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Study of Lipoprotein Lipase Inhibitory Activity of
Anti-obesity Herb Extracts
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Abstract In this study, we evaluated the lipoprotein lipase (LPL) inhibitory activity of 11 water extracts derived from
Cinnamomum cassia Blume, Sarcodon aspratus, Cordyceps militaris, Crataegus pinnatifida Bunge, Corni fructus, Allium
cepa, Coix lacryma-jobi, Plantago asiatica L., Lentinus edodes, Rosa rugosa, and Foeniculum fructus. The results of the
LPL secretion and activity assay showed Sarcodon aspratus (NE) extract have an LPL secretion inhibitory acitivity. The
cause of reduction in LPL secretion after NE treatment was investigated using molecular biology methods. NE treatment
affected the LPL content in cells, but did not affect LPL mRNA expression. It also increased the mRNA expression level
of sortilin-related receptor LDLR class A (SorLA), a receptor that induces endocytosis and intracellular trafficking of LPL.
Finally, cell fractionation revealed that NE treatment induced the expression of CCAAT-enhancer-binding protein beta (C/
EBPB), a SorLA transcription factor, in the nuclei of 3T3-L1 adipocytes. These results show that NE’s anti-obesity effect
involves inhibition of LPL secretion through C/EBPB-mediated induction of SorLA expression.
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MEZA FQAE OS2 cinnamaldehyde, cinnamic acid, eugenol
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Az g AHEAL, Jung 520y IErEERC] FHrE
D HAseh B3k Park 5210 AFelA AFS7E A4l
2 AGZNA ERE BT A FEHESE euscaphic
acid2} tormentic acidS A|ASFFTE. 835N (Foeniculum fiuctus)
= 2yl &bk thdA 229 st JAS Axg A
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Table 1. List of medicinal plants used in the experiment

3T3-L1 M=ZuiF 2 AXf X2

3T3-L1 Alxe] 35 Oh 5(23)°] WS 83l +3
SFATE 3T3-LIAEE 10% calf serume *>3138= Dulbecco’s
modified Eagle’s medium (DMEM) ®JX]ol] 100 U/mL penicillin3}
100 pg/mL streptomycing 713l 5% CO,, 37°ColX i,
A5kt 3T3-L1 AAFAEL] AP 2R Z3HE 918 6
well plateol] 5x10° cell/well®] MES EF3lo] AE7F A3 U
A s, 24S o wjget $ MDI (0.5mM 3-isobutyl-
1-methylxanthine (IBMX), 1 uM dexamethasone, 10 pg/mL insulin)
solution, 2 10% fetal bovine serum (FBS)S ¥ &3= DMEM
HiRle|A] 2 ot Mo = E3E JIAEIATE 2 the 10
pg/mL insulin @ 10% FBSE X33sk= DMEM HIRZ w3s}o]
3d B EIE JAAY. 2Ale Bt 4EEH SUAEE
24X 7HE}t A28k

Lipoprotein lipase (LPL)2| enzyme-linked immunospecific
assay (ELISA) &4

3T3-L1 A|AIEZ2] lipoprotein lipase (LPL) T2 3k
Feng 5(24)%] A7 #23F] mouse LPL ELISA kit (Cusabio,
Wuhan, China)E ©|-83}59o™ 7 FE244] 025 mg/mLS 244
b Mgk AAIE v e} T FEelelM A3
ok vl 3T3-L1 AWAEZE 234sd § 10% FBS7F
¥ DMEM HiA X 2AE 2447 A
ato] 4°C, 12,000xgollA] 1027+ HAlEEste] AF5int ALE-3H3
o, 3T3-L1 AMAE &ild 3552 A5 24207 23
< cooling®l PBSE 33| Al AEE 35 T 4C,
1,000xgol A 5%7F A Ee] st PBSE A1A¢ & RIPA buffer
(SOmM Tris (pH 8.0), 150mM NaCl, 0.1% SDS (m/v), 0.5%
deoxycholic acid (m/v), 1% Triton X-100 (v/v), 1mM PMSE,
protease inhibitor coctailyE 7Fste] 4°C, 3027+ WA & 2%
Bt vortexingdlaL 4°C, 15,000xgollA 158 &b QAE-2] 5l
A5NE A FEE A FHE9tk LPL ELISA assay "W'H-2
commercial kitollA] #|F8R= ELISA protocol2 W3t} =, mouse
LPL antibody”} pre-coating*2]%¥l 96 well plate] BJA] sample
100 uL =5 S22 sample 50 pg/100 pLg ¥ol 241759t
AA5IAR . 2A17F & sampleS A A3 & 100 uL2] biotinylated
LPL 1gGE ¥ 1A7F &< 37°Col A wHg-A12] 3 washing
buffer (200 uL)= 33] AF 3Tt ZF wellel] 100 uLe] HRP-avi-
ding 1A17F &<t 37°CollA WESAIZL § TFA] washing buffer

