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ABSTRACT

The purpose of this study was to investigate the effects of a dietary intake of Prunella
vulgaris var. lilacina Nakai ethanol extract (PVE) on lipid metabolism and fibrosis in the liver
tissue of diet-induced obese mice. Prunella vulgaris var. lilacina Nakai (PV) is a perennial
herbaceous plant belonging to the Labiatae (Lamiaceae) family and is a natural material that
has been reported to have antioxidant and anti-cancer effects. C57BL/6] mice were divided
into 3 groups and fed a normal diet, a high-fat diet (HFD), or a high fat + 1% PVE (w/w)
diet for 12 weeks. In hematoxylin & eosin (H&E) stained liver tissues, the HFD group showed
an increase in the number and size of lipid droplets, but these were rarely observed in the
PVE fed mice. The hepatic lipotoxicity markers, plasma glutamic oxaloacetic transaminase
(GOT), and glutamic pyruvic transaminase (GPT) levels were elevated owing to the high-fat
diet intake but plasma GPT levels showed a significant decrease on supplementation with
the PVE. Moreover, the PVE improved adiponectin dysregulation, and reduced blood glucose
imbalance due to insulin resistance, thereby inhibiting fibrosis of the liver and adipose tissue.
The PVE caused an excretion of lipids from the body as feces, thereby lowering the lipid
content in the liver tissue and increasing the accumulation of hepatic proteins, thus contributing
to improvement in liver health. Our findings highlight the potential of the dietary effects
of the PVE in the prevention of hepatic lipotoxicity and fibrosis.
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SKhepatic fibrosis), 7Fd¥HZ(liver cirrhosis)
59 FE= WY A7t STk FAlolthPark
et al. 2006). &3] H|EISA AH7Hnon-
alcoholic fatty liver disease, NAFLD)2 AU
A& AL Aol Qlsf TRt x|Eo] 7 Ao &
Zx]o] WA= Ao|thPark & Park 2018).
3t Aol =W 519 NAFLDS| FHES
51.4%2 =2 H5S UelfAtHlee et al
2007). NAFLD= URH0= tixseo
ZolH, Blgh, AEIAES 9 Qed e &4
5ol &5 fi2dol Aok T3 NAFLD= 7M1=
7} £AEE HYTed AP (non-alcoholic
steatohepatitis, NASH) 2.2 o}glsl=¢|, o= 7+
S 7RroE WHET Aol fklo] Hrt
(Malhotra & Beaton 2015). 134+ NAFLDS}
NASHO| o & =5 93t AFol= EFstaL
2740 AgARE Befdl AL vHgt A7golrh
(Ibrahim et al. 2013). &3] &8 FHlol=
g o] ofd FARgo] A2 HAdE AAE ol
B3 71573418 A9 7ido] a5t Bray &
Tartaglia 2000).

St 2(Prunella vulgaris var. lilacina Nakai)
= EE3HLabiatae)dl &ot= thady 2EAEQL
EE(labiate)] AV 25 I Zolth st

%29 F4HEOoZE= Ursolic acid, Oleanolic
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), EO\A
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acid, Rosmarinic acid §°] $13(Yang et al.
2016), £3] Ursolic acid®} Oleanolic acid=

3l %9] A FE AJEOo|tHKim et al. 2000). st

% 8ol e ditst 3 It B A
e ) e ) B oz JAket 9 gt B4

o] 37K ™(Seo et al. 2010), 3tz FEE]
95t gASHHwang et al. 2013), ¥L(Hao et
al. 2016; Li et al. 2010), & 7Hd43KHu et al.
20160) 59 &l Hixo] SQlth FHRERl
Ursolic acid= @ # A THR5 74l
59| &= Aog BuFEItMancha-Ramirez
& Slaga 2016; Kwon et al. 2018). E3+ 2&3}
A5 % 59l AAYE rosmarinic acidE 34
2O= shH, gASTT W HYIZA AT A
Aof| tigt 93t 852 7HIHAL BalEo] Qlk
(Choi et al. 2020). skaLzo] o3t FAlst 9 g

o TR AT A, Sk FEE AR 4

o

1. deiii=

E J39] A9 A== Pureherb(Yeongcheon,
Korea)2H¥ Uit shix(A%) &S FUst
of ARESIlH stilxe 70% oflehE2 ARE-SHo]
SAIZE B9t 223 S50, FEE2 o1,
5 F 527xst 70T Byt § FEAH

