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The effect of Plantaginis asiaticae Folium on lipid accumulation in 3T3—L1 adipocytes

by extraction conditions
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ABSTRACT

Objectives : Plantaginis asiaticae Folium (PA) has been widely used in Korean medicine for treatment of liver disease,
stomach troubles and inflammation, We investigated the effect of PA on lipid accumulation in 3T3—L1 according to
extraction conditions,

Methods : The MTT assay was employed to evaluate the cytotoxicity of PA extracted by different solvents (water,
50% ethanol, and 95% ethanol) on 3T3—L1 preadipocytes. Qil red O staining was used to identify intracellular lipid
accumulation in 3T3—L1, 3T3—L1 adipocytes were treated with PA at concentration ranging in 0.1, 0.2 and 0.4 mg/m¢,
PA was extracted by different extraction conditions such as extraction solvents, extraction time, and extraction
temperature, In addition, UPLC analysis was used for determination of candidates of active ingredients in PA,
Results : 3T3—-L1 preadipocytes were treated with PA extracted by different solvents (water, 50% ethanol, and 95%
ethanol) and there was no cytotoxicity. Oil red O staining was employed to identify the effect of PA on lipid accumulation
in 3T3—L1. In the present study, PA water extraction at 70C for 6 hours decreased greatly in lipid accumulation,
The range of concentrations was 0.1, 0.2 and 0.4 mg/ml. Concentration at 0.2 mg/m¢ was the most effective one
among them, Candidates of active ingredients in PA were shown plantamajoside and acteoside through UPLC,
Conclusions : These results suggest that the effect of PA water extraction at 70C on lipid accumulation in 3T3-L1 is
superior to other extraction conditions, We suppose that plantamajoside and acteoside may be candidates of active

ingredients in PA,
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Ao fvtEte A 9 FAAF HHo R ISt A4
o] HA; A7E} Hojzba, e #ste| o FgFaY
ot AFH e AAGTFY FAE Qg BTk A7 JA; S
7heta Qe FAlolth, HRk2 o UX] dHe 4nle B4
° 2 sty g@ed] FRA Skt @45 dol A
Adto] HEalA 2H = 4L Jugtt? Ea vjwre
T, IAEF, AEHA A ¥ 5HHIF 5, 25 WA
Z3%te] glo] d Bt ofvzl, P A A MR g F4H
2EH A F7t 279 SR 4o AR A7 LR
Uk

Aol A 22 AAFAE (preadipocyte)oll A A%
A2 (adipocyte) 2 #31=l= Tl A AGA|Z 27]7F AR 2L
APA|Z O 71 S7IFC R Qste] 2|9 F2 o] Uo
WY e, B Aol AH8E 3T3-L1E A% ek 27
oA HAFANZoAN AFAzE RIste AFNEZIFA
(adipogenesis) T+ o] & A A Y= AEZFEXH A A L2
E Y olsfiste AuRt 24Y Hlw RER g AMgET
A,

A7 ol (Plantago asiatica L,)v $-=|U=HE BZ8to F
= YEof T3] & 5= Y= AEE Aol ot Edo|u:
47t B HE FolA &3] A, Ho] (RH), AREx
(HEidEgE) g1s Eos dole dHo|ate) &3 thdAy
ZEAEZA 69~89ol WA Zo] mn, 10¥= 6~87
Ao SHFA dujE Rt Ao AR YRR
ZatR o] viA|¢l plantagoside, acetoside, plantaginin,
homoplantaging 83t 93, iridoid ¥lEAI 2l aucubin,
genipiosidic acid@} 1 ]9]] f—sitosterol, choline, palmitic
acid, stigmasterol, vitamin B13 ¥ vitamin C 52| A&9]
FFEAAT T, Wzt A0l ofd A& Ao
Mg, oA g A% (Plantaginis asiaticae
Folium, #gijE), FAE 2HHA} (Plantaginis Semen, HAT
=BG zre cord AQed GHoz s
el Az HE, FE, ok, A, FAH, 59E 52
A &8ss HE AFGE ] gL, T AHAE= &8 2 ol
ZHgo] A2S 93 LPFL AHEHAGY, HZ Aol o
s, AME 2EES P a5 F& Bt ofyg
716 E& BEoFe 98 s, AddAe} Bty %
ZH2EHEY TFE RF0] Fo=H FHHIEY A,
HEHA A3 AFEE AN 5 Uvhe ohFe A4t
%EE]%E]JSJ,?ng).