Scientific names Samples name Korean names Used part
Cinnamomum cassia Blume GP Gyepi bark
Sarcodon aspratus NE Neungi whole
Cordyceps militaris DCH Dong chunghacho whole
Crataegus pinnatifida Bunge SS Sansa fruit
Corni fructus SSY Sansuyoo fruit
Allium cepa YP Yangpa root
Coix lacryma-jobi YM Yulmu seed
Plantago asiatica L. ClJ Chajeonja seed
Lentinus edodes PG Pyogo whole
Rosa rugosa HDG Haedanggeun root
Foeniculum fructus HH Hoehyang seed
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(200 pL)E 53] A FEATE 90 uL TMBE ¥ 308 <t Ho]
Eo7HA = deolA F7F WAL - well B 50 uLe] stop
solutiong H7FFo=2H FEAZITH W3 FE T microplate
reader (EL808; BioTek, Winooski, VT, USA)Z 450 nmol|A &F
= e SHEEYh LPL 33 dlZad vlwste] gl

o= Hepith

Lipoprotein lipase (LPL)2| &M =X

Lipase €732 mouse LPL antibody”} pre-coating®l 96 well
plate®} lipase activity assay kit (Sigma-aldrich, St. Louis, MO,
USAE o]&3te] S35t gl AREE oz FEa2,
59 & 3T3-L1 APPAE £3HE F=8t3L DMEMH|A A
7} 297k vjekRk A|EE PBSE 23] Al 3 activity assay kit Al
Fol|lA A F3H= icecold lipase assay bufferS 4 volume 7}5h]
4°CA] homogenizingdt ¥ 4°C, 13,000xgolA 1082 <t FAIE
ot A FEste] FHlskdth FHlE @A sampleS
LPL antibody”} pre-coating®l 96 well plate®] 100 uL? 3t
T 3AZHEQE AA ST 3417 & sampleg A ASHL b A
100 L (025 mg/mL)E 30%7F 204 WEgAIZl F washing
buffer 200 uL)= 33] A F AT AH F well T 50 uLe]
lipase assay buffers Z7Fste] Wh-go a3t volumes HE &
lipase activity assay kitd]ZARIA AlFshs ol wel A4S
=3Y31A T}, Lipase activity= milliuniymL T2 AXSE & 3%
HRE 98 RS 7IEo R MEE(%)E ALl
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& polyphenol ¥ flavonoid &2 =4
% polyphenol & flavonoid®] -2 Lee F(25)°] AHS-3F &

Agt =N s

o

shiis g =X
2A)9] AL Lee 5(25)0] ARE-SE FUTE A} W

o7 s

mRNA 28 £l9l(reverse transcription polymerase chain
reaction, RT-PCR)

3} 953 3T3-L1 A E 6A17F, 124]17F 5<F 0.05, 0.1,

025 mg/mL =2 2AE A2 & wjiAE AASkL QlAzol
lysis buffer (Qiagen, MD, USA)E ©|-83}] A ZANA] A|33l=
Wegol] met total RNAE 223t Nuclease free waterel] =
¢l & RNA 5uLell 0.1% diethylpyrocarbornate (DEPC) waterS
995 uLE F7Fste] 260 nmellA FEEE 435t total RNAY
S A3k First strand cDNAS 3/3317] 915t AmfiRiert
Platinum cDNA snythesis Master Mix (GenDEPOT, Barker, TX,
USAYE ol&stsler Al Wyel uel FE3 RNA (2 ug)et
RNase free waterZ 9 uL<S W3 70°Co|A] SE7F WESAIZ] &
2x cDNA synthesis buffer 10 uL, cDNA synthsis Enzyme Mix
1uLE 4o 11uL® Z+ PCR tubeol] Td 3 25°CollA 5%,
42°CollA 603, 70°CollA 1587 HEEAIA cDNAE $A4 8k
S a AA -3 (polymerase chain reaction, PCR)S Go Tag
Green Master (Promega, Madison, WI, USA) 10 uL, forward primer
(10 pmole)®} reverse primer (10 pmole)E Z+ZF 1 ul, nuclease
free water 7 uL, 33} first-stand cDNA 1pLE 718t 2 4
2 & Ayt on z}zke] primer= Table 29} 72t} PCR 4AHe
< 0.002% ethidium bromide”t 78+ 1% agarose gelol 100V
AA 2087 A79% T UV FoZ §Hz B AT E o}
Boyt I Wi=9] 7%=+ image] (National Institutes of Health,
Bethesda, MD, USA) £ZEgJo]E o]§-3lo] #4] A=Fsidith.

