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Anti-obesity Effects of Peucedanum japonicum Thunberg L. on
3T3-L1 Cells and High-fat Diet-induced Obese Mice
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Min-Suk Kim and Won Seok Jung*

Jeollanamdo Development Institute of Korean Traditional Medicine, Jangheung 59338, Korea

Abstract - Obesity is a pro-inflammatory state that contributes to the development of metabolic disorders such as
hyperlipidemia, insulin resistance, type 2 diabetes, non-alcoholic fatty liver, and cardiovascular disease. In this study, we
evaluated the inhibition of adipogenesis in 3T3-L1 cells and in high-fat diet (HFD)-induced obese mice by Peucedanum
Jjaponicum Thunberg L. water extract (PJT). Lipid accumulation measurement indicates that PJT markedly inhibited
adipogenesis in a dose-dependent manner. RT-PCR results demonstrated that the mRNA expression of adipogenic
transcription factors such as peroxisome proliferator-activated receptor-y (PPARYy) and CCAAT/enhancer binding protein-
a (C/EBPa) in 3T3-L1 cells were significantly down-regulated by PJT treatment. Oral administration of PJT (100, 300, and
500 mg/kg, b.w/daily for 4 weeks) was conducted in high-fat diet induced obese mice and C57BL/6 mice. The PJT-administered
group of HFD-induced mice had a lower body weight gain, along with decreased serum levels of glucose, triglycerides, and
total cholesterol compared with the control mice, however, the HDL-cholesterol/total cholesterol ratio was increased.
Furthermore, the elevated mRNA expression levels of adipogenesis related genes in the white adipose tissue of obese mice
were significantly suppressed by PJT. These results indicate that PJT exhibits anti-obesity effects in obese mice by
decreasing in serum lipid levels and lipogenesis related gene.
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American Type Culture Collection (ATCC, USA)oA F+%5}
9131, 10% new born calf serum (BCS, Invitrogen, USA)¥} 100
unit/ml penicillin, 100 #g/ml streptomycin (Gibco/BRL, USA)
o| 38-% DMEM (Invitrogen, USA) HjA| & A}g-5te] 37C, 5%
00:2] 27of|A] v Fataict. Ml227} confluence AFE 7} =H
10% FBS-DMEMe|| 0.5 mM 3—isobutyle—1—methylxanthine
(IBMX), 0,25 mM dexamethasone, 10 #g/ml insulin®] &7}l
A& Aelsto] 235 297k - & §| oAl 297 10%
FBS—-DMEM®]| 10 ¢g/ml insulin®] A7}= vjR| 2 2A315=3]
ok, 71 % 2%nit} 10% FBS-DMEM Hi A 2 wA|8}3TE, Al 29
A= B HiAl FH7F AR 2ol A Esklth(Sim et

al., 2014).
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B AF o)) ARRSE PITZF A HEA) 30| Uetl=A1E &
Asl7] 8ol MTS assayS 43 5}9ith 3T3-L1 preadi—
pocyteS 96 well plateo]| 5 X 10° cells/well & £33} 0,
10% BCS7} 3-5-5] DMEME 2o] welld &£ £4-2-100 pl=
SRoITh 24A17F SRE Hi e & FEES 2] s RER(,
31.25, 62,5, 125, 250, 500, 1,000 pg/ml) #|2]3}o] 48417t Eot
i oFatoint, 7L 50 77} A a2 uiokol 852 1/108]2) MTS -§
oS- sl & 37°ColA] 2471 vk} B ELISA microplate
reader (Infinite 200 pro, TECAN, Austria)S ©]-&3}¢] 490
nmof| A SFEE 5755k

=S KR

7 o=

Oil-red O 9X

o] & AZ o5 viA1E A AN A pH 7.4 PBSE A A
8}l 10% formalin 900 2 2X|7F H9F A3} o] 5, 11N
AA % oAl PBSE 33] A|A s3I, 2Hds] HA2A17] £ Oil
red O FAMH(Oil red O staining kit, sciencell, USA)S *] 2|5}
o] 1587t =20l A ML, AMHE A AT & = 33] A
2] &} TS Microscope (Nikon TS100, Japan)= 25T
ESE 50T 242 915k0] 100% isopropyl alcohol 2 &A=
1S &% A]# ELISA microplate reader (Infinite 200
pro, TECAN, Austria)& ©|-835}o] 540 nmoj|A| S =E =74
SFATHSIm et al, 2014).
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Table 1. Primer sequence for Real time RT-PCR
Gene Sequences of forward and reverse primer 5' - 3'
PPARY Forward TTC TGA CAG GAC TGT GTG ACA G
Reverse ATA AGG TGG AGA TGC AGG TTC
FAS Forward AGA CCC GAA CTC CAA GIT ATT G
Reverse GAT ACC ACC AGA GAC CGT TAT G
C/EBPa Forward GCG CAA GAG CCG AGA TAA A
Reverse GGT GAG GAC ACA GAC TCA AAT C
FABP4 Forward AGC TCC TCC TCG AAG GTT TA
Reverse CTG TCG TCT GCG GTG ATT T
GAPDH Forward GGG TGT GAA CCA CGA GAA ATA
Reverse GGG TCT GGG ATG GAA ATT GT
(Molecular Research Center, USA)E AME-5lo] Ea|5l9ct L) 8 mg/ke, 24 mg/kg, 40 mg/kgy} S5 A o2 AlmECh
Z gz A|Zof| A v A E A ASFL PBSE A4 8e] TRIzol 1 (Reagan—Shaw et al,, 2007),
mE 7Fsto] Ao A wnkshgiet, FRREF 200 nlE Hal 2 A3lof AREEH60% keal ALAHY A]0]= HEFL(SAMTAKO,