AR stz & 88 24.0%013

AR 438 C57BL/G] 34 UREAS @
ZOIAH=E(Seoul, Korea)ollA] ste] A4
oA 15Ut chow 2ol AlgatH 2-A|A A

Hof] ARE5199t. YR (randomized block design)
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Table 1. Diet composition for the animal experiment

Experimental groups

ND HFD PVE

Ingredient (g)

Casein 200 265 265
Corn starch 397.486 0O 0
Sucrose 100 90 90
Maltodextrin 132 160 160
Cellulose 50 65.6  65.6
Soybean oil 70 30 30
Lard 0 310 310
Mineral mix" 35 48 48
Vitamin mix” 0 21 21
Calcium phosphate, Dibasic 0 34 34
TBHQ, antioxidant 0.014 0 0
L—-Cystine 3

cholin Bitartrate 2.5

Perilla vulgaris ethanol extract 10
Total () 1,000 1,000 1,010
Total energy (kcal) 4000 5,220 5,220

ND, normal diet (AIN-93, n=7); HFD, high—fat diet
(60% kcal fat, n=7); PVE, (HFD+1% Prunella vulgaris
var. lilacina Nakai ethanol extract, n=7)

VAIN-93G- Mineral Mixture

YAIN-93G- Vitamin Mixture

of wel 370 Uteo] 1257 AS AYsHe
on, AJo] 24 @ FL Table 13} 2t} 58 4
B4 ALS ZAL L 22240, T 45~55C,
12412F 2H49] light cycle AJ3t], 2zt
cage S AMESIgIOR, AF Aoloh A4t A
87 4Had libium)3t=S st FEAE
o BEshL S2ugenUslel SARNU
2017-0109)Z Hro} Zgs}3ict.

3. oif H Az =H

ZF 12%F 3, 4530t 1247 35 5 uh Qlo]
1] P Fl @S S A = Al
Ao 12A17F FE A7l ukAE isoflurane(5
mg/kg body weight, Baxter, USA) &U& 53|
opFste] ZAES &, tieHoRRE AEE A
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IXI =
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AT
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% 94, SEEAHE, HDL-SHAHE

5L 9 glutamic oxaloacetic transaminase
(GOT)%} glutamic pyruvic transaminase(GPT)
A= oA 2K Asan Pharm Co., Seoul, Korea)
o] a4 kitE ARESto] S5kl 24 A
A 8L BAHES o83 TN YEE ol8%t
FEAPA =98 Al (Non-esterified fatty
acid, NEFA kit, Wako, Osaka, Japan)& Ar&5}
of &4319tt. @3 apolipoprotein A-1 (Apo
A-1) ¥ apolipoprotein B(Apo B) &%+ Apo
A-1 % Apo B A& kit(HAHfkA&it,
Tokyo, Japan)& ARgste] Zsilth &%
adipokine(leptin and resistin) ¥ o}t 324 €| 9]
3F =42 Multiplex detection kit(Bio-rad,
Hercules, CA, USA) ¥ Luminex 200 labmap
system(Bio-rad) & Mouse adiponectin/Acrp30
(R&Dsystems™ a Bio-techne brand, Minnesota)
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BM(sigma-aldrich, St. Louis, Mo, USA)SZ
g3 & AFEE E4eola wetul o g wujsiel
th 2ojE 24 4 pme] FAR A2 79 &2
ol=o] H&sto] hematoxylin&eosin(H&E) %
Masson's trichrome(MT)(sigma-aldrich, St.
Louis, Mo, USA)2.2 AM5l9th HE A= M
Z2 3stv]%(Zeiss, Oberkochen, Germany)
07 200Hf&0lA TSI

{2 AAL Folch(1957)9] W< ot &
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Table 2.
C57BL/6J mice fed a high—fat diet

