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Objectives: Ephedrae herba (EH) and Coicis semen (CS) has been frequently prescribed
for the treatment of obesity. However, effects of combinational extracts of these two
herbs on non-alcoholic fatty liver disease are unknown. The aim of the present study was
to investigate the effects of EH and CS on lipid accumulation and glucose absorption in
free fatty acids (FFAs) or palmitic acid (PA)-treated HepG2 cells.

Methods: Five samples of EH and CS were extracted by combination ratios (S1=0:100,
$2=25:75, S3=50:50, S4=75:25, S5=100:0). Oil Red O staining was used to measure lipid
accumulation in FFAs—induced steatosis cells. Intracellular triglycerides and total choles—
terol levels were measured in FFAs—-induced steatotic HepG2 cells. In PA—-treated cells,
intracellular 2-NBDG was detected using a fluorescence microplate reader and flow
cytometry. Phosphorylation of key metabolism-related factors of AMP-activated protein
kinase and acetyl-CoA carboxylase, expression of key lipid synthesis-related factors car-
nitine palmitoyltransferase 1 alpha (CPT1a), sterol regulatory element-binding protein 1
(SREBP1), peroxisome proliferator-activated receptor gamma (PPAR7) and CCAAT en—
hancer binding protein alpha (C/EBPa) were confirmed by western blot.

Results: Treatment of EH-CS combination in the FFAs-induced steatotic HepG2 cells
significantly reduced lipid accumulation. As the relative ratio of Ephedrae herba in-
creased, the lipid-lowering effects of the combination were increased. However, S1 and
S5 of Ephedrae herba and Coicis semen did not significantly reduce triglycerides and total
cholesterol induced by FFAs. However, the combination of Ephedrae herba and Coicis se—-
men restored glucose absorption in PA-induced HepG2 cells. Major makers of SREBP1,
PPAR7, C/EBPa, and CPT1a expression tended to decrease with EH ratio.
Conclusions: The EH-CS combination has advantages over sole EH and CS extracts in
improving lipid and glucose metabolism in liver steatosis models.

Key Words: Ephedrae herba, Coicis semen, Lipid accumulation, Glucose uptake, Liver
steatosis, Herbal combination
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A2 (hepatic steatosis)F-E] B LEA 27+ (non-al-
coholic steatohepatitis)oll ©] 27|17} FH91g+ Sfnje] 7l
Ho g ARGE I Y. SRS AL nEZEY
of, &XA T AZW &7|HA AL FHE AXH
e} 2EY s fdetal, T A0 2 IhA|Z AL o
= 5L SslE AE o R A 4 9 oms &)
o=z 2t /d-f3Hhepatic fibrosis) I ZF(liver cancer)®
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22 U | A] AEE fAE] 9% Fa 71
AMP-activated protein kinase (AMPK)<} sterol regulatory
element-binding protems (SREBP)E XE4 %, 214 2
A e =33 AA tiAre] Fagh =dxren,
AMPK 9] %“éﬁ}t acetyl-CoA carboxylase (ACC)2] &4
3= 53 carnitine palmitoyltransferase-1 (CPT-1)= &3}
sto] mEZE otz At F B 4KEE X%,
SREBP®] #4& 2] WH4H(free fatty acid, FFAs) A&
SstaL, 3F 22 Yol|A o =Btz Qe AR
23 9 =25 o] NAFLDS &&H419), Peroxisome pro-
liferator-activated receptor y (PPARy)= AW Al £3}, A
WAL " A" A 2-ef| e 9= Qe
NAFLD®] x|gdego g we #Ailo] 7]&odz] glopel,
t}3KEphedrae herba, EH)2 5%&3d #rto] ohz}
A MANA 2L SEELDRE 71 Jdt ARSI
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nhgh-e- ephedrine, norephedrine, pseudoephedrine, norpseu-
doephedrine 52| YZZo|=E X333l 1O, ephedrine
£ A%A|3Eo 4 SREBP1, PPARy & enhancer binding pro-
tein alpha (C/EBPa)9} 22 AW A4 AARIAE =43}
of A A4S AaAle Aer dEA °,13r_21> kdy
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gFo]gtof| A 2]o]Ql(Coicis semen, CS)= BT} TixHy
A 7o & HIER ARgo] Ha Jled, 5 AA 1
&, ksl g9 d9 24 59 By RaEATP.
H|hol & 331 24743
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1. O 9—|°|?_| Zgt FE29| FH|