TRA] EFS}O] 15,000 rpm, 4°CollA] 1087 YA E )3t TR2,
A5 500 ulof] Ol 2T E THelo] T €4) Helslel
mRNAS At} 5 9] mRNAZE High Capacity cDNA Reverse
Transcription Kit (Applied biosystem, USA)E ©]&35}o]
cDNAZ A4S 519t} S5 cDNA 1 ul, primer 1 11l, SYBR
Master Mix II (Appiled biosystem, USA) 10 ul, 32} 7348
& @il Real-time PCR7]7|(ABI7500, Applied biosystem,
USA)E 0]-85}o] PCRS ~3¥5}9it} TSt Real—time PCR HF
£ 278 50 Col| A 28 95CoflA] 105 £<t13] 4885}, A
2r 95C oA 15% o9 &% 60 Cof|A] 152 AL 72T
15201 Abo] 2= 403] W =35k 3ie}, 702} 50|14 primer
9] AHE Table 19] YERHSITHSIm et a/, 2015).
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S.D.)E Uelglon, EAAE]l= SPSS (18.0, Statistical
Package for Social Science Inc,, USA)E o]-g35}o] LHEF
B (One way ANOVA)S AAJSE & A|ZAE-L Student's
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Znt Y D
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Fig. 1. Effects of cell viability on PJT of preadipocyte. The
values are expressed as the means + S.D. PIT; Peucedanum
Japonicum Thunberg L.
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Fig. 2. Effects of PJT on lipid droplet accumulation of
differentiated 3T3-L1. The values are expressed as the means +
S.D. and significantly different between groups according to
Student's t test. *p<0.05, **p<0.01, ***p<0.001 PJT treated
group versus adipocyte, ###p < 0.05 preadipocyte versus
adipocyte. PIT; Peucedanum japonicum Thunberg L.
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C/EBP family 3 PPARy7} 583 983 dh= 2102 UeA]
ek, HA] SRR ERIANR el £317t SX = 27| GAof
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(Hamm et al , 2001; Fox et al., 2006), o|ZA| E3}=] Z|=HA|
3= lipid droplet 234 2 A3} 27] 75 22 FEf 4
EA 3} tlEo] 5ol4<Ql §412} FABP4, FAS 5 2] &S 7

Froen AYAIEZe] 545 AUA FrhAhmadian et al,

£

25 - o PPARY

10 4

mRNA expression

5 4

D 4

PJTugmL) - - 125 250 500 1000

Differentiation

FABP4

mMRNA expression
8
*

10 il &

125 250 500 1000

PJT(ug/mL) -

Differentiation

2013, Park et al,, 2015).
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oA Tt o2 HF o] 74axs}l o H, PPARy+= 250 18/
nl FEAFE FoH 02 G IO oA A5 H
t}, whabA] PITE AR 5-444e] 248 Foto] A A4
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A2 ook 3 PITE wofdt 5 AIE, AES71E, 410l
AFF S WA A HeRs Table 29} Fig, 49} gt

TAA ol 2F AT B ATI7FE A4l
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PIT= Aol ol 7249l 9= nIXIA eglet, PITO]
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Fig. 3. Effects of PJT on adipogenic transcription factors and adipocyte expressed genes expression of differentiated 3T3-L1. The
values are expressed as the means + S.D. and significantly different between groups according to Student's t test. **p <0.01, ***p
<0.001 PJT treated group versus adipocyte, ###p < 0.05 preadipocyte versus adipocyte. PIT; Peucedanum japonicum Thunberg L.
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Table 2. Effects of PJT on body weight gain, food intake, and WAT weights in mice fed a high-fat-diet”

Item Normal HF PJT100 PIT300 PIT500
Body weight gain (g)  2.64 + 0.20° 1320 + 1.00° 1028 + 0.89™  8.59 + 0.97™ 7.66 £ 1.25°
WAT' weights (g) 0.32 + 0.05" 2.60 + 0.22° 239 £ 0.07° 2.17 + 0.32% 1.89 + 0.49°
food inatake (g/day) 221 + 0.08 2.56 + 0.70 2.55 + 0.56 2.49 + 0.87 2.54 £+ 0.08

abe

“Mean = SD. “*Means not sharing a common letter are significantly different between groups based on one-way ANOVA with

Duncan’s multiple-range post hoc test at p < 0.05.
WAT; White adipose tissue.

