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Effects of Lonicera caerulea extract on adipocyte differentiation and adipogenesis
in 3T3-L1 cells and mouse adipose—derived stem cells (MADSCs)*
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ABSTRACT

Purpose: Obesity is a major health problem of global significance because it is clearly associated with an increased risk
of health problems, such as nonalcoholic fatty liver disease (NAFLD), diabetes, cardiovascular diseases, and cancer. Lonicera
caerulea (LC) originates from high mountains or wet areas and has been used as a traditional medicine in northern Russia,
China, and Japan, LC contains a range of bioactive constituents, such as vitamins, minerals, and polyphenols, This study
examined the anti—obesity effects of LC during differentiation in preadipocytes. Methods: The cell viability assay was
performed after the differentiation of 3T3—L1 cells for 7 days. Oil Red O staining was used to visualize the changes in lipid
droplets in 3T3-L1 cells and mouse adipose—derived stem cells (MADSCs). The mRNA expression of obesity—related genes
was determined by quantitative real—time PCR, Results: According to the results of Qil Red O staining, the lipid levels and
size of lipid droplets in the adipocytes were reduced and the LC extract (LCE, 0.25—1 mg/mL) markedly inhibited adipogenesis
in a dose—dependent manner, The treatment of LCE also decreased the mRNA expression of peroxisome proliferator—activated
receptor v (PPARy), CCAAT/enhancer binding protein—a (C/EBPa), and sterol regulatory element binding protein 1 (SREBP1)
in 3T3-L1 cells, Western blot analysis showed that the PPARy, C/EBPa, and SREBP1 protein levels in both 3T3—-L1 and MADSC
were reduced in a dose—dependent manner, Conclusion: These results suggest that LCE can inhibit adipogenic
differentiation through the regulation of adipogenesis—related markers.
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o] ARET Qlot} 2 oA TRt xyow B
et 4= = ALFHETIAME (ex vivo)E o]8dt Z
Moz o Bal fiEo] e ATt AHEHL 9
[15]. ]tﬂ—o EH§7]A1]:-E‘— \:ﬂ-‘o_ OFO OO X o)) o]-z%x%
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A= sty ARSI, ARE 2dy (Hanil,

Seoul, Korea)= I}2{|5}o] 60°C 4=% (Chang Shin Co.,
Seoul, Korea)o|A] of|ehr-2 25%7} 55 Z=F52 3A7H
ok 3l 22a}9lc) S0 22HE ol5k4] No. 2 filter
paper (Toyo Roshi Kaisha, Tokyo, Japan)Z E|3}
60-65°C2] %ol 3A 5=7] (EYELA, N-N series,
Shanghai, China)ollX ¢t =A1AH SuiE &38| A|A
slof Al stk Aolil Az 2000 RSk
o 88 22 A AR S gt 22 T 5Folo) vl
BEE 25% oeF FEZ2EA 14.44%= VERGTH
3T3-L1 R[N =

3T3-L1 A|®AA| 3= American Type Culture Collection
(Manassas, VA, USA)oA T3l tt 10% bovine calf
serum (BCS), 1% penicillin & streptomycin (Gibco BRL,
NY, USA)o| 335 DMEM-S ARE-3te] 37°C, 5% CO2
o)A BjFsITh AlZA] FAlo] T TlE A
& s)aal7] ialo] 48 A7kt WA wEL AA|ste] 4
o) HES SASHTL AMAIE Ho} @ Ak P vjol o
ol 2 peroxisome proliferator-activated receptor-gamma
(PPARY), CCAAT/enhancer-binding protein-alpha (C/EBP
o), sterol regulatory element-binding transcription factor 1
(SREBP1)E S74313ith

X[2olM FET X[UFEHE7|MZE (mouse adipose—
derived stem cells, MADSCs)
A8 E7| M 2= 453 2] C57BL/6 mouseS -3}

