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Effects of Agastachis Herba Exiract and Lysimachiae Herba Exiract on the Experimental

Cellular Model of NFLDs Induced by Palmitic Acid

Hye-in Lee. Young-kwang Kim, Hyeon-chan Lim, Da-eun Lee, Eun-ji Kim., Young-ho Moon
Dept. of Internal Medicine, College of Korean Medicine, Dong-Shin University

ABSTRACT

Objectives: This study was performed to investigate the effects of two herbal medicines, Agastachis Herba and Lysimachiae

Herba. on a cellular model of non-alcoholic fatty liver diseases (NFLDs).

Methods: HepG2 cells were treated with palmitic acid and with various concentrations of Agastachis Herba (AH) or
Lysimachiae Herba (LH) extract in water. The lipotoxicity was assessed using EZ-cytox. and the lipoapoptosis was assessed
using cell death detection ELISA. Intracellular lipids were measured by oil red O staining. The efficacy of AH and LH on
sterol regulatory element-binding transcription factor-lc (SREBP-lc), fatty acid synthase (FAS). and acetyl-CoA carboxylase

(ACC) in HepG2 cells was measured by reverse transcription polymerase chain reaction (RT-PCR).

Results: Both AH and LH extracts increased lipoapoptosis and decreased lipotoxicity and levels of SREBP-1c, ACC, and
FAS (SREBP-1lc, ACC, and FAS are factors in lipid synthesis). In the oil red O staining experiment, both extracts also

reduced intracellular lipid accumulation: in this instance, LH's efficacy was superior to that of AH.

Conclusions: According to the results, both AH and LH are likely to contribute to non-alcoholic fatty liver disease, as

both interfere with lipid synthesis.
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AgellA Al e S (ER I3
Agastacherugosa, 3¥°F : Agastachis Herba) &t &
Az (485, 9 : Lysimachiachristinae, 3}

: Lysimachiae Herba)2 FAlT|&w H& +
W oA 5]} "}%‘6}%‘14. R
7100 g& X-ﬁ-’\ 1000 mlZ 247+ &<t 7]'° 3}
o 3

"l']% 91 o] rotary vacuum
evaporator® 7t 553 }57_, EAAZ7 oA -84 C
’\LEHE- 24"] Azstgeh #2582 4% 82 g(5

I} FAHx 9.2 =& 0.2%)o|ch. &

#2288 AL 342 2282 L2 2719

=
—l>

ol7+ 74} Al 23 (Human hepatocellular carcinoma
cell line) HepG2 cell> =M £330l HoF
ol Abg-slgiom, 10% FBS(Gibco, USA), 1%
Anti-biotic Anti-mycotic(Sigma, USA)& =gt
DMEM media(Gibco, USA) S AHE-3le, 37 C, 5%
COz A= 27AA i Fatsich

2) A"}3(Steatosis) 2

AES 59871 91380 palmitic acid(sigma.
USA, ©|8 PAZ %7])Z isopropanole]l 50 mMe]
HEE =49 ‘:‘r%, 1% bovine serum albumin
(BSA)E 358 DMEM ®iA]el conjugation A1A
A3t

3) cell viabillity assay

Cell viabilityE 2<lsl7] $18 Ez-cytox(Daeil
Lab, Korea)< &-43lch WA HepG2 cellS 24
wellol 5x10° cells/well W v}30] seedingdte] 48
AlZF ok wiok 8 3 0.5 mM palmitic acid® %]
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4) RT-PCR

(1) Total RNA ¥

Total RNA 225 913 wiokd cellel A w2 &
A A & TRIZOL reagent(Gibco-BRL, USA)E
A28t cell& B0 3, chloroform(Sigma. USA)<
7hete] EEolA A EE & ALel|A [E7
RNAES AAAI7IZ & o2 4 T, 13.200 rpmell A
5¥7F AAEE] g