45 4 —ND -=-HFD c
=+=PJT100 ===PIT300
=#=PJT500

40 A

35 4

30 4

25 A
a

20 T 1

Fig. 4. Effects of PJT on body weight changes in mice fed a
high-fat-diet. The values are expressed as the means + S.E.

®Means not sharing a common letter are significantly different
between groups based on one-way ANOVA with Duncan’s
multiple-range post hoc test at p < 0.05. PJT; Peucedanum
Japonicum Thunberg L.

A|rke] A7} 8ul A= F7IeE o H PITO] A3 ol 2
Aoz 7haxzh Husiaure] 2AsA AAS E5A A
Ely *ﬂEQJ 717k P&(Flg 5) om olof| wje} x|upzAl o] 7|

T A

vt FEE DA PIT 85 AL ¥ adipokine TF

vk R ee] 42 dF A EeRe WekA7]aL A
12 2] 0] 4] 9] adipokine @] H]of] G A EH o]= 2=
o AT R UL S T % 4 ek Schattler
et al., 2005). wehA PITE] A3 o] w2 T2 22 W adipokine
g5 f?l A= Table 3] UERHSIH. 8572 11%]
WA= EggeA|elE gho] 30% 1ol H o8 =
A A

8% % 2elade] B Bobd a Suaioly
A hAfe] of/go] 74 = 4= Qlck(Park et al,

‘&]
=

AR

Fig. 5. Effects of PJT on size of adipocyte in mice fed a high-fat-diet (200X). PJT; Peucedanum japonicum Thunberg L.

-6-



Q)

\(Peucedanum japonicum Thunberg L.)2] &

&30 3T3-L1 Ao} A0 R {ies nhoLofa] et aaf

Table 3. Effect of PIT on serum biomarker in mice fed a high-fat-diet”

Ttem Normal HF PJT100 PIT300 PIT500
(m;Gdl) 130.80 + 7.10° 169.67 + 8.29° 162.25 £ 4.78*  160.75 + 7.02 143.67 + 9.35®
(m;il) 93.00 + 4.18 191.33 = 11.19°  190.00 + 11.96°  170.80 + 14.23%  148.00 + 4.84
EE;L(;S 46.40 + 7.10° 51.92 + 820® 56.20 + 4.78" 57.40 + 7.02% 60.05 + 9.35°
H’I‘I{y C a a a b

% 5022 + 5.76 2738 + 2.28 2743 + 231 34.07 + 5.23 42.14 + 471

abe

“Mean + SD. ““Means not sharing a common letter are significantly different between groups based on one-way ANOVA with

Duncan’s multiple-range post hoc test at p < 0.05.
YHTR = (HDL-cholesterol/total cholesterol) x 100.

2013). x4 1— lo]TT_L ] H]o}o:] _]__I_X]H]-MO] .4

g oF 28 = S7HE QLo PIT| A= o5

%S Uehon] E8] PITs00zol A §o140] 7

At} HDL 2 AH SO AL AA A o721} 112 HFA] o]
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PITHFA) 015 §O)402 £t} HDL ZeladlEe Hol

9 FHALE Yo7|= ARAL FE AHES AlAS] 7he
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A AHFHEF FH2EE w5 ol == & 5 e
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Leptin® AP EoIA] Hulshe Ao]E7ielo 2, 4|82
ollal F4EE LA B BREOR 483 o) o
Ak 22858, B9 A9 Leptingl] Helsgo] F7Hoke A
2 AHA QcHFriedman et al, 1998; Kim et al, 2014), 8=
leptin &= AAYES Uehl= A3E2 vlukadto] @ol A
L5371 QItH(Caro et al., 1996). HH 2, adiponectin H]
/\}aoﬂﬂ]/q 1 al—fﬂom] 7U\o}tq /\lﬁ_xm ul Oﬂz 0 UP_/;\_/\]
79 ed V=S = 3EZoR d9A 9l
(Goldflne et al , 2003; Gil et al, 2008). T3t WAA| o] @
042 1) 322 T HRIOKR Lo, ol ABbA Tl 9
3 7HA7 = Ao 2 K’ 1Eo] QIth(Pireiro ef al, 2005).
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