A% &% T A4 (subcutaneous adipose tissue (SAT),

o]
epididymal adipose tissue (EAT)<} retroperitoneal adipose
dissue (RAT)S A7 510] ALgsTt. A7 e s
A2lete] AgEs] & dd Eelsked
stromal vascular fraction (SVF)& & 3 10% BCSE A
7}et DMEMo]| &¢] 10 mm disho]| 37°C, 5% CO2 2719
/\1 HH"k?S‘]-OjE]- 0]% % 6 well plateo] wellig 1 x 10° cells

collagenase 1S
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[e]
2u=
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MZ=M Tt (CCK-8 assay)
A HPALA3ES] 3T3-L1 cell& 10% BCS7}F =x3ot=
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DMEM Hjz]of 2 x 10* cells/well2 96-well plate®] well
o 100 pLA EFE3Hch 2447 & LCES w&49 (0,
0.05, 0.5, 1.25, 2.5, 5, 10 mg/mL)2 2|3t 5| 2z} 24,
48, 72|17k Fot wjokstoith. Zt wello] CCK-8 894 10 pL
2 Jfoha Aol B Asfske] 2417 Bt chA) v
et 5 450 nme| SgelA] FHEE SAskoich RE
43S 35j014 wEsIelT,

MzZEst R

HEZE 1x10° cells/well2 3|4 A|7# 6 well plate (SPL,
Korea)of| E£35F & 327} 80% 73 A] 0.5 mM IBMX
(Sigma, Missouri, USA), 1 puM Dex (Sigma, Missouri,
UAS), 5 pg/mL Insulin (Sigma, Missouri, USA)©| 3Z3+%]
DMEM (10% FBS, 1% penicillin/streptomycin) &2 &35}
E 53519 39%E 5 pg/mL insulin®] Z3HE DMEM
(10% FBS, 1% penicillin/streptomycin) &2 A5} T}
AEES §EI7He F TUR APTe Be AR
oA 7HR] B3 E mediumY] LCEZFZHS] H& (0, 0.25,
0.5, 1 mg/mL)Z 2|3}, B3t G=3137 LCES A
3HA] &S L (0 mg/mL)S )= (Control) 0.2 AFQF
o e ARe 3ol sy,

Oil Red O HM 3 X|WEX it

LCEE 52 oh7] Aelshel Bakizl AEol 4%
formaldehyde S A 2|3te] 3081 ARolA AT
DAt A|3EZof 0.4 pm filter2 ]St Oil Red O FAA|eF
= 2027 ARt § SF2 Oil Red O XA 5
B3] MAslarl AR =53 u]7d (Nikon Eclipse microscope,
Tokyo, Japan)ojlA] x 10082 st} AIEFS SFA
o} A}I2H 3 isopropanol g H2]ste] AlE AlE
Toll A Oil Red O FHeFS &3 F 500 nmoj|Af
w2 2459 BUT APL 33jol uhnatol

ssick

AN g N
o2l off o

X|d 23t 2 [T mRNA LEE 3
LCEE 5= o Aglsto] 23HA71 A5 PBSE 2
3] NIA3 T N|ZE 42E3}F0] RNA extraction kit (17221,

Table 1. Sequences of primers for quantitative real-time PCR in this
research

Gene Forward (5-3') Reverse (5'-3)

PPARy TITICAAGGGTIGCCAGTTIC ~ AATCCTIGGCCCICTGAGAT
C/EBPa. TTACAACAGGCCAGGITICC  GGCTGGCGACATACAGTACA
SREBP1 TGTIGGCAICCIGCTIAICTIG  AGGGAAAGCTTIGGGGICTA
B-actin  CTGTICCCIGTAIGCCICTG ATGTCACGCACGATTICC

iNtRON Biotechnology, Gyeonggi-do, Korea)2 ©]-835}¢]
total RNAS E2|3}%ch. RNA 50 ng2 ¢cDNA=Z FHAJSH
5. SYBR Green Master Mix (TaKaRa Bio, Otsu, Japan)&
ARS51ed ABI QuantStudio 3 (Applied Biosystems, California,
USA) 4|2 qRT-PCR 248 Safsisie). xefoluli
PPARy, C/EBPa, and SREBP1 £0]%]Ql Zalo|HE AR
SF3T} (Table 1). 2= A7 33] o4 ¥HE Hgsl3ich