AEER dolA A=A 500 e isopropanol
(Sigma, USA)< H7}sted A2AejellA 5E2F |
2|8 & RNA pellets 471 $15ke 4 €, 13.200 rpm
ol A 57 GAlEe e, T8y dAlEEE A7)
pelletel] B4 2% 70% ethanol#}t 371 DEPC-treated
water(Biosolution, Korea)& ¥ 4 T, 13.200 rpm
oA 5&E7F JAEE F pellettt #7132 2R AA
g}, 32 ethanol& Al2-el|A] 1087 WA A Az
A7) o DEPC-treated waterell o Biophotometer
(Eppendorf, Germany)ellAl 260 nmellAl OD260 7=
glo] RNAY % ¥52 At total RNAE
AHE AI7HA] 20 Coll M Bashsint,

(2) RT-PCRel 93t &4

2] total RNA 1 pgE Mastercycler gradient
(Eppendorf, Germany)Z o]£3}e] 50 ul cDNAS
§A3led PCR 32 413 template® AH-311

Polymerase chain reaction< cDNA, sense primer,
antisense primer, DEPC-treated waterE PCR premix
(Bioneer, Korea)oll 9%l Mastercycler gradient
(Eppendorf, Germany)ellX ¢cDNAS ZZs}gd

Ao AH-E primer 52} sequencest Table
13 7t

o]27 £Z5 RT-PCR AHE2 1.5% ararose gel

S £38) A7]19% % Gel Imaing system(Davinch-K,
Korea)ol/] PCR productE &elstdet.
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Table 1. Primer Sequence of each Gene Detected
in RT-PCR

Genes Primer sequences

5-CCATGCTGGAACTGATGGAG-3

SREBP-Ie o (\rGAACTGTGTGACCCAGCC-S
tag 5-TOGTCACGGACGATGACCGTOGS
5-GOGGCAGTACCCATTCCCCGCSS

soe 5-COACATGCTCGGOCTCATAGH

5-GCCAGAAGCCCCCAAGAAAC-3

GAPDH 5-TCCTCCTGTTCGACAGTCAGCCG-3
5-ACAGTTTCCCGAGGGGCCAT-3

5) Lipotoxicity 4

A 27} HepG2 cell®] AlEAE e wX & 33
=A37] 18] cell death detection ELISA kit
(Roche Molecular Biochemicals, Mannheim, Germany)
= o] 431glth. HepG2 MEZ 96-well plateel] #
F3te 2417 F9 HAXZ] T PA H ASE 5
EHE Al 24X 7 Fek wieFstsich wl ok wl
A5 AAT F 0.2 mle S8 (lysis buffer)
< A7bsle] 3087 WAk 3,000 rpmellA 10
7t AAEE & F A2 A Aol wel 405 nm
AN FIFEE S5

6) Oil Red O staining

HepG2 cell®] A% AHFE 7] S8
intracytoplasmic lipidsE —;Xjﬁ}v‘c—ﬁﬂ Agst 0l
Red 0% #83le] AT 6-well platesell
33107 cells/wellell #F3ko] 24412} Bk 2247
% PA ¥ RNE FEHE Aty 24N F
b wioFatod et 2421 7ke] At ¥ PBSE 23] AH
832 10% formalin®2 1087 1A 38lH 2H, 60%
isopropanol® FF4E AATE A7 AR
= plateS $+43] 2 isopropanolel €317 Oil
Red 0 {A<FE A]sksich 208 5<F incubation
3 o SHFFE oISt o7 W A3,

9 AE FAe A8 200 e 3 Ao



3. EAIAE

A ATl gt EA A= IBM SPSS Statistics
22 programe AHg-3ked AldEtleh AT bz
= 2k EAA fo4 HFL one-way ANOVA
At on FAMCR fo3 7 AR
Turkey W< A13319 3 p-value7} 0.05 7|
o3t Ao dAsA