Effects of PVE intake for 12 weeks on body weight gain, food intake, and FER

20| UXLA0] S0 OrRA9] ZF XIE CA0) O|X|l= &gk 455

Experimental groups

Measurements
ND HFD PVE
Initial body weight (g) 20.99 + 0.36 20.95 + 0.35 20.93 + 0.33
Final body weight (g) 3177 + 0.54 46.82 + 0.74° 46.42 + 1.05°
Body weight gain (g/day) 0.13 £ 0.01° 0.31 + 0.01° 0.30 + 0.01°
Food intake (g/day) 3.15 + 0.13° 276 + 0.07° 2.93 + 0.09*
Energy intake (kcal/day) 11.97 + 0.53° 14.08 + 0.16° 1496 + 0.29°
FERY 0.011 £ 0.000° 0.022 + 0.000° 0.020 + 0.001°

The data are presented as mean = S.E. Means not sharing a common letter are significantly different among
the groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE,
(HFD+1% Prunella vulgaris var. Ililacina Nakai ethanol extract, n=7).

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

FEEY AolE B BFE vheAl S A% A2, AdE WA 9 AR o]
o F-9J2Q1 a¥h= {IIAIEE, Ao] A-&o] Zass} A= Aokl Hls ALAA] ool A -F-o] 4]
£ 202 Y} FUT Alo] A3 Alofle AlFe] o= JF7F6ISlt ol AAAo]& QIgE oy A
AT Ao woEch A3 vlgo] =7] WiEo 2 wtEm, o]E 59
T AFAolo] ot BIYE R} F o]Fofd A
2. A7| =2 U =715 X[UMEZ F7| USstAt stk 4 FEE B3O o9 A
31 Al AE o ARZ 9 FAE ST & ZA Z=F =22 Ay} IAPA]o|#£1} H| WSS
A5 100 g T & FAR AASHAHFig. 1A). o F2JAQ AlolE UEHA] ktth
Al 9 A2, A7 AR R )s) FHugh ARz 0] gejehy JA Aibe
B e
A %‘/‘?‘; NP o2 E
R Adipose tissue weight V_VVJ »/;:3/*\ ‘:
Masson’s trichrome

The data are presented as mean + S.E. ®Means not sharing a common letter are significantly different among
the groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE, (HFD+1%
Prunella vulgaris var. lilacina Nakai ethanol extract, n=7). (A): WAT, white adipose tissue; BAT, brown adipose
tissue; Visceral WAT = (epididymal + perirenal + retroperitoneum + mesenteric) WAT; Total WAT = (interscapular
+ subcutaneous + visceral) WAT. (B): Hematoxylin and eosin (H&E) and Masson’s trichrome (MT) stained

transverse— section of epi WAT (x200). The result of MT staining indicates layers of fibrosis (blue).

Fig. 1. Effects of PVE intake for 12 weeks on adipose tissue weight, adipocyte size of epididymal

WAT in C57BL/6J mice fed a high-fat diet
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Table 3. Effects of PVE intake for 12 weeks on plasma lipid and adipokine levels in C57BL/6J mice
fed a high—fat diet

Experimental groups

Measurements
ND HFD PVE
Free fatty acids (mmol/L) 1.03 + 0.04° 0.81 = 0.04 0.92 £ 0.06
Triglycerides (mmol/L) 1.25 =+ 0.14 1.37 + 0.08 1.26 = 0.07
Total cholesterol (mmol/L) 370 £ 0.17% 5.65 + 0.24° 5.75 £ 0.17°
HDL—cholesterol (mmol/L)Y 0.75 * 0.03° 1.18 + 0.06° 1.23 + 0.08°
nonHDL—-cholesterol (mmol/L)? 296 + 0.16° 447 + 0.19° 451 + 0.12°
Apo A-1 (mg/dL) 82.76 + 1.36" 81.40 + 1.33° 87.41 + 2.92°
Apo B (mg/dL) 7.01 + 0.46 8.48 + 1.76 9.35 + 2.63
Adiponectin (ng/mL) 592 + 0.48 494 + 047 5.65 + 0.69°
Resistin (ng/mL) 463 £ 1.33° 1886 + 3.77° 1295 + 3.17°
Leptin (ng/dL) 1.82 + 0.60° 8.00 + 1.61° 6.23 £ 1.51°
L:A ratio” 031 + 0.27° 1.64 + 0.87° 111 + 0.65°

The data are presented as mean + S.E. Means not sharing a common letter are significantly different among the
groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE, (HFD+1%
Prunella vulgaris var. lilacina Nakai ethanol extract, n=7).