X E5h SAAISO| S Wl £

B3P} 955 HEZE ice-cold IxPBSE & ¥ A3 &
PRO-PREP Protein Purification Kit (iNtRON, Gyeonggi-do,
NS gaAZ B8Y FEL BCA
Protein Assay Kit (Thermo Fisher Scientific, Massachusetts,
USA)= S7513laL, A28 AsS thlasko] 30 pg
E|%=Z 10% SDS-PAGE gelo] loadingd}o] electrophoresis
st Al U] Thal S E2)sl . H, PVDF western blotting
membrane (Life Science, CA, USA) o] 2514 tl PPAR
v, SREBP, C/EBPaq, B-actin®] 12} 3}#|+= abcam (Abcam,
Cambridge, USA)of|A] +d3to] ARE-8HIAL 4°CoflA] HIAY
incubation gt %, horseradish peroxidase-conjugated 22} &
A (Promega, Wisconsin, USA)&& FZA]A A==
enhanced chemiluminescenceS ImageQuant LAS500 (GE
Healthcare, Massachusetts, USA)2 S}t BE AHL2 3
5] ol v AFIk

Korea)& 4

SHEA

FAEA e AR FA B4 GraphPad Prism®5
(Graphpad Software Inc, CA, USA) T2 1S 0]-g35}o]
33] o]} 243t Ht (mean)T} EEHA} (S.D)E LERY
ok 7 A% 2 29 fOH AEL Slstel U HjH &
A B4 (one-way ANOVA)C 2 EAE om Tukey’s
post hoc test® EA]E}o], §-0]4Z p-value<0.05 ¢l 7%
Folo] gl Ao BT

Z 1

MZE 47}

LCES 3T3-L1 AlZo| Heste] AL S} AZ Z4)
52 RIStk 24, 48, 7241710] BTHstel%E 125 mg/mL
olste] sl A] AL EAL THIEA| SRRLIL 80% o]AF
o) &L Bk 5 myml oFe] oA 48417}
ol MEFAso] 325 Wolirk et 24412 7
3} Aol 5 mymLolake] EA Al et} 2
dolet & WAL} (Fig. 1). 919 Aoke vigoz
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Fig. 1. Effect of Lonicera caerulea exiract (LCE) on 3T3-L1
preadipocytes proliferation. 3T3-L1 preadipocyte cells were treated
with the indicated concentrations of LCE for 24, 48, and 72hr and
cell viability was estimated by a CCK-8 assay. All experiments were
repeated at leost three times and data represent means + SD.
** < 0,01, ***p <0.001 vs. Con.
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Aol AHE3E B2 1 mgmLolatel 0.25, 0.5, 1 mg/mL
o= AYsieck

Oil Red O S 4 x|8t=X T}
AATFAE 2 AYFESrIAEe] B3t 9 lipid

droplet A HEE 3H0l517] 9Jske] LCEZ 0, 0.25, 0.5
o} 1 mgmLE 3|4 #e)ste] B3}2 9E=3t & Oil Red
O FAL AX3}%L, Fig. 2 & 33} o] Ygo|upit A
FEES APskA] g APAEESE fEg dx2dt
(Con; 0 mg/mL)|| H|3l] LCEE A 2|3t Fol|A] sE=olE4]
o7 ZHL Aol oA E = AL TS 4= 9l}iT) Fig.
2A+= 3T3-L1 APPAAA2ES] LCE 5= AE3f=
Axolt. £3H5 Al71A] 2 Prete] H]3|| Contt Al
3 27|17} ARAL Oil Red O FAof ofsf WA A
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Differentiation
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Fig. 2. Lipid accumulation was determined by Oil Red O staining. LCE freated 3T3-L1 adipocytes (A) and lipid levels in 3T3-L1 adipocytes

(B). Original magnification 200X. Data represent means = SD. ** p < 0.01,

*** < 0.001 vs. Con.
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Fig. 3. Lipid accumulation was determined by Oil Red O staining. LCE treated mouse adipose-derived stem cell (MADSC) adipocytes (A)
and lipid levels in MADSC adipocytes (B). Original magnification 200X. Data represent means = SD. *** p < 0.001 vs. Con.
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AE 2Rl 4= Qlk o] ARte LCEF=7F ol
5 Aol A717F AofAlm M7 dojA]= A =
4= Stk o= FF=S 343 A3t (Fig. 2B)ollA %
4 # yepdth 53] LCEE A 2ot & A 23
S =3t o) HIE) 1 mg/mL 5=of|A] lipid droplet &
Aol 71 wo] A o] 82% fFo g Foju|st A
A3lt} (p<0.001). Fig. 3-& upe-2 2|ulo A MADSCsS
EIAIA A Aato|r}. 3T3-L1 AtA|2o] A ket
U7 R 23} e & LCEFE oEA oz Ao
=7)7}F Faxskal A zro] fofAlet (Fig. 3A). &= 374
A} BE FEoA p<0.0019] fojulet AuE Aqdth
(Fig. 3B). o] A1t= LCE: 3T3-L13 A -Ga&7) A=
o A 2= Al AYEe] A7)0k A el PR
n3= Aoz 2lE ik

