. 1C). SREBP1E 7t
oA 2L A%AF $H(de novo lipogenesis,
DNL)& XEoh= 4] HARIRE, TIA 4]0
S WA A=l s 93t Moon et al.
2012). ¥4 23, 95t 2252+ (g
L F7)9} BAQlo] SREBP1 W3S FA3] 9
Alstlct. =3t SREBP19] 519 34 whda &
X1 aP29t FASQ] Wd GA| AHAito 2 s
HepG2 A|ZolA Het 2EE Aol osf /2
o} aP2= Al W Akt g4

P kS Tk Al2d o

19

2
k
E[\l
B
_?L
30

-

1

19w

= =
2, A A EAE Y AT 53T 952

l



iRt 229 BE0| IX|UA0] HITIRE0 M2 MlAE AR 7t IS0 OIXl= & 409

(A) vw LIE

z z

Eﬂm E

£ £

§ ¢

[ g

3 3

F i F

i hid 3

.E L -E s

CON 100 250 500 730 1000 4500 2000 CON #00 250 500 750 1000 4500 2000

(B) CON FFA FFA +LTWS00 FFA +LTW500 FFA +LTEL000 FFA +LTE1000

. ic.l,nv,. i
hey s Es -- ot H

©) aP2

i E 5

£ EZ £
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FFAGmM) - + + + + + FFAGmM) - + + + + + FFAGmM) - + + + + +
LTW (pg/mL) - - 500 1000 - - LTW (pg/mL) - - 500 1000 - - LTW (pg/mL) - - 500 loO0 -

LTE (po/mL) - - - - 500 1000  LTE (pg/mL) - - - - 500 1000 LTE (pg/mL) - - - - 500 looO

The data are presented as the mean * S.E. ®Means not sharing a common letter are significantly different
among the groups at P<0.05. (A): Cell viability. (B): FFA-induced lipid accumulation determined by Oil Red O
staining (x200). (C) mRNA expression of lipid accumulation-related genes (SREBPI, aP2, and FAS).

FFA, free fatty acid; LTW, Lycopus lucidus Turca water extract; LTE, Lycopus lucidus Turca ethanol extract;
SREBP1, Sterol regulatory element—binding protein 1; aP2, adipocyte protein 2; FAS, fatty acid synthase.

Fig. 1. Effects of Lycopus lucidus Turcz on cell viability, lipid accumulation, and lipogenesis-related
gene expression in HepG2 cells.

SA71E Aoz g AtKFuruhashi et al. 2. MIE, 20| 83, Aolgs H MR Het
2015). FASE A4 gHdo] a4 a4, A AZAY Axh, AH7E 73 g3o] Qlof Eigt
- RHpBHE Alo]of| o] Wdo] F7kstH 7+ U LT) EFF28d FHFEE 1 F2T o7t
A4 S EXRTHGao et al. 2023). % ASS solstgion, st 7M5AS aElsto]
Ao "t FEEL & §ujot oA 500  EEAINL HF d54FEE0 ey 559

ug/ml °142] &=olA SREBP1, aP2, FAS 5  7}3s} 3| 2]
A g B Ae] dd e Ao =N 4 O]Z(HFD), TAHHl0]+ A et grzzn
P02 FieE HepG2 AIZS] A2 AT HFAALT), TARAol+IsE Bt d53d
T 52 AARITE E3E 7154 AR AAEAY 2 HEIHLTOE o] 1237 ARe3tart

8 7HsAg AT o, AZ HI80] £ FH A Wk Alo] HHY L Aolag w4 An
G4 94 35 ZAWORE A7 M EHE  Table 30 AT HFDES NDZ] w]3]
WY 5 eS HelEn A% A%, 9Y AF 3 9L oI 4G

% Alo|Ego] B APl F7Hstol LAY
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olo] ozt H|gt F&rt HFHORE ojRojHSEE  ILHORE JfAES ERIsHtE. AU YA A
golstgich. ¥, LT B39l LLTZ HLT# 2 LLT#T HLT# 2% HFDwRU $-95H
2 3F ASH 49 AF S7FFo] HFDe H] uotoy}, Alo]a-8S HFDTY SAZ0 R {9
3l f-oJstA s, st TAglo] Hgto] & gk zZpo|7} QIgiet. whebA "igh B3ol ot AlS

Table 3. Effects of Lycopus lucidus Turcz for 12 weeks on body weight gain, food intake, and FER
in HFD-induced obese mice.