meta 2 AoAs & &dl, & A7 F
FE 24& YE2A 3 A% FEES 3T3-L1 A2 A7
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Bg AAsqi
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1. A=

- o
H A3o) A% XA % (Plantaginis asiaticae Folium)2]
FHACRE FAIAHIAGE olvA (P4, gt

oA ABEe AL AR BRI A L ol 4}
gatgch. #2 gdz AAze ave s 9

600g2] ZFAz ol B (Hy0), 50%°8He (50% Ethanol), 95%
e+ (95% Ethanol)Q] €ujE z+zk 514 716l &390
8.83~16.9%2 #5882 At EF = At WE &
52 WA Y8 6AI7k 12A7te 7 28 A7He EElEhe]
AAZE &390} v gte s 22 2o G5 sy
34 70T, 80T, 95CE 2ES T2 sto] W2 &
g A

—

2) A2k 2 717]

3T3-L1 A= wigFE Y3l A" viA]+= bovine calf
serum (BCS), fetal bovine serum (FBS) ¥ Dulbecco's
modified Eagle's medium (DMEM)S AF&35}3l HycloneAl
(Logan, UT, USA)IA AEL FUstgct, 3T3-L1 NZ
B23E 8=317] Y3t penicillin/streptomycin  (P/S),
insulin, dexamethasone  (DEX), 3—isobutyl—-1—
methylanthine (IBMX), cacodylate= Sigma AldrichA}
(St. Louis, MO, USA)27¥ Fstge. AE 54 534S
38t 3—[4,5—dimethyl thiazolyl]—2,5—diphenyltetrazolium
bromide (MTT) % A AA o] AHg-H A2kl Oil red O
4N Sigma AldrichAl (St. Louis, MO, USA)Z3E F
A3t eh. E3F dimethyl sulfoxide (DMSO), CaClye g4t
OFF (Mt A7, =) AlES ARESEeH, formaldehyde,
isopropyl alcohol& Junsei chemical (Tokyo, Japan) A&

g3k,

2. ¥

1) MIZHi & 23tRE

3T3-L1 AM|33F¥E American Type Culture Collection
(ATCC, CL-173TM)oll Al +i3to] & Aol A&t e,
AEE= 1%2] P/S7F E&E 10%2] BCSS DMEM HjA]of 37C,
5% COx8%7] (MCO—15AC, SANYO, Japan)olA 847t
HFAI] &, i FAS BIH= vigd (10% FBS, 5 ug/ml
insulin, 2uM DEX, 111 ug/m¢ IBMX)2.2 v}E3 247t uljok
gttt 2¢ 3 ESha= v (10% FBS, 5 ug/ml insulin)®]
=39 DMEM A2 283 Fof 27k MjokAZl ), i
O insuling ¥7FsHA] ¥ 10% FBS7} Z3E DMEM
iR 2 vt Az 2E2EY 2479 =& (0.1, 0.2,

0.4 mg/m) WA WA A 7|otct a4 & elstgt,

2) M=M= (MTT) &4
Az FEE0| 3T3-L1 A|ZAFE nx]= FFS do}
7] §J3te] 96well plateol|A] A2 FE2ES 7 5% (0.1,
0.2, 0.4 mg/m)HE A5t MTTENHS 3]
2o Az FEES APt 24A7t viF ¥, MTT €9
60w E golA LAoA 247 ¥H-E-A171 F, DMSOE 200w
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£ 71819k, &3 == ELISA reader (Sunrise, TECAN,
Grodig, Austria)oll, 570molA EZ=5 3o, nF
3719] well®] HHgS o835t H7bstrt,

3) Oil red O S

3T3-L1 NZoA X FH o AAdx F&=°] v|X= F
S gotr7] {5t Oil red O FAE 34Tt AZES}
FoNA A2 FE2ES 479 5 (0.1, 0.2, 0.4 mg/nl)Z
ol E°l FHY wiAE mEste Az skt 83U T AlZHy
&l AA & DPBSE 33| A& 3t cacodylate buffer (pH
7.2)2 4CoA MEE 2/ TRZAZ F, STFFE AF5
AHEE Oil red O GMA|Fo 2 FM3IE T 40% Isopropyl
alcohol® 33| A|&& 3l #An|A(CK2, Olympus, Japan)
o2 yaetglth EAE AAEY AN S4E Al
AZAZ &, 100% isopropyl alcohol®2 A& FE3tH
510mm T A EFF=A (Sunrise, TECAN, Grodig,
Austria) 2 FFEE SHT v, ALY AFT=HSE 54