Xlgt 23t B QRIS mRNA WHE £X

LCES A2 3T3-L1 AMA7A|Ee] Haahgel
AAEEEE 2451 HARIAE (PPARy, C/EBPo,
SREBP1)©] mRNAYES Abo] woleh (Fig. 4). LE 5=
oA A1 S) mRNAZFA L th o] v]s) A= o
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2 5k 9&HOoF Qo o] Fig. 4D2] western blot
Aol A LCEY] =7} F7Fghol| whet ez Wal . 2t
AFE HojEr)

X 23t FHASO| chlE Waiz =X

3T3-L1 39l o}g} MADSCso| A= LCES swdH=a
A shH Al AHA| RIS F-=5k3lT: Fig. 59 western
bloto] AyfofA B AXHH LCES AH|shA] &2 iz
& PPARy, CEBP/a, SREBP-19] w&o| Z7}5}9lct
LCES s=HE Agsidls o Fo4 A Hdadt= A
= 3T3-L1 A|2z8at ofyzt MADSCsol A &= SFQ15}3i T
tizto] Hlg] LCEQ] F=oEA s MADSCsol 49
PPARy, C/EBPo, SREBPI Thl & =IO mi: 7hAsH]
31 SREBPI thize] u|sj PPARy, C/EBPo Thuf o] v
AL woll A Fol= A& & 4= 3ok (Fig. 5A, B, and
D). PPARy, C/EBPq, SREBP1 THilz] HF&lo] Z7}skia
ARA| s 23l7h SR Al oAb A ARe] 3
ol S7ksHA "ot [22,23]. 919 dafz Hol MADSCs
of| ] LCEA 2|2 FEO|EH 0= AUAE B35 oA
Sl= Ao g UEyTh

B —
© & 15-
S
=
2 1.0
@
a *
B
< 0.51
[+
E
2
< 0.0
e« Con 0.25 0.5 1
Lonicera Caerulea (mg/ml)

D)

PPARY |t - — |
C/EBPo [ o |
SREBP1 | s e e |
B-actin s cmm s——
Con 0.25 0.5 1 mg/ml

Fig. 4. Effects of LCE on the expression of genes associated with adipogenesis in 313-L1 cells. The expression of Poary (A), Clebpa (B),
and Srebp1 (C) were quantified by real-time PCR and normalized by B-actin as an infernal confrol. (D) Westem blot analysis of PPARy,
C/EBPa, and SREBP1 protein. Data represent means + SD. * p < 0.05, **p < 0.01 vs. Con.
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Fig. 5. Effects of LCE on the expression of protein associated with adipogenesis in MADSCs. The protein expression of PPARy (A), C/EBPa
(B). and SREBP1 (C) were normalized by p-actin as an infemal control. (D) PPARy, C/EBPa, and SREBP1 protein levels by Immunoblot analysis.

Data represent means + SD. *p < 0.05, **p < 0.01 vs. Con.
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o} o]& AI7FA] AARIARE A AL 23 3 F 217
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A=, A AEA
$707 e opao] wish ek ope)
FEf Q] W3l EZE FAof] Yoldtt [34].
L (Lonicera caerulea)= 2151} Q15w =<0
S3lt JAnEoR B9, Bolieh HEolie} 5
sk 9~ 600F0f o] 2t} [35,36]. FHolu &
1= blue honeysuckle = E-2]-2-L} honey berry, sweetberry,
honeysuckle, edible honeysuckleZ2 &2]7|%= 3ttt [37]. &
whe Tegolut Aupels 28 AR oYl &
kot A gHatet 28-& mekErt [13]. 2t 71 iAo
AVE Hol= AR Yelgow, WigFe s 2yt
o] Tt A7 mnE o} Slek [38). shA, Welo]