edoox o

ro, rlo
olt,
o

o2l - UgE - gt - ojck2 - 22K - 2YS

AHS LH7F HepG2 cellel di& AlZ=5A4&
e T WS A3 S5t g Helel
A gt =2 AI8E A2 F Ez-cyto % £
& ME AEEE SAsNG o, AZAEES of
T FEE FoIahA] doks Wal 0 mg/mls 71A
2] 100% 2 3HAkste] EAISEeE AHE 0.7 mg/ml
AMEE FoA4 A NE AEEe] "lHT ¥
T gEH oz NEAEE Faser LH:

m, 2 =z L0 mg/mlel A Al ZAEE] 24 A 7ast
At(Fig. 1).
1. AH % LHZ}t Cell viabilityoll OJx|= A&
120 AH 0 LH
1{1&-%: . 100 21( i/ _ L
9 R w | g @ B
H TR HITTIY
2o B B oW . S 6@ g B oW &
MR I AR
B R ERERERIRERERERER D
NEEEREERI] o W @ # % @ W
0 0nE 08 o7 08 0.5 1 0 05 06 oy Ik} 03 1
Concentration{mg/mi) Concentration(mg/mi)

Fig. 1. The effect of AH and LH on cell viahility of HepG2.

Cell viability of HepG2 were measured using EZ-cytox. Values are represented as mean+SD (n=8).

* 0 statistically significance compared with 0 mg group (*

LS

2. AH 2 LH7} lipotoxicitydfl OJX|= Hst

AHS} LH7} Aupatel] ojs] 85 Al E &4
)%= 3k 2A517] $18led HepG2 cellol 0.5 mM
9] palmitic acid® AW5& 43 & AH9 LH
£ 7Zr7} 0125 mg/ml. 0.25 mg/mlE Aelste] AlE
AEEE SAsEH 24 23 AHE 2l
vl8) 0.125 mg/ml 59 025 mg/ml 54 &

© statistically significance compared with 0 mg group (**

: P<0.05)
: P0.0D)

T 594 Al A £4fe] sistEl ARt 3
Z=elet, LHE d22 B3] 0125 mg/ml %
0.25 mg/ml FEA 5 54 QA AE £4)o]
$t3tE| 212”4, 2319 0.25 mg/ml ¥} 0125 meg/ml
FxAA oA A AE £t EtE el
(Fig. 2).
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3 E
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Niirnal Cantrol 0.135 Nerrnal Cantrol 0.135
PAL PAH) PAL P4
Group(mg/mi) Group(mg/m)

Fig. 2. The effect of AH and LH on palmitic acid induced lipotoxicity in HepG2 cells.

P.A. (-) : palmitic acid untreated group, P.A. (+) : pa Imitic acid 50 0.5 mM treated group, Normal :

acid and herb extract both untreated group, Control : palmitic acid treated and herb extract untreated group,
0.125 : palmitic acid and herb extract 0.125 mg/ml both treated group, 0.25 : palmitic acid and herb extract

0.25 mg/ml both treated group. Values are represented as mean+SD (n=8).
#% . statistically significance compared with control group (** : P<0.01)

3. AH 2 LH7} lipoapoptosisol| O|X|= A&t 025 mg/ml FEoIM BT §9A4 A AEAE
AHS} LHZF Ad A E 2] w3 3ks o] Z7lelgdeS #AAF 4 glgith LHE dzx+

F243}17) 918ted HepG2 cellell 0.5 mM<] palmitic o B3] 0125 mg/mlEx=2 0.25 mg/ml =

acid® AuE& 43 E cell death detection BE5 foA4 A AEAEe] Frlstged B

ELISA kitE ol Al EAEE A3l & gEMez Az Ao F78HiHFig. 3).
A At AHE dx<el ¥l3 0125 mg/mls=2}

w . AH a0 - LH
S 16 | " - 15 1
D.l = D.
— 0 12
"]
@ 2
‘ch :9“ 08
o B
- € g4
a
& <
0.0 _i
Mormal Caontral 0135 05 Mozl Cantral 0.125
Pag) 2o+ P& AL
Group(mg/ml) Grouplmeg/mi)

Fig. 3. The effect of AH and LH on palmitic acid induced lipoapoptosis in HepG2 cells.

