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Effects of Loquat(Zriobotrya japonica Lindl.) Extracts in Different Aerial
Components on Differentiation of 3T3-L1 Cells and Pig Preadipocytes

Hwan Lee - Jae-Joon Lee’
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

The current study was undertaken to determine the effects of the ethanol extracts of loquat
(Eriobotrya japonica Lindl.) seeds, flesh or leaves on the differentiation of 3T3-L1 cells and
male pig preadipocytes. The cell number was measured with the MTT assay after trypsin digestion.
The cell differentiation was determined by measuring the glycerol-3—phosphate dehydrogenase
(GPDH) activity and triglyceride(TG) content. No cytotoxicity was observed from the loquat
flesh and leaf ethanol extracts at concentrations of 5, 10, 25, 50, 100 or 200 pg/mL in 3T3-L1
cells and pig preadipocytes. However, the cell viability of neither cell line were affected by up
50 pg/mL of loquat seed ethanol extract. Treatment with the loquat seed and leaf ethanol
extracts significantly suppressed the terminal differentiation of both cell lines in a dose—dependent
manner, as confirmed by the decrease in the glycerol-3-phosphate dehydrogenase(GPDH) activity
and TG content. Treatment with the loquat seed and leaf ethanol extracts inhibited the GPDH
activity and reduced the TG content of both cell types more effectively than that with the loquat
flesh ethanol extract. The most potent anti—adipogenic effect was obtained in the case of the
ethanol extract of loquat seeds.
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HITRS o] Al ) 3goR dofuh=
Aoz 7o) R Aaks AX TR
FEjE APGAEe] FAE o], APTAIES] S22 A
717} S7 A 2hegh AEAo] Aot Chen &
Farese 2005). & W2k XA ¥ (preadipocytes)
2HE FAHS AXA ks 8 AR
(adipocytes) 7} 7 AJE]L, o5 AP S
Aol FA )= U] adipogenesis 8-S 71X
A 3HACH Roncari et al. 1981; Gesta et al, 2007).
APAE= g ol thekst A ELDS T
shal b MERE ATl Ew 2 sl
& M= 3108 WERRTH Choi et al. 2010; Song
et al. 2013: Jeong et al. 2015). SH|TF 754 A
A A o 2AEe] BalabdS oAlst
At AEEE Sk e Behs ke
2 2853 Qi (Kwon 2016; Song & Choi
2016). F o= A=l 7% phytochemical,
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A, s S7HA Rk 237t Qlrke A
(Choi et al. 2010; Song et al. 2013: Jeong et al.
2015)¢} tiEo] o5& o8k A7 154 T
o] thFatAl o] FolAaL Tk,

V) IP V5 Eriobotrya japonica Lindl. )= 7372}
(Resaceae)ol| &3l =0 = vl 4|, Gujf 4l
& 3 g o=y ARG Bl
12 H|gdeletar B2, WAlzE #e] glar oRgh
L= Zlo] 540w dea] ap oko®m AR
™, H¢] A3} 73S WAL 7RIS flele=
a5 WelFa 7 2, dekeel
aso] ok 4 UrkRoh et al. 2013). H]}
olo] F=98 AL sesquiterpene WIZA|E ferulic acid,
nerolidol & &-835t1 9J o (Lee et al. 2004),

triterpene A9} 313HE-23= ursolic acid, oleanolic
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acid, maslinic acid, tormentic acid, hyptadienic acid
55 ekl e Al W a1(Shimizu et al. 1996;

Taniguchi et al. 2002)H A} o2} o] ikt Az
D o= <ls) vlgt 9 i (Shimizu et al.
1986; Chen et al. 2008), @4FsH(Jung et al. 1999),
&}935(Huang et al. 2007; Matalka et al. 2007), 3
o] 2 aelsb(To et dl. 2002) Fs©] U= AL
2 BRIk v} A= du)) ol 5 PeiE 2
S w31 9l oW (Yook 1986; Cho et al. 1991),
polyphenol et w5 Hfrslal Qlof 4lsh4] ~E
25 AAaA7]E FLtskaaH(Kim et al 2006)2F
tyrosinase A3l @G} = AoZE Ha(Kim et
al. 2009)=|3Ack Hjzh= SaAts waL 9lom <73
A& o] Bar frlite]l AAl el o] vE
Il vjste] @A} uluA a1 wilo] ek A
o] E4olck vgtdnli= theket /<] carotenoid 4
Z~(De Faria et al. 2009), polyphenol, flavonoid 2!
HIER C= 3Hfakal 2lo] @Aksla v (Ercisli et al.
2002)7} 3= AoR Bt o]9} o] Hlv=
FepdE 7zt Aejdrd o] v S SlotA
AZE 71678 =] T Zde] ot vlgt
F-9lol whE amRkasol gk At obF] mlest
7ol