B odujE ol ulet Bl AL vl ARt
A AATAIES] B8 D A A4 elAlo] Bt AT
A9l ¢l AlAo|t}

3T3-L1A| o] ol dnfj 552 797 A
B A ekl WARIAE 9 T0] ukE v
&S At E A3} PPARy, C/EBPo, SREBP12] mRNA
23} T e 2 e oEHoR g uls) o
Yot Al 2EES A3 FolA gt o
= Yol gl =S ADS e AR
AREANE FAT ATk Atk oleld Avke A
H3lo]| HA]& 9] PPARy, C/EBPo, SREBP12] mRNAW3E
A8k g Wl Aol Qosla Uolsl 3T3-LIT o
T2 AAET7IAZW A @4S AN At
2 2ozl How Ant % Wholr o 22E
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AP AT 271S Gl Ao Yo
H| 2|70 AR oA lEﬂr A A= o]

>
o o
N

N

;

of

F 2
e

N

%

%

X

O

of &2

&)

Z]

ﬂE

ﬂl

¢

Aol ofg QkEAlobo] Fatel dhide M
gol 97k H1 itk Kim 5 [41]0] w2 4939

QFEAJopdo] 3T3-L19] &3} 3 F A 41 2%
Halo] aE Fa3F Gl PPARy] HHES o)A A]
HPE@F&"}E *J WU (Cornus kousa )%‘011*1 ofgt

e 1 ol R0 Mg ot
W E4e Azl Aol o ﬂs}ﬁu} QTN
o] F5gE 28E0] AMPK O QUHshgE SV
31 B8} o]i= QFE Ao Q] antiangiogenic activities
T Aol 9= Ao R nvukE ZEG £ Y= 7|54
o 4

RS Akt [42].

rulo

re
(2
4
2
>
T
i)
_{
g 2
r_

T%?_ OTEAJold o] AJHFA|Z

[s]o1A1 2t fFAFSHA], g olut
“H szwe zmtw oA AT Aol
Aoz yehdth A a7} aE 3T3-L18gt
oA A WSS ZA A dnjAd ARoZ 1
P RS o] Lol o olx| ALt Fol|
oty ol T E =A59S mjet 7
ol o kA3 Ao ettt ZEXHO =R,
EEB}of| QoA HEEA] H gt HARIAES)
ojUE Fulf FEEo] AAA o2 <Qlsto]
o] WrolA 1 AT FAL oAl L 7]
P E

I

m&&{%:
19
;Y
o
_r;

i—ﬂ

_219,-{1112

r
g © i
=]

™

-

o)

rr
o f

al

o
i
o w
'LJX‘O—{‘

o
Iy

2

ok

A

1= e r
1= of

b
o
e of

pav
o
S~

O Of
a9

2 Ao oyt duff &Eo| 3T3-L1} o}
FraflETIAEe] A £akiE 9 Al
& ARSIt 3T3-Llof Wolupf duf 5
=2 AYSE W, sEoEAom QY] YdE
SR AYAIEZ 23] QlojA Fa7t FARIARG] PPAR
v, C/EBPo, SREBP19] & AAIA AW o] fa
S =lskolch E3E vhes Aol Eelgt 2742
of A Bt oA e ol duj 2EE0] PPAR
v, C/EBPo, SREBP19] thalzl Wba]-S ZFAA|A X|HF &3]
.9_ L—_E_ 9]}..;(—] oz OJxﬂ;}oﬂr/}

2 o
o> [y T
'OB.OE

_>i

tlo |

ol

ojAfo] Atz gdolyt duf 2EHEL AEEA0]
9 oA RH) A ZO] BakE o] = A ow Blo]
o} Fut 7)54 AR EA Q] B 7sAlo] Qe Ao

2 AlR=Hoh

ORCID

gtu] 9]: hitps://orcid.org/0000-0002-9124-0004
0]&%: https://orcid.org/0000-0002-1039-1434
o]3}|A: https://orcid.org/0000-0001-8353-3619

References

1. Yatsuya H, Li Y, Hilawe EH, Ota A, Wang C, Chiang C,
et al. Global trend in overweight and obesity and its association
with cardiovascular disease incidence. Circ J 2014; 78(12):
2807-2818.

2. Kopelman PG. Obesity as a medical problem. Nature 2000;
404(6778): 635-643.

3. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz
WH. The disease burden associated with overweight and



24/ oty Al FEEo] A E3ket Al miAe 9

11.

12.

14.

15.

17.

18.

19.

. Rupasinghe

obesity. JAMA 1999; 282(16): 1523-1529.