Experimental groups

Measurements D D LT LT

Initial body weight (g) 19.46 + 0.56 19.45 + 0.38 19.44 £ 037 19.45 =+ 0.39
Final body weight (g) 30.06 + 0.73°" 4538 + 097 3729 + 1.32° 3642 + 1.84°
Body weight gain (g/day) 0.10 + 001" 025 =+ 0.01° 0.19 =+ 0.01° 0.19 =+ 0.01°
Energy intake (kcal/day) 1560 * 026" 2051 + 088 1622 =+ 0.27° 16.48 + 0.24°
FERY 0.006 + 0.00”"  0.013 % 0.000 0.012 + 0.001 0.012 + 0.001

The data are presented as mean # S.[E. Significant differences between HFD versus ND are indicated;
""p<0.001. *®Means not sharing a common letter are significantly different among the HFD-fed groups at
p<0.05. ND, normal diet (AIN-93G, n=7); HFD, high—fat diet (60% kcal fat, n=7); LLT (low dose of LT,
HFD+0.05% Lycopus lucidus Turcz water extract, n=7); HLT (high dose of LT, HFD+0.05% Lycopus lucidus
Turcz water extract, n=7).

PFood efficiency ratio, body weight gain/Energy intake per day.

Fat mass (%) Lean mass (%)

%
Yo

The data are presented as mean # S.E. Significant differences between HFD versus ND are indicated;
""p<0.001. *®Means not sharing a common letter are significantly different among the HFD-fed groups at
#0.05. ND, normal diet (AIN-93G, n=7); HFD, high—fat diet (60% kcal fat, n=7); LLT (low dose of LT,
HFD+0.05% Lycopus lucidus Turcz water extract, n=7); HLT (high dose of LT, HFD+0.05% Lycopus lucidus|
Turcz water extract, n=7). In the DXA image, the red areas indicate body fat, whereas the blue areas indicate
lean mass.

Fig. 2. Effects of Lycopus lucidus Turcz for 12 weeks on the body composition measured by
dual-energy X-ray absorptiometry (DXA) in HFD-induced obese mice.
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St
2 AAYES &
dAQel HEDZOl B3] FefstAl S7HA T
(p<€0.05). ol=fet A3h=

AGA] o] 2 H|uko] w2 AR 27} 9

A==

gt IeFEE B30l

AR #aE AAdshe B AL 7R Al
Qi

3. BN MafsiE 24

Bt G432 E B3 0 2 KT
SHAE, EF2EHE 5% HSk= Table 40 A
AlSEAE}. IAFAOIZH(HFD)E /4] °l(ND)
off wlsf @4 F2ATAHP<0.01), F8AA(TG)

(p€0.001), EH2HIE(p<0.001) =7t 25k
Al Z7Feto] ol X AEZo] FEE it 1|t

Aolof ozt Hrt AJHjolA= el AFAel &
HEEH, ol A2 AEsE S48 2%

FEARA FEE =o]1, A og Tt
e Ad FHE 2Yst] APRE &
(Kuen et al. 2016). E3SF 7+ U S4x29]
%22 VLDL At Fols fdste] 2% 5
4 9 ZYAHE 5= S0 7ozttt wEhA
TAGAolo] ofsf AHzto] APHSE EF &
YR SHAE, SEAHE s A S
St Heeren & Scheja 2021). $HH, 1X|H4]0]
£ 7R @ fEAAE S84, S AEHE
e 9 IdeFEE E3WH(LT, HLT)OIA
HE FOsHA FAastiler, o= "Hgt A9
o] At JiAe] BatE Y s AlARIT.