sheiet,

4) UPLCEXN

2} %29] F2AE2] plantamajoside ¥ acteoside?] 4
A& Z+ A RS 4.0mg® &3}l HPLCE acetonitril 1,0mo]
£0]31 o] RS stock solution® 2 0.0625, 0.125, 0.25, 0.5,
1.0, 2.0 2 4,0 mg/ml 8] FE=E 3|45t FEEHOE ARG
sk 244 columnd ACQUITY UPLC BEH C18 (2.1
X 100mm, 1.7m)E AHESIEI, AE7]= UV 280m, ©)%
Ao 2L gcetonitrile®t 5 AFE3le gradient profileZ

8, 42 0.25 m/mine 2 sttt

5) EAIXz

E Aol A4 2] IBM SPSS Statistics 22 (Statistical
package for the social sciences, SPSS Inc., Chicago)&
Agsto] AFE3F T Student's t—test2H F7F 2ol E B
Aottt 4 v B9 FAE 5942 Duncan's multiple
range testE AR&St] FFBAL FYFE2 0.05 ©|st=
ke,

oz 3

1. A2 3580 A2 BAE& vX= 9F

Az FE2E0] AEY B4 dFE v|XE=A Fels]
A ZHze] A7 %= 0.1, 0.2, 0.4 mg/mE 3T3-L1 A
AA| o AHEstgtt, FEET ofg AR tE R
FET Az FEE NEEY 535 U] Yot &
(W), 50% ol|er-2 (50%E), 95% ole+-Z (95%E)2] gz >
23 A2 AEE 3T3-L1 AAGAE Hstgact =
AYoA FAYRTLLZ 35uMe] F=9 fenofibrate (FF)E
3T3-L1 AAPA| x| Mgt 1 A, AHz2 & +
EE (W) 95% ollehE (95%E) FEEAA = AR s
oEHo g A HEFo| Fadste ALRE Uyt ET

95% et (95%E) &% 0.4 mg/ml =2 Y3t +&
A L3t Uz FoAE BE NE AEEo] 80% oJArS e
=

Cell viability (% of control)
Y
o

Con FF35%M 01 02 04 01 02 04 01 02
w S0%E 95%E
PAE (mg/mD

04

Figure 1. Cytotoxicity of 3T3—L1 preadipocyte against PA (Plantaginis
asiaticae Folium) extracted by three solvents (water, 50% ethanol,
and 95% ethanol). Data are presented as mean =+ S.E of triplicate
tests.

PAE : Plantaginis asiaticae Folium extract; Con : control;

FF : fenofibrate; W: water; 50%E : 50% ethanol; 95%

E : 95% ethanol.

2. 3 8| JAx FEEF0| 3T3-LIAEZ
H kal
[e]

AZEA o] ulx = FF
FZ gud WE FHdx 2E5E0] 3T3-L1 AlZ9] 3=

Ao mx= &IE RIS H&, & (W), 50% e
(50%E), 95% °l&r& (95%E)9] &z AHd2E FE3 Al
BE Z7bo) 5% 0.1, 0.2, 0.4 mg/mlE ZF Zofl A3 &,
Az W A T A= Flstet. 50% oAk (50%E)
FEEY NEZ 0.2 mg/m} 0.4 mg/m 2] T=E ALe
w2 oA A} FA ] =T 2ol o] A o2
T =Holok &1 FolMe FHxY E FE2E (W)o| AW
S8 =7t 7P 3A Uehd e & 225 (W)olA =9

2 Az Agehake iz tiste] 58%, 63%, 25%7t
Hag Zeg ey, AT F, 0.2 mg/me] sEolA
7P AR asel Aty or ekttt

g

Lipid accumulation (% of control)

Con FF3%M 01 02 04 0.1 0.2 04 01 0z 0.4

W S0%E 95%E
PAE (mg/ml)

Figure 2. The effect of PA (Plantaginis asiaticae Folium) extracted

by three different solvents (water, 50% ethanol, and 95% ethanol)

on lipid accumulation in 3T3—L1 adipocytes. Data are presented

as mean * S.E of triplicate tests. *p { 0.05 vs control.