YHDL-cholesterol, high density lipoprotein—cholesterol.

ZnonHDL-cholesterol, non—high density lipoprotein—cholesterol = (Total cholesterol) — (HDL—cholesterol).

9L:A Latio, leptin:adiponectin ratio.

Fig. 1B9] Ureholth. HYER Q4% 2k 14 493t 94| bt 98 Ao Az,
Hpaole] AP Z7)7t el zut

o slux 24 328 BEOR s A 3. Y MBI ZAL
Ame] 2717 et AS Bt 219 1z 74 228 B30 I Y RYAY
MT A2 M, 463, Al 9] 71hat Heo. FAANA, SY2EE 9 o EATNR HA} B
2 sk Ayl dRoR Guso] 34 ﬂ% Table 37 2t} 8% F4Ae] 49 BE
jnl, ol Hgste] XX AGHHCheung et F 1) RuI Aol gigick. A4l
al. 2010). 3} 4 &80 HFog g Y FFILHE A9 HDL-EH2HE,
Ak 20| 4930 u]Ae JeFS Lokkz] ©]  nonHDL-ZHLHE SE: HAlols HH

3 AT MT QMo TAHFAlo] &7 Az THO 761, stk £ FE2E H3HY
3 HFDw-Q] Hagh Waz|atzz] G35t A 785 A Aol FAIA o]t Aol Lt

o] APEIgloL), Sk 24 328 BEor U Uskth B ofEAD A-1(Apo A-DS] 7
QU5 HGIE AT AL BAGAT Park e 20 Bl TAFAlRY Fulgt Ho]

al.(2005)9] ¢i7o] oJstd P EHS PFF  7F 8leY: shlx Y FEE HIwlA 72
Qi avbael W AHE 3712 2Hst  HOoR A Uehidth Apo A-12 llA HDL-
Aol vrc). uleby 1z 2 2258 B2 ZY2HEY F8 ©E Agiolw, % Apo
IARAo] G vt %t AWAE BTl 2 A-19] ETF W2 B A 2] EA4) AR

fo rr 4>
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9 =20 A5t = ARE ARMRHCKEttinger 7} leptin?} resistin 52 TA|HHAJo]Zo] B3]
et al. 1992). FolZRl Zol7h QIUAIRE, IAHAlo] HF ol

AGA|ZoA BH|E= oft] 271R1(adipokines) 3 74" E3 olg]xdEle] =r2 9ojxog
2 A IS4 AIEFIRI(cytokines) ASIAAE S7HRFET Qled AP A= AREE=

A5 skl Xd IS dor|w TAE leptin:adiponectin ratio (L:A ratio)= TAHH4]
&4, 8% 4 AR5 SX8tHDay & James oo A Z7lstANt, stz 24 =
1998). £79] resistin¥} ofr] TR XA E & S5 B3FO0E Qg fo4el 7\]'01% ik = A
o] oft|x7IQIC R, FH resistin FE= HITHY 9 AnE Fl shalx 4 FEE2 IATA0]

) F71el Sl AT e ATIAS U4 & HTo] o3 B%F ol EAl]l B Al
Ebhm, AMPKS] 8442 S7HA1A Zoelie] 22 AR gofdhs Zloi Azt
T YIS FaARI, ofEEL e Al

Hro} vigk 9 Qled Aol Q= ARl @4 4. 2t XX =2 SxF GOT, GPT L XXIskd mat
A e £XE Yeldtijung & Choi 2014). & 12374 TAFAlo]& H|RRS SEst ufeAQ]

AoA] stz 4 =&E0 HEo= Qs J 7+ 24 %% Hok= Fig. 2A9F 2tk IR0

Liver weight Liver protein quantification plasma hepatotoxicity biomarker
15.00 OND WHFD BPVE
b b ¢

9M00g body weight
O = N W s OO

ND HFD

Masson’s trichrome

The data are presented as mean + S.E. ®*Means not sharing a common letter are significantly different among
the groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE, (HFD+1%
Prunella vulgaris var. lilacina Nakai ethanol extract, n=7). (A): Liver weight. (B): Liver protein quantification.
(O): Plasma hepatotoxicity biomarker (GOT and GPT). (D): Hematoxylin and eosin (H&E) and Masson’s
trichrome (MT) stained transverse—section of the liver. The result of MT staining indicates layers of fibrosis (blue)

surrounding the hepatic portal vein (X200).