H| 27} A AL E8lol] WA= gaks dolr
7] §18td 7 T AHATAIEE A8
3T3-L1 A3 vk Alfro Al (fibroblast)?1 3T3
AEollM Feel AEFEAM, AESE EAJv 24
gk uljeF Z2ploR AR ksl 54E 2l
ol AAEES] gARA S B2 APEA A A
AlpEe] S dTtehs AR Wol AREE AL
JtH(Rosen & MacDougald 2006). H) A& 4%
(Lunney 2007), 34814} (Pracy et al. 1998) 3! AJe]
B4 (Mel & Xu 2003) 57o] Alght} IS} v
of AbES tiAH & A3 ERE ol A7 vk
FHZ WA E o] &3 drlsS, o HBdds &
tleksl A Eo] 3w a luh(Litten—Brown et al.
2010). 7t Eljoft siA|E=RE wEefgh AdTAES]
primary cell 3T3-L1 A28} vh27] 1 A3E Alst
oA vl A8 7hsdo] B uEell ARSSIIT
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1. HEi=

B Aol AVe-¥l B3 Erobotrya japonica Lindl.)
o] Guje} 92 Hdepde HAEA] HAERRS(Natural
food—http:/www.0808.or k)l A -iate] Avlji=
53 A2 Felste] ARSI Blak 4, 35 3

ol Al A 2 E5ad S AF —70C deep
freezer(MDF—U52V, Sanyo, Osaka, Japan)°llX] 3%
AIZ1 % =70C 5471271(ED 8512, Tishin, Yangju,
Korea)oll 71%s}o] w3712 whf & —70CollA s
HASHA AlRR ARSI

2. H|ot K, Itg 2 A9 HEtE F&
&A1z AR ek A, I B o2 242 100 g
80% ethandl 1500 IS A7Isle] skvgziato] Faks
65C Heating mantle(Mtops ms—265, Seoul, Korea)©ll4]
3AIRE A 380l A F=3I9IT) 282> Whatman
filter paper(No.2, GE Healthcare, Buckinghamshire,
UK) 2 oAa}gl 5 of b2 40C 8 Aol A rotary
vacuum evaporator(EYELA VACUUM NVC—1100,
Tokyo Japan)Z o] 83} {ulE AAS TS 7kkE
Zalo] ]z A, 3% 1 Qo] 5% £ Tk
15 AR ABlE e | ffel —0Cel| e 1k
SISACE 2t ARl 5l ik AlRe] A 33 Nk
AT

3. 3T3-L1 MZHHY & 23T

3T3-L1 AMAIES] Bk Chen et al(1997)2]
H]—H—LQ. 01:7]. tﬂsﬂg}o:] /\1/\] 1;} 10% FBS7]' 6}0
DMEM BJA|E- o]-g3}e] 37°C2] 5% CO. incubator