P.A. (-) : palmitic acid untreated group, P.A. (+) : pa Imitic acid 50 0.5 mM treated group, Normal : palmitic
acid and herb extract both untreated group, Control : palmitic acid treated and herb extract untreated group,
0.125 : palmitic acid and herb extract 0.125 mg/ml both treated group, 0.25 ' palmitic acid and herb extract

0.25 mg/ml both treated group. Values are represented as mean+SD (n=8).
#% . statistically significance compared with control group (** : P<0.01)

306



4. AH ¥ LH7t M= X4 X0 D|X = I&
AHS} LHZF AZ W AEA 7hael mlxe

32 &alslr] $18ked HepG2 cellel 0.5 mMe

palmitic acid® A|¥5& F#3 £ 0.125 mg/mleh

oIl - 2 - I - ojke - LA - 2

23 A3k, AH9 LH & AgFo|dj x| v
3 Aure] &Ao] 2HAd AL sl E39)
LH 0125 mg/ml¢} 0.25 mg/ml% Fold el A
Ape] o] gdsiA HAd 7S Falslgd

0.25 mg/ml 5= AHe} LHE 27 A2sle] 3 (Fig. 4).
A) AH
PA.(H) PA.(+)
0 mg/ml

0 mg/ml

0.125 mg/ml

0.25 mg/ml

F|g 4. The effect of AH and LH on ||p|d accumulatlon of HepG2 cells by oil red 0 staln

5. AH % LH7} SREBP-1¢ &+&40f O|xl= A&t
AH¢} LH7} lipogenesise] #edsl= F2.9171el

SREBP-Icell w]X|%& <33 =A435p7] 918l RT-RCR

S o]43te] SREBP-lc mRNA W3S =33}9]

o =4 A3} g 2729 mRNA levelel H]s] AH
0.125 mg/ml, AH 025 mg/ml, LH 0.125 mg/ml,
LH 025 mg/ml =4 ZF 524 904 mRNA
levele] 7Ha3}9dek(Fig. 5).
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Fig. 5. The effect of AH and LH on SREBP—]C in HepG2 cells.

The SREBP-1c mRNA level was measurred by RT-PCR. P.A. (-) : palmitic acid untreated group, P.A. (+) :
palmitic acid 50 0.5 mM treated group. Values are represented as mean+SD (n=3).
#% . statistically significance compared with PA (+) 0 mg group (** : P<0.01).

6. AH 2 LH7} ACCH| O|X|= sk AH 0.25 mg/ml, LH 0.125 mg/ml, LH 0.25 mg/ml
AH¢} LH7} 11pogenes1s°ﬂ Hodsl= F2.elzkel oM 25 594 A mRNA levele] 743}
ACCell v]A= F3ks =Asl7] 98 RT-RCRE& gom, AH FoqFdME 35 &4 24ast

o]-g-8ted ACC mRNA TEE FAsld 34 vebsteH(Fig. 6).
A3 d27-¢] mRNA level°ﬂ H]3] AH 0.125 mg/ml,

1] AH 150 LH

- -
H a - t; 10
E LE ] £ s
T oA : ¥ onq
:
£ £ .
=, )4 £ -
] 2
g i
a . = g
[} o
z 2
= =
£} ]
E ! . = . 3 b-
#p T ] [ e T8} w.--| LT B
Iy ti5mg 125rg H125we Di5mg

Fig. 6. The effect of AH and LH on ACC in HepG?2 cells.