g ojolQl FEEL sHukS
2RE Fojste ARgsiith ks
9jo]Rle 57}11 &2 %3t S1-S5 (0:100, 25:75, 50:50,
75:25, 100:0) 0.2 %%‘6}04 Aol AREsHAH mHE 2
©]e]1 100 g 95 °C9] 1 Lo &4 1413t Bt S5
< S99 A5 H-E 8 um-pore-size whatman filter paper&
o35k, 7HMEZ7](Buchi, Switzerland)ol A
F8ll Axsto Fsiainh &
3 220 °Coll B
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phosphate buffered saline (DPBS)ll =<1 & 0.22 um sy-
ringe YEE o Fate] AE3tATh

=3 b &3 FEESIS)H A B FEEY &
FE(I-S2, I-S3, I-S4) = 5YS T2 =2 7t FE2E9
pHE =438l o]& AZ2] high-performance liquid chro-

matography (HPLC) profile #4918 AAI3}FH T

2. HPLC-DAD-UV 24

5714 &9 FEEF VM9 g5 FEE0 EgE
5 mg/mle] FEE FHTA I T A3t Agilent
Eclipse XDB-C18 chromatographic column (150%4.6 mm, 5
um pore size)2 ©]-83F HPLC system (Agilent 1260 in-
finity HPLC, Agilent, CA, USA)& A}&-3le] B8 4=3)
3lTh HPLC ©54-e A, B €979 ¥ % gradientS
A gste] Atk o] 54 A 842 pure water (HPLC
grade)ll 0.05% formic acid& H7}g &Aoo, B &
W2 100% acetonitriles AHE3FHR O BE &ul= AMS
A EE R o3} F ARtk 2ol +452 1.0 ml/min
ojglem 4 AIZEL 02X 527 o5 AS 95%,
SOl A 25274 50%, 25841 4587HA] 0%, 450l A1
S0%71A] 95%, 5004 5587MA] 95%= 825t L, Al
T FUe 2 uE FYska, 2] 255 25 °C AAs)

3, UV detector= 275 nm 3o 2 AA3}HTH

3. MIZFo| A ¥ HHY

QIZF Z¥F M|EZF(human hepatocellular carcinoma cell
line)?! HepG2 MEZE= SH=rA| 5 -23Y(Korea cell line bank,
Seoul, Korea)ol|A] H-2F Who} AR8-35l3ATE HepG2 A2+ 1%
penicillin-streptomycin®} 10% fetal bovine serum (FBS)E
713+ Dulbecco’s modified eagle’s medium (DMEM) HJA| &
AREEE 37 °C, 5% CO, SlsHlolE el A v ket th

4. NE =S4 =4

ME F4 7= Ez-Cytox kit (Daeil Lab, Seoul, Korea)
& ARgste] Alz:APE fAskE ol wet S8kt
HepG2 AlZE 96 well cell culture plate®l]l FBSE i3t
DMEM HiA|& ©]-8-3t HF5E7} 4x10* cells/well7} =]
T8 273 37 °C, 5% CO, AFHIolE ol A] 24 AT Hl

Sta, 2ZE-2 25, 50, 100, 250, 500, 1000 pg/ml S5
A 2] aked 24A17F wlj FekATE ©] %, EZ-Cytox A12F 10

fr

plE 93l 1A 59 HlF3E th2 microplate spectropho-
tometer (VersaMax, Molecular Devices, CA, USA) AH|Z
450 nm 3ol FFEE 43t AHE FASATH