Fig. 2. Effects of PVE intake for 12 weeks on liver weight and protein quantification, plasma levels
of glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT), and
morphology in C57BL/6J mice fed a high-fat diet
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AHZ Q18 gdaloltET) 7 27 Fgo] {2 A3t g gRlsh| skl H&E 2 MT B4
Aoz Frleloy, stk 4 28 H3T & JYSIIHFig 2D). H&E 94 23 AYTE
9] 7+ 24| FF2 1AM o] AdFtol Bl A Qe 2A S BFoMor SO Hapog P
S1A] o¥oktt. 7 27 W Tl RS St At ok Aol RS F4oR AN
gAol2e] 7 2& | T gego] 7P W o] ARl 7 27 FejE Holom, 1A
Ao Uepton stz 4 F2E B3 ojF-Z THEHS FAHo=E A1 22 thio] A
i glefo] TR0l Hi fojFog =2 7} ZHE|o] Q)32 TS} olef T A
As WEsItHFig. 2B). 9] FAL stz 4 FEFES HFoE AA

7+ =4 A ER] GOT GPTE ZHA1Eo] A5} 5] Zaslgict. 7 2219) MT A 23}, A4
£ BAEA, 1A, 189, 11E 59 542 o]-9] ZHZuWO] FRiRo] wMo R AjtxZo]
2 QIS A2 e] TR QlEf] EROIA STtk A ZE ERIG 4= USich AFa]olwtt shar
AHo7 dHA QthReitman & Frankel 1957). 2 Y FE2F H357Y 7 2N+ ARk
AL 7F 7] o ofF-E ERlst] flsto] & Atz o] AR Aot wEhA] stk 4
At % GOT ¥ GPT &= 24 21} GOT % FEEZ I 22 FF9 Aaole 2t oy
L= DA ololA Aol ETE RojH o 7F W A £3& 37H171 Zo] ofd, 7+ U
2 371t 1A A]o] HHE Qls St @ TS STMIA A7 7 diAlel HFolohs A
Z GPT &k otk 4 558 B30= Q5| o7 AlmHrh

A 7AasIAckFig. 20). 7F 229] &4 2

Hepatic Fatty Acid Hepatic Chalesterol Hepatic Triglyceride
0.015 042 15

0.012 12

c
c
b
v b 0.08 a b
0.009 02
a - °
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0.003 0.02 03
0.000 } 0.00 + 0o
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Fecal Fatty acid Fecal Cholesterol Fecal Triglyceride
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b
b
The data are presented as mean * S.E. ®®Means not sharing a common letter are significantly different among
the groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE,

(HFD+1% Prunella vulgaris var. lilacina Nakai ethanol extract, n=7).
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Fig. 3. Effects of PVE intake for 12 weeks on hepatic and fecal lipid profiles in C57BL/6J mice fed
a high-fat diet.
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The data are presented as mean + S.E. *®Means not sharing a common letter are significantly different among
the groups at P<0.05. ND, normal diet (AIN-93, n=7); HFD, high—fat diet (60% kcal fat, n=7); PVE,
(HFD+1% Prunella vulgaris var. lilacina Nakai ethanol extract, n=7). (A):

fasting blood glucose. (B):

Immunohistochemistry (IHC) stains of pancreatic insulin and glucagon (x200).

Fig. 4. Effects of PVE intake for 12 weeks on fasting blood glucose concentration and immunohistochemistry
(IHC) stains of pancreatic insulin and glucagon in C57BL/6J mice fed a high-fat diet.



460 SIEX|GALS|METIEIS|X| K32 35 2021

_|L
i
Nt
N,
T
~
=
~
%
N,
olr
z
N
-
i
R
1o
m {1
s
O,
N,
fu)
MU
o

A (pancreatic islet)] H|t= 5

al,
9] Aol =go] @ Aoz AlmHch = d Aefeta 3]