The ACC mRNA level was measurred by RT-PCR. P.A. (-) : palmitic acid untreated group, P.A. (+) :
palmitic acid 50 0.5 mM treated group. Values are represented as mean+SD (n=3).
#% 1 statistically significance compared with PA (+) 0 mg group (** : P<0.01).
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7. AH & LH7t FASOll O|Xl= H&

AHS®} LH7} lipogenesisell Tedsl= F8¢lztel
FASel mX& <& =437 $l8l RT-RCRE
o83kl FAS mRNA &g 2435 24 2
7 279 mRNA levelell ®3] AH 0.125 mg/ml,

FAS
GAPDH

=

2]

=

Rolative protein level [FAS)
e =

P

Pl aa
g ST

L1

Pl
25vg

Fig. 7. The effect of AH and LH on FAS in HepG2 cells.
The FAS mRNA level was measurred by RT-PCR. P.A. (-)

o2l - UgE - gt - ojck2 - 22K - 2YS

AH 0.25 mg/ml, LH 0.125 mg/ml, LH 0.25 mg/ml

oA 2% 494 oA mRNA levelo] 7HAs}
el 27t

gom, LH FoZlME 5 9F
vebdeH(Fig. 7).

]

£

o

Raslative prrotein laval [FAs)

P A EHTY CHTH

(1) 2135wy

. palmitic acid untreated group, P.A. (+) :

palmitic acid 50 0.5 mM treated group. Values are represented as mean+SD (n=3).
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o o %ﬁ“@- :9% [ [} J‘;"l:_
18 =
o4 Zarel viehiel, 2249l 44w B @

F 744 E (ballooned hepatocyte) 7}
22 2] A (mallory’s body) 32 Al-5-3

Mz $HA0 294 95 F

N
30
el
o T
o
o,
=~

© statistically significance compared with PA (+) 0 mg group

(**

= P0.0D).

Myok 7

U0

7HA) Z (ballooned hepatocyte) vt ZZ 2|4
(mallory’s body), A27F Sl& A+5 AWzl
AZFo] TutEE A$=, 7AW, 7t %—ii ks
A7) = g, %}7&0] A g A o
dqF7} £2 g2 Aoz A 4 9\1 =3
o2 s wgIZEA AHzE Adko] Az}
= FA oo

A 74A] H] %‘i—%’“
BA7} gle] Aol
7].2]— g ,,}7(4 o]y F

gke] %EE %ﬂ

i 2oE 23 Aol A ) el A
Foz Boplt 447} WA 5 AR A%
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£&0| Palmitic acid=

A 8A ko] HAE] 275

EES %%Wmﬁ o2 e fRsty ke ¥
s HELE, AR ILIE, ERmEe Tl o
AT QATelAE ke 550 o] aF) A%
3 g%, el g3t glen 9= w3w s
AL ety RuEge md Ak QA
24 2 Ae] 43 7Has £ Feo] gulnt &
S wake}l galel g FepA7|Abstuluke] A2
Ebo] i YA 1BY 59 EEo RIFS)
o SRS M MRSt ke Hste) FIRE
W FINEYEA, FRRGER, HRRES &% gL
T AT RFE7 ST S5E
=l E?f’] gow FAx weke FEEo] Total

-

HA ojm A
H]"éi—%” Z]H}& X—i%% X]HJQ] o F4
Halo] & Aoz 3 lf‘#xﬂ,zi% Kol 1
ol whebr n|TLA AUk Ag Agol| A
‘41°] BIRE AAs = E%"] AT EEFI oRE
L |
53‘6}%‘14.
£ dFe A= HepG2 cellell palmitic acidS A
g3l v|GT2A AWzt Az Z2E wj st
AHEstg T A Al 2ol mA = Sk A%
o] B5& Yotry] S8 Az 2l F3F 3=
E(AH)Y 342 FE2ELH) S =492 Agd

% 7 FZE9] lipotoxicity, lipoapoptosis, A1 E
o] At A4, Ak A v X g HAs)
A
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FLE HYISY XUt M=Z 2ol DX P

HepG2 cellel AH¢} LHE ohekst
3 & Rz-cytox® AE AEES S
AHZF 05 mg/mlel A A A= AlE 54
o] 0.5 mg/ml °|3}e == AL A

wWeks BEIEA AUt AE 2l Fx
0.125 mg/ml, 0.25 mg/ml¢] AH$} LHE A=s &
Ez-cytox® lipotoxicity® &4 o zd
41.09, AH 0.125 mg/ml $-1<- 53.97, AH 0.25 mg/ml
ol 5294, LH 0.125 mg/ml o3+ 60.98, LH
0.25 mg/ml FoJ+ Hl98E F FEE] RE %
|4 23 lipotoxity S <HEHA e