3T3-L1 X|HME A St
3T3-L1 AHAIEe] Fgehige Axxz7t ¢5d AEE
cooling® PBSZ 33] M3} trypsinizedt & FHEZ AEE &
712 PBSZE 57} 13] AlAs & YAEE](500xg, 5Smin)E F3
MEE 22 F cell fractionation kit (Cell signaling technology,
Tokyo, Japan)®] AR&HFR0l we} A2 £8& st &, Al
Z7F 270 tubedll 250 pLe] cytoplasm isolation buffers €3l 5%
B9 vortexingdt - icedll 5% B9 AXSIH T YR (500xg,
5min)E F3l cytoplasmic fraction (“F5H)S #E L pellet>
membrane isolation buffer 250 pL.E ¥3L 15% &<t vortexing g+
T dcecll THA] 5% St AASIT:. 4T (8,000xg, 5min)E
&3 membrane fraction (4T H)S T T pellet> THA
nucleus isolation buffer 125 uLE %L
fractions EHE.3}AT.

kT

sonication}%] nuclear

Table 2. PCR primer sets and expected sizes of PCR products used in the experiment

Gene Primer (5'-3") Size (bp)
LPL forward ATC CAT GGA TGG ACG GTA AC 483
reverse CTG GAT CCC AAT ACT TCG AC
forward AAT TCC ACC CCA AAG TCG AG
VSNARE reverse ACC CAG CCT CTA GTC TCC GA 224
Rab3A forward CTA CCG CAA CGA CAA GAG GA "1
reverse CAC ACT TGT TTC CCA CCA GC
.. forward ACA AAG ACG GCT GCATTT TG
Sortilin 282
reverse GGC ATT TGT CTC CTGGGA TT
SorLA forward CAG CAG TCC ACC AGCTCCTA 194
reverse ACT GCT CAT CCT TGC TGA CG
forward CTG AGC GAC GAG TAC AAG AT
C/EBPB reverse TTG ATC CGG ATT GCA TCA AG 445
forward GGA GCC AAA AGG GTC ATC AT
GAPDH reverse GTG ATG GCA TGG ACT GI'G GT 203

LPL: Lipoprotein lipase, vSNARE: vesicle-soluble NSF attachment protein receptor, Rab3A: Ras-related protein Rab-3A, SorLA: Sortilin-related
receptor, C/EBPB: CCAAT/Enhancer binding protein3, GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
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Fig. 1. Comparison of lipoprotein lipase (LPL) content and activity by anti-obesity herb treatment. (A) Comparison of lipoprotein lipase
(LPL) contents in culture medium. (B) Comparison of lipoprotein lipase (LPL) activity in cell extracts. Each bar represents the mean+standard
deviation (SD) from three independent experiments. *p<0.05 compared to preadipocytes. *p<0.05, **p<0.01 compared to adipocytes. NE:
Sarcodon aspratus, HH: Foeniculum fructus, YP: Allium cepa, DCH: Cordyceps militaris, YM: Coix lacrymajobi, SSY: Corni fructus, CJJ:
Plantago asiatica L., PG: Lentinus edodes, SS: Crataegus pinnatifida Bunge, HDG: Rosa rugosa, GP: Cinnamomum cassia Blume.

Western blot analysis

TUsk o] @A B-mercapto-ethanolE E3HEH sample
buffers 3:12 &3 F 100°CoIA 387F 7Hgsidn). vl &
WA MEZ S SDS-PAGE 5 polyvinylidene fluoride membrane
(045 um, PVDF transfer membrane, Thermo, Rockford, IL,
UsA) ez T@aS Holsl3tl. Membranes 0.1% Tween 203}
5% skim milkE &3 Tris-buffered saline (TBS)oll 2417+ &<t
blocking 3}tk 2 & C/EBPB (500:1) 12} antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA)’} 718 bufferolA]
1A 7F &<t W83kl TBS-T (TBS containing 0.1% tween-20)Z
S SRR 3kl AA AlFEATE 28 S membrane 2
2} anti-rabbit IgG conjugates horseradish peroxidase antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)7} 7}€
buffer (2,000:1)5 FaL oA 1A7F Bt ¥HgS & ThA] 5%
G = 3kl AA MFSIATE B2 enhanced chemilumines-
cence methodE ©|-83}0] x-ray 5ol 7FAIZATE 2 Wi=9] 7}