5. Oil Red O &M

HepG2 AlZollA F259 Ad 4 oA a3& &
A3}7] 913l Oil Red O reagent (Thermo Fisher Scientific,
Rockford, USA)& ©]-&3+ HAHE AMESIATE HepG2
MEE HFTFE 4x10° cells'wellZ 6 well cell culture
plateol] &3t 24413 v F3kaL, WA E 1% bovine se-
rum albumin (BSA)S 73} serum-free DMEM HjX| 2
ZolzE & FEES 50 ug/ml ¥EF 1 mM FFAs (0.66
mM oleic acid+0.33 mM PA)3} $HA X5l 48Xt &
Qb HjFalith. NIZE DPBSE Al e ¥ 5% formalin
|NoZ 3087 143ka, DPBSE 33] AlH3kaL, 60%
isopropanol = A&t § AzxsIATE H|E] 0% Oil Red
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6. 34XY ¥ SZYAHE =H

HepG2 Al ZollA FEE0] AlZ ] F# 28|S0l v|A|
T Z2HE 2457 918 obikAIeF triglyceride H total
cholesterol kitE T3t AHESIATH MEE HITFE
4x10° cells/well 2 6 well cell culture plate®l] FEF3}e] 244]
7t vjeFslar, Bz S 1% BSAS -3 serum-free DMEM
Aol A3HsE 1| mM FFAsoll 24413 &<t v ks, 5
ZEL 50 pgml FEE 48413 5 A 25Tt Folch
W ol whg} 2:1 ] 8-2] chloroform, methanol 300 ulS Z}+
welloll Z7Fske] 4283511, 12,000 rppmoll A 102 B¢t
AEEete AEds 23, SREEXE S A=
tubedll &3 T ALoA A=z Az AF FF
E-E 50 ul isopropanololl A-83NA1Z1 ¥, triglyceride/total
cholesterol assay kitZ A|ZA} A= 25 AP Ho

we} 24k,

Ho e

7. Western blot
HepG2 AlEol| A EH-CSOll 2|3 x| A thAte} Bedd o
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WA o] WY FFE ¥lasky] 913l western blotS A AISH
Ak AZE 100 mm wske] 24413k
Wl &FstaL, 1% BSAS 373} serum-free DMEM HiA| 2 2l
33k Fof F2ES 50 pgml FE=Z 1 mM FFAsS} S|
Aglste] 24413t < v sl ATk M Ert 4EH AlZE
DPBSZ A& 3}3L protease and phosphatase inhibitor cock-
tail (GenDEPOT, Barker, TX, USA)S %71+ RIPA buffer
(Thermo Fisher Scientific)& ©]-83l] Td-&
of] BCA kit (Thermo Fisher Scientific)S ©]-83}o] Tl
A AFE 59T T DMAEB0 pg)= 10% SDS-
PAGE gel-2 ©]-83}o] 57] ©& 23+ & polyvinylidene
difluoride membrane®l] F°]3}HTE ©]F Tween 205 0.1%
33t tris-buffered saline (TBS-T)Z 33| Al&3lA, 5%
BSA®] 143} &<?F blocking3t3ATh. 12+ &A1& 1:500~1,000
o] BIEE 3% BSASl 3]4{35to] membraneo] *2]5to] 4
°Coll Al WHA BEg-AIZ] & TBS-TE ©|83te] 1083t 33
AAL skt 23 A= 1:2,000-4,0002] HIEZE 1%
BSA©] 3Asle] AFR-3 A, 2A17HESE ¥4 7] a1 33
M A 3FE ). ECL buffer (Super Signal West Pico, Thermo
Fisher Scientific)& *]2]3}3L Fusion Solo (Vilber lourmat,
Collegien, France) ©]-83lo] Gl d 43§ &RI5IHTh 1
Z} @A P-AMPK, AMPK, P-ACC, CPTla, SREBPI,
PPARy, C/EBPat Cell Signaling Technology (Berkeley,
CA, USA) AELS AF83F9 3, B-actin & 23} A=
Santa Cruz Biotechnology (Santa Cruz, CA, USA) A|&&
AH&-s ATt

cell culture plate®]]

