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Evaluation of the Anti-obesity Activity of Platycodon grandiflorum Root and
Curcuma longa Root Fermented with Aspergillus oryzae
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Abstract In the present study, the phenolic compound level, antioxidant activity, and inhibition of lipid accumulation in
Aspergillus oryzae-fermented water extracts of the Platycodon grandiflorum (PG) root and the Curcuma longa (CL) root
were determined. Total polyphenol and flavonoid contents were decreased after fermentation. However, the flavonoid
content of the fermented PG (FPG) was increased by 2.9-fold that of the PG before fermentation. In addition, the
antioxidant activities were significantly decreased following fermentation. The potential anti-obesity activity was assessed
by determining lipid accumulation and mRNA expression of sterol regulatory element-binding protein 1c¢ (SREBP-1¢) and
peroxisome proliferator-activated receptor gamma (PPARYy) in 3T3-L1 cells. Aspergillus-fermented extracts of PG and CL
roots decreased lipid accumulation, and mRNA expression of SREBP-lc and PPARy in 3T3-L1 cells. These results
indicate that Aspergillus fermentation augments the anti-obesity activity of PG and CL by regulating the expression of the
genes involved in lipid accumulation and cell differentiation of 3T3-L1 cells.
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ATH9). T8 FHAPJESZE triterpenoidA] saponin®! platycodin
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FAE vk dok(10). 53], =EAE HEHLE 74X A
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3T3-L1 M=t 2 AXf X2

23} A 3T3-L1 A2E =M EF S (Korean Cell Line
Bank, Seoul, Korea)>ZHE] % wgtom Axe] E3fee
Oh 5(23)°] WS &85t Ak 3T3-LINEE 10% calf
serume X3}8}= Dulbecco’s modified Eagle’s medium (DMEM)
Hix]ell 100 U/mL penicillins} 100 ug/mL streptomycin 3 7}35}d]
5% CO,, 37°CoIM w1, FA13IT}. 3T3-L1 A FAE] #]
WA 2R ®31E 93l 6 well plateol] 5x10° cell/well®] A|EZE
23ste] A7 s 9 EA wgsiar, 248 o wede
MDI (0.5mM 3-isobutyl-1-methylxanthine (IBMX), 1 uM dexam-
ethasone, 10 ug/mL insulin) solution, ¥ 10% FBS & ¥ 33l=
DMEM HiA]ellx 3 F<¢t wjgetezm £315 7iAlekleh 2
T 10 ug/mL insulin ¥ 10% FBSE X33l+= DMEM HIX|=Z
ngate] 49 FF E3E AT ALEA S Gl 91%
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EEHX| & 239 3T3-L1 M=o chst SMAIH
A 2 39 HNEZEAL Cell Counting Kit (CCK)-8
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Dried roots of Alatycodon gradiflorum
and Curcuma longa Radix
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I Fermentation for 50 h at 30°C
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Drying at 45°C
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Fermented samples

Fig. 1. Preparation and fermentation procedures for Platycodon
grandiflorum (PG) and Curcuma longa Radix (CL).

(Dojindo Laboratories, Kumamoto, Japan) %3l 2213} tH24).
3T3-LIMEE ol 22 96 wellell 1.5x10° cell/wellZ -3 &
247 FAAATE FBS7E H7MEA) ke wiAolN weH o) &
S 22 0.1-5mgmLe] BEE A ste] 24X7F F9F 37°C0]
Al eFERTh 24412 & wiE F<1 wiR (100 pL)ol CCK-8
reagentE 10 uL® 7L 3A1ZF 59F 37°Coll A v st &

microplate reader (EL808; BioTek, Winooski, VT, USA)Z
450 nmollA] FFEE FASIATE R (control)S] TE%E FheS

715(100%) .2 N EEAS v 3T

Z polyphenol ¥ flavonoid &2 =3

=R #2259 #E A - T F polyphenol E flavonoid<]
TS Lee 5(24)°] AHES T A ST F,
total polyphenol Folin-Ciocalteu’s phenol2- ©]-&3F H]AH S S
|3ate] SAA=, THT AR AE 0.04 mLel %3 -
0.96 mL, 50% Folin-Ciocalteu’ phenol 0.1 mL& Y3 3%7} ®
ZAAHT. 10% Na,CO, €4 02mLeS ¥ & A7 &<t WX
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Rl %%l?‘& 273 Her stk &, f8 i &
s -diphenyl-1-picrylhydrazyl (DPPH)S ©]-&3le] 24311
o} 7Jr %Etg A& 0.05mLel DPPH 0.15mLE H71sle ¢=
oA 3027 WA F 532 mmelld FREE S,
ascorbic acid (Sigma-Aldrich, St. Louis, MO, USA)E positive
controlZ AFE-5}o] M malT). Tk Aol olrsle) 2z
A% E ALt sk