PAE : Plantaginis asiaticae Folium extract; Con : control;

FF : fenofibrate; W : water; 50%E : 50% ethanol; 95%E : 95%

ethanol.
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Eo] 3T3-L1 A=

£ 22 F3E0] 3T3-L1 A= Ag52
e GFE WES] Aste] & (W), 50% g (50%E),
95% ol (95%E)9] Z+ & 0|83} 6417 5 F53¢
Mz 289 ARE 3T3-L1 AlE ZF Fuich A st
95% ole-g (95%E)] &uiE o83t 7247k 5 —?—%?_
Az FEE2Y AEE 3T3-L1 A= Asty 235 &<
AT FE At gEA T 2, AR & A=
S AT diFE2Y LA T2A 2T A2 F
=< A2 £EY 3T3-L1 A2 F2d A ol ¢
2 A,

@
=3

Lipid accumulation (% of control)
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Con FF3pM 01 a2 04 01 02 04 01 02 04 1 02 4
W (6hr) SO%E (6hr) 95%E (6hr) 95%E (T2hr)

PAE (mg/m))

Figure 3. The effect of PA (Plantaginis asiaticae Folium) extracted
by different time (6hr and 72hr) on lipid accumulation in 3T3—L1
adipocytes. Data are presented as mean =+ S.E of triplicate tests.
*0 ¢ 0.05 vs control.
PAE : Plantaginis asiaticae Folium extract; Con : control;

F : fencofibrate; W : water; 50%E : 50% ethanol; 95%E : 95%
ethanol.

o] 3T3-L1

e B9 AH2E 647
25 20| AWEAA &nr} 744 27
E.J Z]-°]7]- 3T3-L1
Alze] % 2 err
70T, 80T, 95CE A= =
exy AHz B 228L xiam \'41—‘?‘—” 2ol izl
disto] A &) HErh WA Yehgh, £& L2 70T
22% AHz B 2220 44 $& AYA mHE By
om, NRE BEL 0.2 ng/wolA A 2H 2R FEo}

7V Holgtet,

5
filo

]
B

8% F AREE TEFY
A8l zn&AH I RatE T (UPLC)E ©l83ste &3
280me HEoge 2 FRAES EA45 1 A A4
29 AEAPEQ THZ plantamajoside?}t acteosideE F

e
H1

o135ttt Fig. 5AE plantamajoside®] EAFLZE UEHH
Zo]1 Fig. 5B& acteosided EAFZRE Yebd Aot
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Plantamajoside®} acteoside ®5F phenylethanoide glycoside
9 325 Yehfal St} AZ20tEIo)A (a) plantamajoside
9] peak:= ¢F 9.3~9.48d, (b) acteoside= 9. 68T} ojA
peak7} HEF ST}

Lipid accumulation (% of control)

Con FF35uM _01 02 04 01 02 04 0l 02 04
W70°C W80°C W95°C
PAE (mg/ml)

Figure 4. The effect of PA (Plantaginis asiaticae Folium) extracted
in water with three different temperatures (70°C, 80°C, and 95°C)
on lipid accumulation in 3T3—L1 adipocytes. Data are presented
as mean * S.E of triplicate tests. *p { 0.05 vs control.

PAE : Plantaginis asiaticae Folium extract; Con : control;

FF : fenofibrate; W : water.
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Plantamajoside Acteoside

Auto-Scaled Chromatogram

9674

() Plantamajoside §  (B) Acteoside
, 008 @
=3

000 200 4.00 600 800 1000 12.00 14.00 16.00 18.00 2000
Minutes

Peaks of plantamajoside and acteoside on chromatogram

Figure 5. Structures of plantamajoside, acteoside and UPLC
chromatogram of standard solution. (A) Structure of plantamajoside,
(B) Structure of acteoside, and (C) Two peaks of plantamajoside
and acteoside on UPLC chromatogram.
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oLgel Ao AT ofe 7H BekEol WSty Al
2 9] A golele A9 MoE g, §4 paiol
E2o] well-being 87} Wergel wet ole) SASS HY
% 9l 71850l gobd 1, MBS AU AL SA
918 AR SAT) AL BT ek, ol wolE
2703 uhE WIS e B HAFo] vls eFe
BEo2 Q3 wgte] YA 0 F7hxw gt Aol