L2=X71

8. l-'-l' 2¢'6 :g 15

HepG2 AlZolA 2-NBDG A|eF&
AE Yz2e 5 F5E A3 AEE 96 well
black plate (Greiner, Austria)ll FBSE 43 DMEM Hj
A& o] g3l HZFFEIF 1x10* cellswell7} H =5 5
ko] 24A17F WSk, WA E PA 250 pMS 73 se-
rum-free DMEM 8| X2 ZrolE & 24 A17F v oFsk & 57
A FEFES 50 pgml FEZ A )ste] 2447 Sk vk
slth A5 AS A A3t DPBSS o] 8-3te] 23] A& s}
I 2-NBDG (100 pg/ml)7} 3+ glucose-free DMEM Hli
A2 wA F 37 °Col A 3083 AFFHlo]Efol| Al Hj st
I, DPBSZ M&3 & fluorescence microplate reader

(Spectra Gemini, Molecular Devices, CA, USA)E ©|-&3}

o] g3ted HHA<I

e
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o Ex/Em=485/545 nm 3ol A FF F=5 A5}
AANE Flstch

0. % FME 2N
2-NBDG A2} 283 HepG2 A ES A2 EX471E
S O

ol T F Yk we AL v g S

Sk MEZE cell culture plate®]] FBSE -3 DMEM Hj|
oA HFE F=7} 1x10* cellswell7} H =S B33}

24417k v FstaL, wiA| S PA 250 uMS $H3-3F serum-free
DMEM HjA| & ZolE & 2447t wjekdt & 5714 &
=550 pg/ml FEE FA o AeJste] 2442 S Wi
3l9th A5 NS A #31a DPBSE o] 831e] 23] AlH s}
3 2-NBDG (100 pg/ml)7} 3+ glucose-free DMEM Hl}
AR WA F 37 °ColA 3083 AFHlolEfol| A nl s}

31, DPBSE A3l 2-NBDG &5 WS S&313ith
NZE trypsinO. 2 BFAZ 5 GAZ 248 98] 4 °C
oA FA3AE. 2t =7goll s CytoFLEX Flow cy-
tometer (BeckmanCoulter, IN, USA) 4|3 £47]1& A
3] 10,000702] ©Y A o|HEC) A HolEE 33}
At

10. SAX

Aol BE dHolHe Bt £FUA g Aol
(mean=deviation)Z YEFN S, GraphPad Prism version
5.0 (La Jolla, CA, USA)E o]§3ted ZF i ZA}e] f-9

#4JS one-way analysis of varianceol| 2|3 sl o p
#kel 0.05 PRt A5 Vo ®E SAXOE fosith
a1 etk

gt

1. Okt 2JojQl HIZM| ME FE= +31 §4 Hlw
npgka ofolQl Hlgd e s7HA] dF FEES 58

2 S84, 83, S5, S2, S1 =22 =4 JEFETHFig. 1A). S1

o] &L 4.5%, S52] FE-E 8.9%<1H Wil sS40 &S

11.1%E v}3 9% FZ2E5(S5)0l Hlsl 8] &4 =

oL
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Fig. 1. Characteristics of EH-CS extracts by different combination ratios. (A) The extraction yields of combination extracts of
different EH-CS ratios. (B) pH measurements of water-eluted EH-CS extracts. 1-S2, 1-S3, -S4 indicates that the samples were
prepared by mixing sole EH extract and CS extract after their extraction process with same EH-CS ratios for comparison. EH:
Ephedrae herba, CS: Coicis semen, |-S: mixed sample of individual extracts.

1B). §H8, n3ts} ool 7 FEE 7 AE(1-S2,
I-S3, I-S4)oll A= 22 njgkolo|]l Hlge] &3 FEE9
H|3) pH 237} =7 Yebd A3E 82154 thFig. 1B).