DPPH radical scavenging activity (%)

—1_ (sample 532 nm) « 100
control 532 nm

3+ 2 (reducing  power)> 025mLel 02M
sodium phosphate buffer (pH 6.6) 0.25mL, 1% potassium ferri-
cyanide 025mLE E3sle] 50°ColA 208 F9F WA &
10% trichloroacetic acid 025 mLE 7}5+3t}. o] k39S 350xg
oA 10%7F Aiweld & A4S 0.5mLol S/ 05mL, 1%
ferric chloride 0.1 mLE &% % 700 nmolA] S3=5 =43}
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oA 2 2w 2R A - 5 A9 A E Z3kelA 4
AEHAA S Qﬂlé} 19181 Park 5(25)°] "ol wet
oil red O stainingS FAISIATE Oil red O staining F/3A%
g T3 A AE W S FHRESE A @ F 3
ol 3T3-L1 AAFAEE 64 5 23 A7 § #AE AA
313l phosphate buffered saline (PBS)Z 33] Al%{3}o] 10% form-
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A7¥ete] 4 7Hser A2ollA JAEATt Ol red O A19FS A
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ZA]# microplate reader (EL808; BioTek)S ©]-&3ke] 530 nmoll
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e £5o 2E A - 3 2AE AT & EiRE Al
73k QlAzol lysis reagent (Qiagen, Gaithersburg, MD, USA)S
o]-gate] AZARIA AlFsh= Yl et total RNAS w3}
Atk 260 nmelA FBEE Z31 total RNAYS FHslaL
first strand cDNAZ $4d317] €131 AmfiRivert Platinum cDNA
synthesis Master Mix (GenDEPOT, Barker, TX, USA)E ©]-&3}
Rom AFE W wet &3 RNA 2pgE RNase free

Table 2. PCR condition of each primer set

g Puv 5 113

water® 9 pLS WF 70°ColA 5E7F BESAIZ] 3 2xcDNA
synthesis buffer 10 uL, ¢cDNA synthsis enzyme mix 1 pLE 4]
11 ulA ZF PCR tubed] T3 3 25°ColA] 55, 42°Coll A 60%,
70°ColA 1582 RESAIA cDNAS 9/d38titt.

a2 A k-3 (polymerase chain reaction, PCR)S Go Tag
Green Master (Promega, Madison, WI, USA) 10uL, 10 pmole<]
forward primer2} reverse primerE 717} 1L, nuclease free water
7uL, T firststand SDNA 1 uLE A7Fste] 2 4o 5 A9s
Sgom 7—}7—}«] primer= Table 12} 729™, PCRZ71-S Table 23} 7+
T} PCR AHE-2 0.002% ethidium bromide”t 3 7}et 1% agarose
geloll 100 VoA 3087+ 71985 & UV Fo=Z 32 o Jx
£ Yolrott) 2 w=9] ZE = imagel (National institutes of
health, Bethesda, MD, USA) &ZEgo}S o] &ajo] ¥4 Fsigir}.
SHEN

=
Agoflx Aozl Aol BAA F904-2 SPSS (statistical
package for social sciences, Version 10.0, Chicago, IL, USA)
programe ©]-§-3te] Y=<l 33] Wk AAZS meantSDE F#
AlBFRAL, F w7kl ZFol= unpaired two-tailed t-testZ -] 3}
fem p<0.05 5 oM 24 AP 1] FES ASsih

ZaX], 232 MEZESM 2 total phenolic compound &8
HA =R, &7 FEEY APFEE 24396 3T3-L1
Az ek AE=AS CCK-8 assay kitS o]-&3le] H7lslir).
B7rAs AEe] AEEL Fig 249 L) 2F0 = go| o]
= ZERA9 A SmgmLolA 54S UYERZ] AFReH &
:‘«1 73% 0.5 mgmLe] FxoIA F4o] Yeptr] Al 3T3-
L1 Alzel it Zetx|o] AEE5A4AELS of4 HiE ARE
2o 4 glolen, 39 AMEEAL dus FEE 4$ H