S+ image] (National institutes of health, Bethesda, MD, USA)
AZES OIS olg3tel £ s

SAEN

=
AHolM dolxl Aol FAA Frel/d2 SPSS (Statitical Pack-
age for Social Sciences) programs ©|-8-3}% meantSDZE 3A]3}

%3, one-way ANOVA test ¥ Duncan’s multiple range testol]
o8 p<0.05 FAA 72 AAE 7k oS AZE
IRt
& |Btaxf X2l 2|8t lipoprotein lipase (LPL)e| &2 %
gy ws &5

LPL2 lipoprotein triglycerideE free fatty acid®} monoglycer-
ide= Zallsl= A WA ZamA Age] Zalloh 22 A
ZAo] 8 7158 1= Zo= JHA Urh26). 1HEE LPL
o] AAE T3l FuRt 2AE Uehe AdaAE S et
1159 PR 248 Q7= vEe s Adsta 2 5 LPL
o] #H] g 24 2l FFE vAE A9 AEE Sl &
AL TSR 3T3-LIAEZE E3lste] adipocytes A4S
T 11Fe] 2AE 27 AEEds o wjdeiAel EH|== LPL
o] S ELISAHS ol&3te] 43tttk = 23 Fig 1A
o Aele niel ko] 025 mg/ml SOIFEENENS 24417 A2
3k (58.34%)01- AAE ABSHA] &2 adipocyte 7-(100%)Z
HwEe w §oj8t fzos 7adl= AL el 4 94
o}, ¥hd S (HDG, 192%))% Al (GP, 243.61%)2] 749~ adipo-
cyteoll Wol =2 S71S Wehilet. wiAol EulE LPLe
e g4 =4 }7l°ﬂt w|gFo]ojA] 3T3-L1 adipocyte =
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Table 3. The half maximal inhibitory concentration (IC)) of
Sarcodon aspratus (NE) water extract

Anti-oxidant experiments 1Cy, (mg/ml)
Ascorbic acid NE
DPPH radical scavenging activity 0.03 2.86
ABTS radical scavenging activity 0.09 4.09
Reducing power 0.07 3.73
SOD-like activity 0.13 11.39

DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2'-azino-bis (3-ethyl-
benzothiazoline- 6-sulphonic acid

Ay

WAS ol gate] A4S SHAh T F LPL Eﬂ“éOI
platedl] Z7+e] AAE 308E7F A
A3 A3}, Fig. 1B Azlg vle} 7bo) H%‘aHD 77.71%)
adipocytew(100%)2} HlaLste] fogh =] A A &3
2 Jellilem PARKHCII, 120.73%), AH3-(SSY, 123%), A9
(GP, 135.30%), 2HAKSS, 14041%)y= SAZ7IEH=S Jehich
ARAAE HlR e R LPLY T e 848 S7/HIIIAY 4
S HAA] e AAlE g7, LPLAS] AAE Eu]eA)
7150 ARt agdole JEFE XA X9 NEE A
gaioich. idZHDGYS 4084 AA75e Fatidont &
HFS S7HA71e Zlo] #aEo] aAl2 HHsix

i rlo J[N' my, 5
f
[m

SOIFES(NER| & ZEdlmE, & 220l W &g &
Y =y
Z29E 5E-2 phenolic hydroxy groupS A WEEE 3}

2 el 23} gakkER A

ol tedt T_L.LQ‘r A

=Ael de] RESIAL nh2)). ERE SeE sl 3,
4 5 8 AHBE S THE Az dEA Jlom, dvty
oz F ZEvls gl S7HEsE s 5o Aeldel T
7Vele Aol Ath27-29). TS A& de] s}
= = AlSe] Aaw s sigael Sei Wk, ¥ @
HolE 2 8l 4T 5 tFH S THe Aoz 4y

A ATH27,30,31).