=5 =
References
Al 7t A9k F7ek= Ao, E5] gt
Bech LP, H i t RA, Gerk G,
SHR1 4RI 50% o1 MRS APHNAFLD) 500 Lo e M, Canbay AC012
1y Ado] kEgFo] ot & A7H2 kA 5 The interaction of hepatic lipid and glucose
o = bolism in liver diseases. ] Hepatology
Sreo] TAAlE AT U D AIE metz
e e 56(4), 952-964
FolEA stz £ FE=S B3] vtk ¢ Bray GA, Tartaglia LA(2000) Medicinal strategies
AE7E AN B85S BAsITh TAEHAlo] g ] in the treatment of obesity. Nature 404(6778),
- - - - _ 672-677

e FEotRE W, ohlk 8 22 B8 A Cheung JS, Fan §J, Gao DS, Chow AM, Man K, Wu
3t A= AL UJeRR] Q9rou) stz A& E X.(2010) Diffusion tensor imaging of liver
= - = = fibrosis in an experimental model. ] Magnetic
=20 o) AHolagel Fast Jlos e, ol Resonance Imaging 32(5), 1141-1148
£ 59 LS ouA] Fof A sfalx FAHAFEE Choi JY, Kim JW, Kwon EY(2020) Effects of the
HZO HZ7hao] 7]ojst Aow meksEh wat Perilla frutescens Britton var. acuta Kudo

) . . Ethanol Extract (PFE) on the Improvement of
H|gt gzjol| A ZrAsts 83 oftxdEl 9] 4=520] Metabolic Syndrome and Non-Alcoholic Fatty
1R 2 2ZE BE4 Zrlslgon, 2 Liver Disease Induced by High-Fat Diet. ]
BT Ame 0ol o 1o Al Korean Soc Food Sci Nutr 49, 1045-1053
589 Tk R oR Hasigltt. A4l Day CP, James OF(1998) Steatohepatitis: A tale of
HHZ 27138t 7F 23] ZFL 5l 2 225 two “hits’?. Gastroenterology 114(4), 842-845

Ettinger WH, Miller LA, Smith TK, Parks JS(1992)
Effect of interleukin-1 alpha on lipoprotein
lipids in cynomolgus monkeys: comparison to

HEFOH $2)H9l Wal= glglont 7+ 24 Y

A4 T 7hao} v
- - = = tumor necrosis factor. Biochim. Biophys. Acta
Tz FA =252 M7} 740 A 7 =

AoZ AlrEY, E9] 7+ =4 H7t A& % Folch J, Lees M, Stanley GS(1957) A simple

i)

ol
&
olN
N
X
r
s
i)
2
ot

= = 90] method for the isolation and purification of
. ) total lipides from animal tissues. ] Biol Chem
o= ashe Zo® UErgth et 21 19 226(1), 497-509
ZA vjAdERLS. sl A 2&Eo] Axg Hao J, Ding XL, Yang X, Wu XZ(2020) Prunella
. _ vulgaris polysaccharide inhibits growth and
8} A Alol 2R fox 02 Ftsiert o

migration of breast carcinoma-associated
U x]Ze] BEHoz fibroblasts by suppressing expression of basic
= fibroblast growth factor. Chin J Integr Med



=
_l_Jé

40

1

to

ol
b

26(4), 270-276

Hu YX, Yu CH, Wu F, Yu WY, Zhong YS, Ying
HZ, Yu B(2016) Antihepatofibrotic effects of
aqueous extract of prunella vulgaris on
carbon tetrachloride-induced hepatic fibrosis
in rats. Planta medica 82(01/02), 97-105

Hwang YJ, Lee EJ, Kim HR, Hwang KA(2013) In
vitro antioxidant and anticancer effects of
solvent fractions from Prunella vulgaris var.
lilacina. BMC Complement Altern Med 13(1), 310

Ibrahim MA, Kelleni M, Geddawy A(2013) Nonalcoholic
fatty liver disease: current and potential
therapies. Life sciences 92(2), 114-118

Jung UJ, Choi MS(2014) Obesity and its metabolic
complications: the role of adipokines and the
relationship between obesity, inflammation,
insulin resistance, dyslipidemia and nonalcoholic
fatty liver disease. Int J Molecular Sci 15(4),
6184-6223

Kim HJ, Ji YJ, Lee SG, Choi JH, Lee EJ, Jeong HJ,
Lee SP, Lee, IS(2008) Effects of defatted
soybean grits on lipid metabolism in rats fed
with high-fat diet. Korean J Food Sci Technol
40(5), 580-585