0] 3T3—-L1 MZ2t =HX| X|LMTM|ZEL| 2510 O|X|= &1 865

(MAC—18AIC, SANYO Electric Co,, Itd, Sakata, Japan)
oA wigsiik 3T3-L1 A APBAE= 2k} A1
Sk uiA| = wBs) F).om, Al U7} 70~80%°1
o211 05% 10 X trypsin—EDTAE: #J2s}ed Al) wj
SIS APAIER F8ks friesy] ffal] 3T3-L1 Al
Z= 12—well cell culture plateol] 1 X 10° cells/well
TR BEslan X7 confluence AET HA Bk
oS- ®3} Fwnl=|el 10% FBS, 1% P/S, 1 uM
dexamethasone(DEXA, Sigma—Aldrich, USA), 0.5
nmol/mL 3—isobutyl—1—methylxanthin(IBMX, Sigma—
Aldrich, MO, USA) ¥ 10 pg/mL insulin®] k¥
DVEM A= wgksle] 2371 81 fr=siSirk 1
T 2} 10% FBS-DVEM A<= sAlslSict iz
-2 dimethyl sulfoxide(DMSO)E #]a}.em, A)
o] Al sk a7 AR o] Alelet
Sk S §- 2~4dxlel] mAE AR FEE, 10%
FBS, 1% P/S, 10 ug/mL nsulinS- 333+ DMEM o2
W E8He 62N 220l 3 ¥ 10%
FBS, 1% PSS ¥3}E DVEMO= . r‘slﬂ% w=3PAIZ
o A 8} Al we} wE Age Bl A4
T 8~10 Atolell Akt

4, HiX| XM AME 22, MZHY L 2sI1RE
A KEPETEA) 3 (preadipocytes) & A4 Z}e=9)

A Ao A el uiES sigivk B9 12
g H 4 /‘3 Z]“E(Xﬂv 1.6~1.7 kg)S 00, gasE ©|
ool A2Ab AT 5 30% 8= AIHT v
0% F3-E= Asto] 5 25 31 HA| dR)RellA
A 22 8~10 g A= wollrh. 23S 2
At o] collagenase®} 37| shaking water bath

oA 404 F<2t viekst 3~ 250 Ll nylon screen®- =
ATt o - 1,500 Xg= 103 ‘52t Y4l
A A HATAETE Eolde HAHES Kreb's
ringer bicarbonate(KRB) bufferel] o] thA] 1,796
X g 1087 YAEE] & 75 ul nylon screen© =
o] AP TS BT =R A

TAIFES] kS Suryawan et al(1997)2] HPHS W
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33}o] Moon & Chung(2004)2] WHHO R 2A|E1S
o}, =53k A HEAEAE 422 hematocytometer S
ol g3lo] 2AK3E %, 10% FBSS $H13k DVEMF—12
IR o}8510] 6—well BTl 1.0 X 10° cellAvell
< AFskar 37°C2] 5% CO; incubatorol| A w13
ol JEe v AE et 22 olEA T AlA
371 913l FBSE $HrabA] 9 DMEMF—12014] = 2
3] AFSTHO). AlFeH F2iy 23t 54 L6
A)7H4] 10% FBS9} insulin(600 ug/ml), transferrin(1
ug/mL) % hydrocortisone(500 ug/mL)S $H-3F
DVEMF-125 AR831o] Blesioiar, vl 29dmict

WA 3G

b. XNUTAME = £H

Hjup B9 ofeks: FEE0] H4ds UEplieAE
S48l 91819 3—(4,5—dimethy! thiazol—2—y1)—25—
diphenyl tetrazoliumbromide(MTT) 418 &3} 57
&1 (Ishiyanma et al. 1996). 3T3-11 AATAIE
=1 X 10* cellswell?] %2 96 well plateol] 100
ug A #5385 37°C, 5% CO, incubatoroll A} 24417k
Hjeksle] 974 550, 5, 10, 25, 50, 100, 200 pghl)=
SME FEES AR § oA 2443 Hlldeisivk
g ¢k 5 pgml 55=2] MTT Al9RS 100 pg®
W73k T 37°C, 5% Q0 incubatoroll ] AAZF vljds}
ek ¥iAIE A8kl DMSO 100 ugs: 718kl Ade
formazans <1 2= ELISA microplate reader(Model
680, Biorad Laboratories Inc., Hercules, CA, USA)E

ol gate] 540 ol A FHEE SAsIGIT)

6. X|YA|IZe| GPDH &4 =3

A TEA ] Al Re] F3= gycerol—3—
phosphate dehydrogenase(GPDH)2] A =5 =4
gro @M rgailiEtl Wise & Green(1979)9] WS-
st} ARSIt Alazulde] Bt 5 euldots
18] AASIAL phosphate buffer saline(PBS)Z. Ho}
= vkl S Aol 8- homogenizing buffer(pH

.