Galic acid®} querceting Z8|¥&3 ZefHio|=9 XFEEZ
2 747} AMgsle] NEO| & EgjulEd F Sgfrico|te] e
S =243 47 1661, 6.58 mg/gd] ko] ztzh EelEr). o)
A= Lee 5(32)°0] Hag ZE]uE33(16.23 me/g)d ¥Isg
Axe AT = AN, Qi F(33)°] B EIHA(10.00
mg/g), oFHIFAMA (1330 mg/g)e] Z)sl=ghaka) vsel 4
Fo|A Y FF32(41.10 mg/g), FAHA(49.40 mg/g), F7HHAl
(209 mg/g), A (317 mg/g)e] Tkoll= m XX ET) £
ZelHo|Es F5312(9.10 mg/g)?] 3 7M7ke- 50l
FEIHA0.01 mg/g), o}z 2] F22¥41(0.01 mg/g) EE}T %‘éo}ﬂl
EoH °E'X1HW(15 50 mg/g), A7HAA (19 me/g), FEHA1(35.70
mg/g)RtHe W& XAt} Yoshikawa 5(34)7 Pak-Dek 5(35)
o] A ﬁa}iﬂé 92 Zgtp o)yt LPLY 4L JAE
T deo]l RaEgoy 2 AFe NE= 9o A% JMVL
J&%}% vk} 7to] BARTHE LPL wd ErjoAld] §%5S 7}
2 AR %‘%—‘a Aoz Tt}

rkelebde 3lelslr] 9Jsl 2,2-diphenyl-1-picrylhydrazyl (DPPH)
ks i7‘] 5, 2,2'-azmo-bls (3-ethylbenzthiazoline-6-sulfonic acid)
diammonium (ABTS) % &A%, 3=, superoxide dismu-
tase (SOD) FFAFAS 24813tk 2 A= Table 39 A€

oot idd

GAPDH
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3
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E
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3
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£
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a NE treatment (mg/mL)
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0 1 1
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Fig. 2. Lipoprotein lipase (LPL) expression in 3T3-L1
adipocytes. (A) LPL mRNA expression by treatment of Sarcodon
aspratus water extract (NE) (0.05, 0.1, 0.25 mg/mL) for 6 and 12 h.
(B) Change in LPL content by NE (0.25 mg/mL) treatment for 12 h.
Each bar represents the meantstandard deviation (SD) from three
independent experiments. *p<0.01 compared to preadipocytes.
*#p<0.01 compared to adipocytes.

ulel 7o 2.86, 4.09, 3.73, 11.39mg/mLe] IC,#e 7 + A
o o]= controlZ ARE-E ascorbic acid®] F 1/50-1/10001 &
Gl o2 nwA ke kg 448 dol1d 4 99t
st e vive] Sl fEE BAALAES A g
ATl Ao F BiEe] Athd) £ d3e NE= it
shago] Sto} Hlwk] o@ THALE B ABLE 2 i)
=

@ 2

Lipoprotein lipase (LPL) mRNA 28 2 M=ZLj LPLZHY
& gEhl| O0|Xl= SOo|F&E (NE)R| A&t

Fig. 1¢] A3& &3 LPLY| #H|Zo] NEM| ¢J3) THas= 7
S QIS B} Qo] 1 ¥de] mRNA od 2ol dEeA
3171 $18] MEJ LPL mRNA @88 RT-PCRES F3l <l
ot 2 A3 Fig. 2494 B v} o] Aol Fxd, A
Ao wE W] Afole HEHA Sttt olE FIl ‘1
NEE= LPLY 44 ZddE J&S vxA] Eate AS
g = A} E=S A EZY LPL @] shEks ELISA assay
= %BH 31dt A3 preadipocyteol|l ¥ LPL i
(59.62%)°] adipocyte(100%)14] f-elatAl 7tk AL glg
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Fig. 3. Effect of Sarcodon aspratus water extract (NE) (0.05, 0.1, 0.25 mg/mL) treatment for 6 and 12 h on the mRNA expression levels
of protein transport-related biomarkers in 3T3-L1 adipocytes. The quantitative densities of the bands were analyzed using Image J software.
Each bar represents the meantstandard deviation (SD) from three independent experiments. *p<0.05, **p<0.01 compared to adipocytes.
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Fig. 4. Effect of Sarcodon aspratus water extract (NE) treatment
on C/EBPp expression in 3T3-L1 adipocytes. (A) C/EBP} mRNA
expression induced by treatment with NE (0.05, 0.1, and 0.25 mg/
mL) for 6 h. (B) C/EBPp protein expression in the cytosol and
nuclear fraction of 3T3-L1 adipocytes by treatment with NE water
extract (0.25 mg/mL) for 6 h. The quantitative densities of the bands
were analyzed using Image J software. Each bar represents the
mean+tstandard deviation (SD) from three independent experiments.
*p<0.05 compared to the control. ERK1/2: cytosol fraction
biomarker, histone H3: nuclear fraction biomarker.
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