Cell death detection ELISAZ lipoapoptosisE
ZAsg S o 2+ 1.064 AH 0.125 mg/ml ¥
o] 1.294, AH 0.25 mg/ml o3+ 1.294, LH 0.125
meg/ml Fo+ 1.282, LH 0.25 mg/ml $o37 1.3822
FEEo| BE 2 xoi $-254 lipoapoptosis
7
Oil red O stainings E3 AHe} LH7F AX=
A AW FA-o ] FoJ5HA Fraske A& el
don, LHE T3 & o A} o] & o &
odstA 7Li‘6}‘i‘l7]°ﬂ LH7} AHel w]3] A4 &4
£ o FAEAAE $ slve 7FsAE FskdHh

SREBP-lc= & %A} &4 <Ak (transcription
factor)® 7rellA ACC. FAS 59 A 34 &4
2 NG, 2 RS AH HEA
22 acetyl-CoAZ £ =", acetyl-CoAr ACCel
°]3 malonyl-CoA=Z WH3}ste}, o] W] FASel ¢fs]
acetyl-CoA¢} malonyl-CoA7} Z3ute-s Yo
AW g4 o] o] Fol A}, upets SREBP-1c7} 5
7¥sd ACC, FAS 59 g4} 84315 o] A Z
o] A} A o] Frtstel Azt Al Bdle 5
% 0125 mg/ml. 0.25 mg/ml¢] AH¢} LHE A A3t
% RT-PCR< A133ske] SREBP-lc. ACC, FASE
ZA st

SREBP-1c& 435S W AHE W=2T 757,
0.125 mg/ml %I 635, 0.25 mg/ml Fo+ 60.4
olgjon, LHE W=+ 777, 0125 mg/ml Foi+

=
+
=z

=



68.7, 0.25 mg/ml ¥l 68002 F FEES &
£ 5504 SREBP-1cE I3 #AaAZiH
ACCE =439 o AH: H=x< 796, 0125
mg/ml Fo37 62.3. 0.25 mg/ml oI 58.9¢
o, LHE 9%+ 121.3. 0.125 mg/ml —‘T“m]{v‘
0.25 mg/ml FoI 73102 F FE2EL
oA ACCE o3 A F o
FASE ZA3HS o AHE HEF 1205, 0.125
mg/ml FoI7 79.2, 0.25 mg/ml Fof & 74.9¢]%1 2
o, LHE 92+ 125.0, 0.125 mg/ml 7 9.3,
0.20 mg/ml §oJF 84608 F FEEL ZE ¥
oA FASE F-9J3HA A
Z3tsbd AH9 LHE SREBP-1cE #AA|7 L
2x ACC, FASS &431& JAIst4 lipotoxicity,
lipoapoptosis 59 EHE Jepd 7oz FEF
S ek B ATE AE 99 Ade|nE B A
g3t AHE A7) S8 FF AEH FE A

9 QA A7t B2 oz yde.

ta
r1n

=
)

V.2 &

[

o

I3 FZE(AH) (LH
TEA AWTE Al v]X|= gds FAE] 918
palmitic acid® A|HF(steatosis) = f=3 HepG2
cellell ThoFet =20 AH9} LHE XX|3led lipotoxicity,
lipoapoptosis, A E We Au &4, A4 A&
#AT A3 g5 2> 23S A

X

Az FFELH)) ¥

1. AH®} LH%= palmitic acidoll <J3] 2483t lipotoxicity
£ 3hA 7.

2. AH®} LH*= palmitic acidell 2Jsfl 2433t lipoapoptosis
£ 3713

3. AH¢} LHE A W Aw} 24& f-2o84 7
2AF

4. AHS} LHE= AA 49 F8 q1#kel SREBP-1c
2} ACC, FASE f-9J3HA JAIAFH.
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