it

0,

7.4; 0.25 M sucrose, 5 mM Tris base, 1 mM EDTA,
1 mM dithiothreitol) 260 uLg ©]-&3}o] NEE
scrappingate] 1.5 mL eppendorf tubeol] <=3l 715
A3 9ol Lot} M sonicationAZ]
2580 >g 4ColA 10 53 AREEAZITE: 45
200 uLE F3hA A= eppendorf tubeol] 71 &
assay buffer(100 mM triethanolamine, 2.5 mM EDTA,
0.1 mM B—mercaptoethanol, 0.176 NADH) 800 L}
714 0.16 uM dihydroxyacetone phosphate lithium
solution 100 pl, A==% 150 uL= cuvetteol] o] =+
28131 & spectrophotometer(Shimadzu UV—Visible
Spectrophotometer, UV—1601, Tokyo, Japan)E ©]-&
3] 340 nmollX E4=5 S48l GPDH &84S

=439,

7. XNEMES SEXE o =8
APFATAIES] 23 e ol
slake g el Wi o g 3|9 H¥E PBSS
o]-8-3}o] 33] AISE §, M—PER mammalian cell

extraction solution(Pierce, IL, USA) 200 uLE ¥
ARFSE b o R el e Al 8-t
< microtubell 71 F, DoelA] HA|ste] A2}
s BalE s Sk 1 7, 4CellM 1,792
g Ayl TEElete] AFdls ARSItk Glycerol
standard(Sigma—Aldrich Co., St. Louis, MO, USA)S-
o] gsle] s s|Aste] ko= AREE3]
t}. 96 well ELISA plateel] free glycerol reagent 160
2 93 SFT0lank) 5 L, SRME 35 B,
A=E A2 wellell WAt 7+ wello] -&-o] 4]
o|== o 9 37°CellA] 57F uoAT) 540 nmel]
A] initial absorbance(IA)E 57433t} 2t welldl]
40 pL9] triglyceride reagentZ 21l tappingste] 4
o) §, 37CollA] 511t F7H o= 9] &
540 nmoflA] final absorbance(FA)E F43H}. 1A9}
FAE o]&3slo] Algue] T4 58 A3t

At
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B Aol Aozl A= SPSS(Statistical Package
for Social Science)E o83l FA] wAIsISinh A3
T £ EEARE FAIBIIAL Al Fek oPdel
AR ool el zlo] of = AddulA] EAk
A} (one—way andlysis of variance)S ¥ 5 A1 €]
A HAL p<0.05 G50l Tukey's testE ©]-8-51
73 7178(Post—Hoc test)a3l o™, -+ 5= 1+ A4
el AL Student's £testS 2B oS A

A3,
m. 2 9 1@

1. 3T3-L1 XUHTMEL| S0 0|Xl= &3t
ulst A, 3h; % <] ek Fe] 3T3-LL A
AT LA| 0] EAlol] m]X]= g3 dolry] 5
o 5, 10, 25, 50, 100, 200 pg/mL FE= 2447 A
AAlale] HE AEEE S4aiRled) 1 A9k Fig

13} Qrk $EEE A e el AT 4

@ -
Hseed
60
flesh
uleaf
40
20
0
00

0 5 10 25 50 100 2
‘Ethanol extracts (ug/mL)

Cell iability (% of control)

Fig. 1. Cytotoxic effects of loquat(£riobotrya
Japonica Lindl.) seed, flesh or leaf ethanol
extracts in 3T3-L1 preadipocytes.

3T3-L1 pre—adipocytes were treated with various

concentrations(5-200 xg/mL) of loquat(Eriobotrya japonica

(Thunb.) Lindl.) seed, flesh or leaf ethanol extracts for 24 hours.

Then, the cell viability was evaluated by the MTT assay. DMSO

was used as a control. Flesh: seedless fruit. Values are mean

+ SE(n=3). Significantly different compared to control as

determined by Student rtest ("p<0.05, “"p<0.01).