Kim JS, Lee KS, Jang SY, Won DH, Kang SS(2000)
Quantitative determination of ursolic acid
from Prunellae herba. Korean ] Pharmacognosy
31(4), 416-420

Kwon EY, Shin SK, Choi MS(2018) Ursolic acid
attenuates hepatic steatosis, fibrosis, and
insulin resistance by modulating the circadian
rhythm pathway in diet-induced obese mice.
Nutrients 10(11), 1719

Lee JY, Kim KM, Lee SG, Yu E, Lim YS, Lee HC,
Suh DJ(2007) Prevalence and risk factors of
non-alcoholic fatty liver disease in potential
living liver donors in Korea: a review of 589
consecutive liver biopsies in a single center. J
Hepatol 47(2), 239-244

Li C, Huang Q, Xiao J, Fu X, You L, Liu RH(2016)
Preparation of Prunella vulgaris polysaccharide-
zinc complex and its antiproliferative activity in
HepG2 cells. Int J Biol Macromol 91, 671-679

Malhotra N, Beaton MD(2015) Management of
non-alcoholic fatty liver disease in 2015.
World J Hepatology 7(30), 2962

Mancha-Ramirez AM, Slaga TJ(2016) Ursolic acid
and chronic disease: an overview of UA's
effects on prevention and treatment of obesity

20| UX|LA0] S0 OtRA9| ZF XIE A0 DIXl= g 461

and cancer. Anti-inflammatory Nutraceuticals
and Chronic Diseases. 75-96

Park JW, Park JY(2018) Histologic Risk Factor for
Mortality and Development of Severe Liver
Disease in Biopsy-proven Non-alcoholic Fatty
Liver Disease. Korean J Gastroenterology 71(1),
58-60

Park SH, Jeon WK, Kim SH, Kim H]J, Park DI, Cho
YK, Sung IK, Sohn CI, Keum DK, Kim
BI(2006) Prevalence and risk factors of non-
alcoholic fatty liver disease among Korean
adults. ] Gastroenterology Hepatol 21(1), 138-143

Park SH, Ko SK, Chung SH(2005) Euonymus alatus
prevents the hyperglycemia and hyperlipidemia
induced by high-fat diet in ICR mice. J
Ethnopharmacol 102(3), 326-335

Reitman S, Frankel S(1957) A colorimetric method
for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases.
Am ] Clin Pathology 28(1), 56-63

Seo JK, Kang M]J, Shin JH, Lee §J, Jeong HG, Sung
NJ, Chung YC(2010) Antibacterial and
antioxidant activities of solvent extracts from
different parts of Hagocho (Prunella vulgaris).
] Korean Soc Food Sci Nutr 39(10), 1425-1432

Seon GU, Hwang IW, Chung SK(2016) Physicochemical
composition of head-type kimchi cabbage leaves.
] Korean Soc Food Sci Nutr 45(6), 923-928.
doi:10.3746/jkfn.2016.45.6.923

Shin GH, Lee YJ, Kim JH, Kim YH, Kim DB, Lee JS,
Lim JH, Lee OH(2014) Antioxidant activities of
commonly used Brassica spp. sprout vegetables
in Korea. Korea J Food Preserv 21(4), 587-592.
doi:10.11002/kjfp.2014.21.4.587

Simic MG(1988) Mechanisms of inhibition of
free radical processes in mutagenesis and
carcinogenesis. Mutat Res 202(2), 386-399.
doi:10.1016/0027-5107(88)90199-6

Wungaarden DV(1967) Modified rapid preparation
of fatty acid esters from lipids for gas
chromatographic analysis. Anal Chem 39(7),
848-849. doi:10.1016/0021-9673(85)80015-7

Wursch P(1979) Influence of tannin-rich Carob
pod fiber on the cholesterol metabolism in
the rat. J Nutr 109, 685

Yang J, Hu YJ, Yu BY, Qi J(2016) Integrating
qualitative and quantitative characterization
of Prunellae Spica by HPLC-QTOF/MS and
HPLC-ELSD. Chin J Nat Med 14(5), 391-400



	하고초 주정 추출물이 고지방식이 급여 마우스의 간 지질 대사에 미치는 영향
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 연구방법
	Ⅲ. 결과 및 고찰
	Ⅳ. 요약 및 결론
	References