. Bell L, Lamport DJ, Butler LT, Williams CM. A review of

the cognitive effects observed in humans following acute
supplementation with flavonoids, and their associated mecha-
nisms of action. Nutrients 2015; 7(12): 10290-10306.

. Han MH, Kim HJ, Jeong JW, Park C, Kim BW, Choi YH.

Inhibition of adipocyte differentiation by anthocyanins isolated
from the fruit of Vitis coignetiae pulliat is associated with the
activation of AMPK signaling pathway. Toxicol Res 2018;
34(1): 13-21.

. Leu SY, Chen YC, Tsai YC, Hung YW, Hsu CH, Lee YM,

et al. Raspberry ketone reduced lipid accumulation in 3T3-L1
cells and ovariectomy-induced obesity in wistar rats by
regulating autophagy mechanisms. J Agric Food Chem 2017;
65(50): 10907-10914.

HP, Yu LJ, Bhullar KS, Bors B. Short
communication: haskap (Lonicera caerulea): a new berry crop
with high antioxidant capacity. Can J Plant Sci 2012; 92(7):
1311-1317.

. Kéhkonen MP, Hopia Al, Heinonen M. Berry phenolics and

their antioxidant activity. J Agric Food Chem 2001; 49(8):
4076-4082.

. Wang SY, Lin HS. Antioxidant activity in fruits and leaves

of blackberry, raspberry, and strawberry varies with cultivar
and developmental stage. J Agric Food Chem 2000; 48(2):
140-146.

. Han SJ. Protective efficacies of Aronia melanocarpa (blackberry)

on the allyl alcohol-damaged hepatocyte of mice. Korean J
Pharmacogn 2013; 44(1): 91-96.

Kim JH, Jo MN, Han JH, Pyo SH, Kim TS, Kim EH, et al.
Anti-inflammatory activity of the fruits of blue honeysuckle.
Yakhak Hoeji 2016; 60(5): 235-242.

Ko GA, Koh YS, Ryu JY, Kim Cho S. Comparison of
proximate compositions, antioxidant, and antiproliferative
activities between blueberry and Sageretia thea (Osbeck) M.C.
Johnst fruit produced in Jeju Island. J Appl Biol Chem 2017;
60(2): 161-171.

. Zhao H, Wang Z, Ma F, Yang X, Cheng C, Yao L. Protective

effect of anthocyanin from Lonicera caerulea var. edulis on
radiation-induced damage in mice. Int J Mol Sci 2012; 13(9):
11773-11782.

Vostalova J, Galandakova A, Palikova I, Ulrichova J, Dolezal
D, Lichnovska R, et al. Lonicera caerulea fruits reduce
UVA-induced damage in hairless mice. J Photochem Photobiol
B 2013; 128: 1-11.

Aune UL, Ruiz L, Kajimura S. Isolation and differentiation of
stromal vascular cells to beige/brite cells. J Vis Exp 2013; (73):
50191.

. Strem BM, Hicok KC, Zhu M, Wulur I, Alfonso Z, Schreiber

RE, et al. Multipotential differentiation of adipose tissue-derived
stem cells. Keio J Med 2005; 54(3): 132-141.

Harmon AW, Harp JB. Differential effects of flavonoids on
3T3-L1 adipogenesis and lipolysis. Am J Physiol Cell Physiol
2001; 280(4): C807-C813.

Rosen ED, MacDougald OA. Adipocyte differentiation from
the inside out. Nat Rev Mol Cell Biol 2006; 7(12): 885-896.
Lee YM, Yoon Y, Yoon H, Park HM, Song S, Yeum KJ.

SF

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

Dietary anthocyanins against obesity and inflammation.
Nutrients 2017; 9(10): 1089.

Azzini E, Giacometti J, Russo GL. Antiobesity effects of
anthocyanins in preclinical and clinical studies. Oxid Med Cell
Longev 2017; 2017: 2740364.

Lee B, Lee M, Lefevre M, Kim HR. Anthocyanins inhibit
lipogenesis during adipocyte differentiation of 3T3-L1
preadipocytes. Plant Foods Hum Nutr 2014; 69(2): 137-141.
Tontonoz P, Hu E, Spiegelman BM. Regulation of adipocyte
gene expression and differentiation by peroxisome proliferator
activated receptor y. Curr Opin Genet Dev 1995; 5(5): 571-576.
Wu Z, Puigserver P, Spiegelman BM. Transcriptional activation
of adipogenesis. Curr Opin Cell Biol 1999; 11(6): 689-694.
Oh SW. Recent epidemiological changes in Korean obesity.
Korean J Helicobacter Up Gastrointest Res 2017; 17(2): 62-65.
Muir LA, Neeley CK, Meyer KA, Baker NA, Brosius AM,
Washabaugh AR, et al. Adipose tissue fibrosis, hypertrophy,
and hyperplasia: correlations with diabetes in human obesity.
Obesity (Silver Spring) 2016; 24(3): 597-605.