19754 o}, HAAHQ gkl 7o) i FAH O Z7}
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sk QieF, 2016 ARl @A) HlAATE Sk 1975E =]
u3) A9 387k F7HE AR vekdth, 20164 Rk
AR $AL BAFOR ekt 42lo] o 19915 of
23 BAF AT Fol o 60 5HAY Y=o} wE A7
ekt %, A 4219 oF 3097} BAFOR, o 13%7}
M1 2 EEHE Folet, Hlehe] AR vrolx @Al 54
ol3te] WAF Ei gk of2ol7} of 47 WyHOR YAY
TP, WRHQIETE Z7hael utek ofo] BT ol 71X ojef
Fol AT 9 Agoltt, et vUARAR ABH )
Ak ARE T G QJORE-S AR 7Hs o] A,
% AYY, FE W 59 ofg 1A RS WAL
AT gk, Teiste] AR HABL o] 87 Wk 2A 9}
NSHAEAL] A&HOT YA 7hu n AIES &
Az st AFE ol o] oA gk,

Azl 2Ry o1y, Sud, W, 29 2L olwa
gol &M} glof T AFHAT, BA AT =@ 2
Azt gasle] ATAY By ohe BxAg BEstn
Freoh A WA EEel Ao teht gk 20T
AN A2 AL ol 7 B F, FulE At
HeA e SAstnh Guln B ML 7154 22

7P A & 218 2As] Al 4 FEEC AR
Az SAAAE v &, & §0iE, & A, 75 25
2 ARG B AGAIEZS A0l A= ¥ E
AT +& SWE ALA 52 E°] 7P Helwen,
95% AqegE FEEY AYAA A=t old =EF HxT
ATE YeRi T A, & AzHE AgelA Bk 6417k

FEA7bo] 72X 7S] FEAMET B ARFQl Aoz vr
Wk 7 7HA 23S FR6te] & o, AHRE AL E FE
st Aol AYHA Aol 7 & aRE el o
AdZR B FE2E O 2=d 5295 #FPS o, 70T
E FEEAA AAZY AEH ol 7HF AA YEhEAL,
= @ulvte] 71 andd Aoz Atz FE229 A
5% 0.1, 0.2, 0.4 mg/ml FolA AHZ ARG X F=
0.2 ng/nt7} BE FEZANA EIAA A2l 23}
2 YRR ol 71 Fujee] £3Ee SER AR,
Arze w2t
plantaginin, ursolic acid 59| 9BAAEES X351l o5
A oA A4S 7RI o|ZHgof o] A9, WF
A, A2Q 5 A AP ASHGY, B AP 2
227E §3 9 AR &Y FELSE BASH, O 49
plantamajoside®} acteosideE 215} t}. Plantamajoside
2} acteoside= o8] FEEA §ESo] Tosi= AR UEA
2Att. Plantamajoside= F2HHHEE JASt] o} G2
Qojuhiz ofeirln) BT FuFS Fo WAL B3olE
Bk o2} oI5t s} 4ol Tolsls AO2 JelA
Atk 7. Acteoside™ FAFI A F-go st
lipase 282 AAIste] AA Fo FFS Fol FHTH
J2 53} plantamajoside
9} acteosideZl FH|qtol| FFE F= £l E Aol A4t
gt} 2 ek asa #EE Aol FE5EHE olE A
2ol gt A= $& AFE FoiA WAk & Aol

o

flavonoid& tannin, aucubin,

v.a &

H AR 2AZ (Plantaginis asiaticae Folium)2)
279 mE 3T3-L1 AZE A% FF9 uA= F9F2

1. 4o Az FE2E2 0.1, 0.2, 0.4 mg/m¢e] Az
FEOA Al F/o] UehA] gtk

9. 22 guid Az 2229 Oil red O B4 23}, B
22204 71 2 AEA o aTE BYow, S
0.2 mg/nt Aol A 714 Fold &7 B,

7HH Az F2EE9] Oil red O G4 21}, 64]
e FEEONA AFA dAl i FL2 25

Z£59] Oil red O M 23,
T REZHANA 73 & ALE3
™, §3] 0.2 mg/mL A5 =4

mEhA, B dtolA A= XAz oy &Y F 707

oA EL SR AHEE FEHo] TE |

AGAIZ oA A EFY] o 2 A AEo 24, A4
ANl B3t 9 2aghd o] oAe T gk o m3hQl
Z8g & Ao F=Hoh E3 AFx9 UPLC AEEY
A3} plantamajoside®} acteoside?] T AdHo| BHelg o 2
o] JEEC A& EAR AMSE £ UE A2 AlREHTY

:J_‘

B>

o Ml
N

[«

e 2

2 ATE A& EZARY Afdo 2 AL ELA
SRt —7) &) AAFYS AFY (No, 2016DG0001 / A=
EES 0|83 7154 987 9 tololE & /i) E =
FAE (No. 17-220—-023) A ¥ wof 5= Ato|t},

A e
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