0] 3T3-L1 MZ2et K| X[LTTMES] Z2i0f DXl 22t 867

TEE 100% 319ks v, vlgt 3531} 9 552
200 pgmLe] 7P & sl 242F 1003 + 1.2,
9.6 £ 15%2] ML AEES UeRt S0 LR
A gkt 1ey Hlgh A ellekE FEE-2 100,
200 ug/ml FE= Aelalols 79 tizrol vlst
o] Z}7} 849 + 14, 76.3 + 1.2%% Frolat Al
REE0] Aslelo] =48 VRN HIER W
ol oJERS F&5(Jeong et al. 2015), Fv] ¥ 3
ZE(Choi & Kim 2014)9] 2% 35 %=(100 1
gml) = AABIGS: 785 48 vERA] esgkotar
Haslgled], B AFelMe o] 2 sholkE =
‘do] VFERFA] ekttt weba] Bl w53 Q) ofjgt
& FEES 200 pgmLe] FRolAE H5Ado] vE
U] hot MEZ2ell FA| B3 mIRIA] & 200
ng/mL ©]&ke] =21 50, 100, 200 pg/mLE, H]3}
A FEES HA o] UEh A &2 125, 25,50 1
ghml.2 3T3-L1 A2zl A2jsle] AAIE Eslo] v

2. 3T3-L1 MZ£2o| GPDH &40 O|Xl= &2t

Adipogenesist= AT ET | A HEM|E R L] B
sl o Aol e, o] SFe] a4 Fat
W, s2 Wi & d#e] Wsks sHksihAl ik
(Zimmermann et al. 2004). Adipogenesis gl o]
3} @4+ GPDH, acetyl—CoA carboxylase,
pyruvate carbxylase SO & X HPATA|E7} XHHA]
e sk v o] JAE0] o] T B Akash
(Jones et al. 1997). 1 <oA% GPDHT
dehydroxyaceton phosphateE- glycerol—3—phosphate
2 ASAF = §42 ) gycerol—3—phosphate ™= A4
W el et E4ol7|ol XAl A3t
AR BBEAE 7S T e B4R o§
531 QekWise & Green 1979). HI} A olgke: 58
& 125, 25, 50 pg/mL F%E=, Hlgh 353 o) oflehe
FEe 27 50, 100, 200 pghnl. 552 ZA2]sto]
3T3-L1 AMGAES] GPDH 2438 57433 AvR= Fig
29} Atk v|g} A olehs FEE-2 tixrel] vlsie]
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Fig. 2. Effects of loquat (Eriobotrya japonica Lindl.) seed (A), flesh (B) or leaf (C) ethanol extracts on

GPDH activity of 3T3-L1 cells.

DMSO was used as a control. Flesh: seedless fruit. Values are mean + SE(n=3). *“Values with different superscript
letters are significantly different(p<0.05) according to Tukey’s test. NS: No significant differences among groups.

3T3-L1 AAPES] GPDH 23S feolsk s <&
A 07 AeAZTHEg 2A). H]I} 35 ollghs: FE=
< GPDH &/dell & mAH| Zai3i oK Fig. 2B),
STt 571 Ak e 3l visle] ok
2259 749= 50 pg/mloll A dptjsms eowhrnsrhk
= tiEd) oA AlolE BolA| kot 100 u
gl 3 200 pg/mloll A= B} fol4 0w
o] A&kE ATHFig. 20). Aol w0 nig}
Ao} Q) Fole= Agee] Xjol7} IANE 3T3-L1 AR
] GPDH 2732 AsA A ABAEe] EstE A
71 Ao Btk olefgh Avhk= mxjel =
WA FEES 3T3-L1 Azl Aefsishe: 749
219} A R W APARES] EsE ojAlet
Nom, mxjel] Blsto] HAA| QFkEo] APAES
2315 o] Bol SAleIItkE Wee et dl(2015)9] <1+
A} AR Zd3ko|20ek Oh et al.(2011)e]] oJshd
80% wEks, 50% olleke; & 9] Brll= 553t w9t
o) FEEE 3T3-L1 APAES] AP Esjel] Hofsh=
HAIRIAIR] peroxisome proliferator—activated receptor
v} CCAAT/enhancer—binding proteina®] W&} |
WEAES g o Aalfgrowm ApRAaEe] st
£ AlsiGlthar Basgivt & A A} geld
vz 798 GPDH &4 A ax7t ojd

transcription factorel] &S F=A1E F5- A4

wrsjof & Abafeltt.