2} pH7} oEHo 2 Zrhdhe ARE YR A th(Fig
=t ]

2. Opgtat QojQl =8t £ WY FE522 =8t ME9

HPLC D=m 2M

nlgky) ojo)Ql &3 FEE(S1-S5)H NE FEE] &
FH1-S2, 1-S3, 1-S4)¢] T =7 HPLC £4] A3+ Fig.
2A%}F ZFo] Ut &9 oJol}l fr#) =4 peak (RT:
4.038, 20.039)9} th2] vl e &2 peak (RT 12~20
min Abololl HEE AT & ATk

o] w, v}3} F 2] peak area= "}3e| H|E Z7}
(S1olA S52 ZFE)dl| wet F71etRed, 1 37 &
2 £0]509] s49} S5014 53] F zkel7t vAl Ftt
(Fig. 2). =3+ TYg vldk-ojolQl v & FE25|A, &
g FE2EH MNE FE2E9 3 AZ71E(S29) 182, S3
9} 1-S3, S48} 1-S4) peak areaS A|USHA vl 3HH S w,
g FE2E vis), ME ==
area’} 9A UElY= 443 @4 AT 5 A
(Fig. 2). Fig. 2014 &2 02 A A3 &2 peak 65 ©]
o5 FEo] 7F53 ThE peak areal] 41 A= AL

3 A3E el
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=
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3. Orgtat 20|12l £EZ0| HepG2 MIZMES0 0O|Xl=

0

02
0%

FE=E

rlo

X
e

=
=

o

Al

o

A3}, ooRle] B0l &

A RO R AE 540 v e gletda, S5 A
Z(U} 100%)2] 100 pg/ml T e AZAYELES
82%% FAsHA HaAF o BEH S1 A

g/mle] WEFTOAE 88%2] =& AEZAYE

webs] B AZAFNA TR A5 T
oA AEZEAo] YEA] &+ 50 pg/ml TEE
stod ATFE Y3 ThFig. 3A).

[

4. Dfghdt 2l0|Ql S8 £ES0| XIYZH 27O M X=

ol 5
M0 0jxl= I
FFAsE A E|st AlZs X e3hA] g2 Azl vla) oF
30% 71 AA 2 A3 thFig. 3B, C). vhate]

3}
HlEo] wobdaE A2 ) A FZo] ZaHUaL, 50
ng/ml F5=2] S5 A= A F2& 23% daAFTh 2
HHoz ool TE FEFEQ SIS Aejsta A9
o

folmar 1aE Flatarh

5. Ofght 9|0jQl FEE0| triglyceride X total choles—

terol0fl O|Xl= F&

FFAsS A 28|$t A= ME W triglyceride 2 total cho-
lesterol 52]°] from|etAl F7Fstaitt. 3H4 S3, S4E5 A
23k 2FolA ol BIsH triglyceride®] o] 4
£ H Y 3(Fig. 4A), total cholesterol-> S1 2]l A 713
woront, el Bis) fojnlgt Tae wEEA gt

THFig. 4B).
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6. DRt 20[2l FE=0| 2T S0 OIXl= S
B polARZHOIE ¥ @ 24 B % frAlE
4L 083 A7ATANA PAR fEH AlXE AP
A 2 = Aol vis 7k 18% B 19%°] F &2
AaE HET 1A 93 A=E 018 240IA

S2, S3, S4 A ollA freojn|gt %?%91 7t Ese &
Z3HA AL, 2 A2 PA fr=
ofulstAl F7FstAthFig. SA). ﬁé% FAIE B =
A 71EY FF AEE 2 HAEY &S 7TH-ESHA
=), S1 M-S A BE ATl A T S5 A=

Hl&-o] Folr|3t Z71E B+, S
T3 Bt oF 45%E T H& =S
e oF 34%

S3 AYTS PA =
Hyom s2
313} tHFig. 5B).