Ailhaud G, Grimaldi P, Négrel R. Cellular and molecular
aspects of adipose tissue development. Annu Rev Nutr 1992;
12(1): 207-233.

MacDougald OA, Hwang CS, Fan H, Lane MD. Regulated
expression of the obese gene product (leptin) in white adipose
tissue and 3T3-L1 adipocytes. Proc Natl Acad Sci U S A 1995;
92(20): 9034-9037.

Yu S, Shin S. Effects of Carthamus tinctorius extract on
adipogenic differentiation of mouse bone marrow-derived
mesenchymal stromal stem cells. J Int Korean Med 2017; 38(1):
1-9.

Chen G, Li H, Zhao Y, Zhu H, Cai E, Gao Y, et al. Saponins
from stems and leaves of Panax ginseng prevent obesity via
regulating thermogenesis, lipogenesis and lipolysis in high-fat
diet-induced obese C57BL/6 mice. Food Chem Toxicol 2017,
106 (Pt A): 393-403.

Zuk PA. The adipose-derived stem cell: looking back and
looking ahead. Mol Biol Cell 2010; 21(11): 1783-1787.
Grégoire F, Todoroff G, Hauser N, Remacle C. The
stroma-vascular fraction of rat inguinal and epididymal adipose
tissue and the adipoconversion of fat cell precursors in primary
culture. Biol Cell 1990; 69(3): 215-222.

Pandurangan M, Park J, Kim E. Aspartame downregulates
3T3-L1 differentiation. In Vitro Cell Dev Biol Anim 2014;
50(9): 851-857.

Umek RM, Friedman AD, McKnight SL. CCAAT-enhancer
binding protein: a component of a differentiation switch.
Science 1991; 251(4991): 288-292.

Cornelius P, MacDougald OA, Lane MD. Regulation of
adipocyte development. Annu Rev Nutr 1994; 14(1): 99-129.
Smolik M, Ochmian I, Grajkowski J. Genetic variability of
Polish and Russian accessions of cultivated blue honeysuckle
(Lonicera caerulea). Genetika 2010.46(8): 1079-1085. 10.1134/
$1022795410080077

Plekhanova MN. Blue honeysuckle (Lonicera caerulea L.) - a
new commercial berry crop for temperate climate: genetic
resources and breeding. Acta Hortic 2000; 538(538): 159-164.
Skupien K, Ochmian I, Grajkowski J. Influence of ripening time



38.

39.

40.

Journal of Nutrition and Health (J Nutr Health) 2019; 52(1): 17 ~25/25

on fruit chemical composition of two blue honeysuckle
cultigens. J Fruit Ornam Plant Res 2009; 17(1): 101-111.
Joseph SV, Edirisinghe I, Burton-Freeman BM. Berries:
anti-inflammatory effects in humans. J Agric Food Chem 2014;
62(18): 3886-3903.

Song Y, Park HJ, Kang SN, Jang SH, Lee SJ, Ko YG, et al.
Blueberry peel extracts inhibit adipogenesis in 3T3-L1 cells and
reduce high-fat diet-induced obesity. PLoS One 2013; 8(7):
€69925.

Tsuda T. Recent progress in anti-obesity and anti-diabetes effect

41.

42.

of berries. Antioxidants 2016; 5(2): 13.

Kim HK, Kim JN, Han SN, Nam JH, Na HN, Ha TJ. Black
soybean anthocyanins inhibit adipocyte differentiation in
3T3-L1 cells. Nutr Res 2012; 32(10): 770-777.

Khan MI, Shin JH, Shin TS, Kim MY, Cho NIJ, Kim JD.
Anthocyanins from Cornus kousa ethanolic extract attenuate
obesity in association with anti-angiogenic activities in 3T3-L1
cells by down-regulating adipogeneses and lipogenesis. PLoS
One 2018; 13(12): e0208556.