3. 3T3-L1 MIZES| SIXY 20| OlXl= &t

Hlok A, 9 1ol ek FEEC] FAEAW
kol v A¥R= Fig 33 2tk wlv) A9} o

ks FEEE Aol 745 3T3-L1 Al &
AR} sl gzt BlEle] BE oEdoz &
o3A Ak vlg}k B ok F=EC] -
L AsTAE A Sl dEks vIXA o
o}, aEE01 100 pgiml FE5E ikl 1)
slo] 3T3-L1 A3ES] /84 s Frefabl At
Al AT AIETE AP 2 ke w) Al
Ul A7t 2 s, S84 ol Aok
© A BsPF g HTRs A omgh & ATt
o] Aol v AR HAlel A oFRRF a5
o] 3T3—L1 APAIEES] T3 3ol wiX|= 93k
= A A} 52 PR FEEC] H2F FEE
o] Hlgle] SAAM o] o Wltlal WSSk
(Wee et al. 2015). W55+ 3 F5E9] 9= A
FheollA= 3T3-L1 A SAA el
BEE MAA Fekont, A k=(200 pg/mL) A
Alell= FrelstAl AskE AvkaL sklvk(Park et al.
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Fig. 3. Triglyceride contents in 3T3-L1 mature dells treated with loquat (Eriobotrya japonica Lindl.)

seed(A), flesh(B) or leaf(C) ethanol extracts.
DMSO was used as a control. Flesh: seedless fruit. Reported values are means + SE(n=3). ““Values with different
superscript letters are significantly different (p<0.05) according to Tukey’s test.

2014).

opde] Axpr njFo] njuk Foi oeke &
2 3T3-L1 Al3E2] GPDHe| B4 Asirlzl oz
SRAY 54 E APPHATFAES] B3kE QAT A
o= Hof H[Yh g} S Ao HofxIth 1]
I} 591 deke F55 5 BlEE A odeks FEE)
3T3-L1 Al3Ee] GPDH €37 /341 &8 7V

.
T
100 - T ki & . L
50
)
40
20
o
0 5 10 25 50

100 200
Ethanol extracts (ug/mL)

Cellxiability (% of control)

Fig. 4. Cytotoxic effects of loquat (Eriobotrya
Japonica Lindl.) seed, flesh or leaf ethanol
extracts on pig preadipocytes.

Pig pre—adipocytes were treated with various concentrations

(5-200 ug/mL) of loquat (Erobotrya japonica (Thunb.)

Lindl.) seed, flesh or leaf ethanol extracts for 24 hours. Then,

the cell viability was evaluated by the MTT assay. DMSO was

used as a control. Flesh: Seedless fruit. Reported values are
means + SE(n=3). Significantly different compared to control
as determined by the Student ~test ("p<0.05, ~"p<0.01).

al

ol oAlalion], AABAZH HluE e
(125 pgml)oA = E3p7F Jep k= 210 Kol g
H|ek A 2e) A 7Fs o] S ACR ALy,

5

H

4, TR XUHTMZO| =M0j| 0|X|l= &t

v} 591 ofehd FEEo] HiX] A TAIE
o] el mX|= '35 dolry] 3 5, 10, 25,
50, 100, 200 ug/mL FE=2 24A)17F A 2)=|8ke] A
AEES SAsI oM 1 Ay Fig 49F 2tk
55221 100 pg/mlA-E H|9} 4] oleks 5=
T AR AEEO] tizetel] Hlsle] frelahAl AsA]
Zck olefet AnE B wf v]a} 253 Q) oeke 5
52 91 APRTAIEe] 5AEk= 3T3-11 Al
39} HS23 30 R 200 ug/mle] FEollA A
S VR ottt webA vlgk 253 Q) olehe
FEE0] 79 AlE AESN FIS vHA| @
200 pg/mL ©]8ke] F%¢1 50, 100, 200 ug/mLellA,
H|9} 4] ofEke FEE-0 125 25 50 ughl S =
SA] ATz AElate] AP wEslE ks
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Fig. 5. Effects of loquat (Eriobotrya japonica Lindl.) seed (A), flesh (B) or leaf (C) ethanol extracts

on GPDH activity of pig preadipocytes.

DMSO was used as a control. Flesh: seedless fruit. Reported values are means + SE(m=3). “*Values with different

superscript letters are significantly different (p<0.05) according to Tukey’s test.
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