S26)% AFZAHNA 0.14 mg/mLollA F/do] vEhstew, & —ir

Table 1. PCR primer sets and expected sizes of the PCR
products used in the experiment

Size

(bp)
PPAR forward GGT GAA ACT CTG GGA GA 105
! reverse CAA CCA TTG GGT CAG C

SREBP-1 forward GTA GCC CCT TGT CTT TTG GC 244
e reverse CGG TGT GTA CCC GTA GCA TC

GAPDH forward GGA GCC AAA AGG GTC ATC AT 203
reverse GTG ATG GCA TGG ACT GTG GT

Gene Primer (5'>3")

Gene Pre-denaturation Denaturation Annealing Extension Final extension
95°C, 30 sec 55°C, 30 sec 72°C, 30 sec
PPARy 95°C, 5min 72°C, 5 min
28 cycle
95°C, 30 sec 55°C, 30 sec 72°C, 30 sec
SREBP-1¢c 95°C, 5min 72°C, 5 min
28 cycle
95°C, 30 sec 55°C, 30 sec 72°C, 30 sec
GAPDH 95°C, 5min 72°C, 5 min

28 cycle
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Fig. 2. Effect of water extracts of Platycodon grandiflorum (PG) and Curcuma longa Radix (CL) on the cell viability (A), total polyphenol
content (B), and total flavonoid content (C) of 3T3-L1 preadipocytes. The values are expressed as the mean+SD of triplicate analyses.

£p<0.05, **p<0.01
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Fig. 3. Effect of water extracts of Platycodon grandiflorum (PG)
and Curcuma longa Radix (CL) on intracellular lipid accumulation.
Lipid accumulation was measured using oil red O staining. The
values are expressed as the meantSD of the experimental
determinations made in triplicate. Control: preadipocyte, MDI
control: adipocyte
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Fig. 4. The total polyphenol and flavonoid contents, as well as the antioxidant activity of the fermented water extracts of Platycodon
grandiflorum and Curcuma longa Radix. (A) Total polyphenol and flavonoid contents of the fermentation products of Platycodon
grandiflorum (FPG), Curcuma longa Radix (FCL), and the mixture of Platycodon grandiflorum and Curcuma longa Radix (FPC). (B, C.)
DPPH radical scavenging activity and reducing power of the extracts obtained from the fermentation product. The values are expressed as the

mean+SD of triplicate analyses. **p<0.01 compared with PG,
Radix

#p<0.01, compared with CL. PG: Platycodon grandiflorum , CL: Curcuma longa
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e TN T Y, DT
il "X‘! "‘kj '”"v %
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Fig. 5. Effect of fermented water extracts of Platycodon grandiflorum (FPG) and Curcuma longa Radix (FCL) on intracellular lipid
accumulation. (A) Effects of FPG, FCL, and a fermented mixture of Platycodon grandiflorum and Curcuma longa Radix (FPC) on lipid droplet
formation in 3T3-L1 cells. (B) Quantification of the relative lipid content using oil red O staining. The values are expressed as the mean+SD of
the experimental determinations made in triplicate. *p<0.05, **p<0.01, relative to the MDI control. MDI: 0.5 mM isobutylmethylxanthine

(IBMX), 1 uM dexamethasone, 10 pg/mL insulin

Jeon 5(40)2] AFAAM= 24729 Aspergillus oryzae 'REE
3 gk GFo] PAENOH, Kim @41 I =R
ikt B JolETEES JHdske 20R BT
Aol A= Fig. 49 AFelA Egdls ¥ FepRwol=9] 3
I kstEd o] oAl EFSlal Fig 594 BEe whel o
3T3-L1 A= #37F =244, &5, 524 9 &5 £g=9
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AEE Aol AFHAT) Adipocyte2 2] #3171 2EH MDI
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Fig. 6. The mRNA expression levels of SREBP-1¢ and PPARY by
treatment of the fermented Platycodon grandiflorum (FPG),
Curcuma longa Rhizoma (FCL) and mixture of Platycodon
grandiflorum and Curcuma longa Rhizoma (FPC). (A) SREBP-
1c mRNA expression resulting from the water extracts treatment of
FPG, FCL, and FPC. (B) PPARy mRNA expression following
treatment with water extracts of FPG, FCL, and FPC. The values are
expressed as the mean+SD of triplicate analyses. *p<0.05, **p<0.01

relative to the MDI control. MDI: 0.5 mM isobutylmethylxanthine
(IBMX), 1 uM dexamethasone, 10 pg/mL insulin.
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