B3 ARIEZRRIQI IL-189F TNF-e+= A1t

A0t A IR fste] A1

g}
=

St
)

=
A]

ox K

=2 0

A

- O

[>
|m

AF, Ha5E X% HDay & James 1998).
E75] o]F ARIEFRRIY EF 22 T 2 o
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Table 4. Effects of Lycopus lucidus Turcz for 12 weeks on the plasma lipid and cytokine levels in

HFD-induced obese mice

Experimental groups

Measurements D 5D LT HiT

Free fatty acid (mmol/L) 0.87 * 0.06" 1.47 + 0.12° 1.03 + 0.09° 0.98 + 0.07°
Triglyceride (mmol/L) 138 + 0.06™" 2.68 + 0.13° 1.76 + 0.19° 1.74 + 0.08°
Total cholesterol (mmol/L) 375 + 0137 5.65 + 0.26° 430 + 0.28° 429 + 0.17°
IL-18 (pg/mL) 8.66 + 0.127 22.62 + 2.39¢ 16.03 + 1.11% 13.94 + 0.71°
TNFa (pg/mL) 0.60 = 0.02" 0.81 + 0.04° 0.56 + 0.03 0.58 + 0.03°

The data are presented as mean *+ S.E. Significant differences

between HED versus ND are indicated; ~ p<0.01,

""p<0.001. “"“Means not sharing a common letter are significantly different among the HFD-fed groups at
PX0.05. ND, normal diet (AIN-93G, n=7); HFD, high—fat diet (60% kcal fat, n=7); LLT (low dose of LT,
HFD+0.05% Lycopus lucidus Turcz water extract, n=7); HLT (high dose of LT, HFD+0.05% Lycopus lucidus

Tircz water extract, n=7).
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The data are presented as mean * S.E. Significant differences between HFD versus ND are indicated: ~
p<0.001. *Means not sharing a common letter are significantly different among the HFD-fed groups at
20.05. ND, normal diet (AIN-93G, n=7); HFD, high—fat diet (60% kcal fat, n=7); LLT (low dose of LT,
HFD+0.05% Lycopus lucidus Turcz water extract, n=7); HLT (high dose of LT, HFD+0.05% Lycopus lucidus
Turcz water extract, n=7). (A): Liver weight. (B): Hematoxylin and eosin (H&E) stained transverse—section of
liver. (C): Hepatic cholesterol and triglyceride levels. (D): Plasma hepatotoxicity biomarkers (GOT and GPT).
(E) Western blot analysis of hepatic fatty acid oxidation-related markers (PPAR a and PGCla). GOT, glutamic
glutamic pyruvic transaminase; PPAR«,
receptor alpha; PGCla, PPAR gamma coactivator 1 alpha; GAPDH, glyceraldehyde phosphate dehydrogenase.

peroxisome proliferator—activated

Fig. 3. Effects of Lycopus lucidus Turcz for 12 weeks on the liver weight, morphology, hepatic
lipid and hepatotoxicity marker levels, and fatty acid oxidation-related protein expression in

HFD-induced obese mice.
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The data are presented as mean * S.E. Significant
differences between HFD versus ND are indicated;
"p<0.05, 'p<0.01, "p<0.001. **Means not sharing
a common letter are significantly different among the
HFD-fed groups at p<0.05. ND, normal diet (AIN-
93G, n=7); HFD, high—fat diet (60% kcal fat, n=7);
LLT (low dose of LT, HFD+0.05% Lycopus lucidus|
Turcz water extract, n=7); HLT (high dose of LT,
HFD+0.05% Lycopus lucidus Turcz water extract,

Ak

n=7). (A): Erythrocyte antioxidant enzyme activities
(superoxide dismutase, catalase, glutathione reductase,
and glutathione peroxidase). (B): Hepatic apoptosis—

related gene expression (Caspase 3 and 8).

Fig. 4. Effects of Lycopus lucidus Turcz for 12
weeks on the antioxidant activities and
hepatic apoptosis—related gene expression
in HFD-induced obese mice.
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