FHIE AL 9
7. DR 2/0[Q) &2 XIF ThASH Bt M50 0I%]

ntgat ofolQlo] XA thAret i H ‘ﬂ.‘@_‘% q4e =
Hal=A] gelshr] s AL B4 34
ACC®] <litskel = A3t o4 %
PPARy ¥ C/EBPo T&-E& western bloto =

CPTla, SREBPI,
A8kt

(A)| ~ s1
B E
4 g
& E|
38
3
o 2
0
T
MU_E
- 2
q 7
*2 Skt & .
LELY :
p (B)
O SR TR 5
Mii |8 Retention
1 g Jid| e [ Time Peak Area [mAU*s]
9 1 3% iz | & (min)

! a1 ¥ TSampien| 1313 | 14634 | 18037 18448 19477 | 20964
3 T [ [} 0 0 0 0
i + s2. 2763 | 3049 | 1647 2034 963 3253

eSS i 52 | eas 133 85 943 0 1471
iy - —
% 1 2 53 2024 | 447 2438 3121 1361 | 4665
g 153 | 3185 | 3581 | 2031 2535 1089 | 3886
| I T s 5397 | 5802 | 4026 4441 166 6039
4l 154 | 2009 | 3273 | 1858 2384 1001 | 3495
o i = 55 5700 | 6107 | 432 4703 1749 | 6314
AOTE, S5=05A * %
g B gl1-53 ©
£ g E‘s‘ o 8 s

1 o %5

g g =7 I3 ms4

: abald

! !

R L

&
&

0dss of

30872650 2833

13.13

00 e

w818 3

Tt
[y

B

Jh™ al W
; E: 50
OTE ST B
o~
+] E 40
4 a8 | 30 -
= . T 7 ' T 20
5 3 3
T T A BT |
s i g-s4
: g 2] 0

14634 18.037 18.448 19.177

e

Fig. 2. HPLC profile and peak analysis of EH-CS extracts. (A) HPLC analysis of all EH-CS extracts by different ratios. (B) Results
of some peak areas of EH-derived compound peaks. (C) Bar chart of peak area results for comparison. 1-S2, 1-S3, -S4 indicates
that the samples were prepared by mixing sole EH extract and CS extract after their extraction process with same EH-CS ratios for
comparison. HPLC: high—performance liquid chromatography, EH: Ephedrae herba, CS: Coicis semen, |-S: mixed sample of individual

extracts.
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Fig. 3. Effects of EH-CS combination on HepG2 cells. (A) Effect of EH-CS combinations on HepG2 cell viability. HepG2 cells were
incubated with different concentration of 5 ratios of EH-CS extracts (0-1,000 ug/ml) for 24 h. (B) Effect of EH-CS combinations on
lipid accumulation in FFAs—treated HepG2 cells determined with Oil Red O staining. HepG2 cells were co-treated with FFAs (1 mM)
and EH-CS extracts for 48 h. Results are the meanstSDs of three independent experiments. (C) Microscopic images of ORO-stained
HepG2 cells by treatment EH-CS extracts (x200). EH: Ephedrae herba, CS: Coicis semen, FFAs: free fatty acids, SD: standard
deviation, ORO: Oil-Red O, NC: negative control, IND: FFAs-induced control. “P<0.01 vs. FFAs—untreated controls and TTP{0.01 vs.
FFAs—treated control.
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Fig. 4. Effects of EH-CS combinations on intracellular TG and TC contents. (A) Relative TG contents, (B) relative TC contents in
HepG2 cells. Intracellular TG and TC contents were measured as described in Materials and Methods. HepG2 cells were co-treated
with FFAs (1 mM) and EH-CS extracts for 48 h. Results are the meanstSDs of three independent experiments. EH: Ephedrae
herba, CS: Coicis semen, TG: triglycerides, TC: total cholesterol, FFAs: free fatty acids, SD: standard deviation. “"P{0.001 vs.
FFAs-untreated controls and TP<0.05, T1P(0.01 vs FFAs-treated control.
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Fig. 5. Effects of EH-CS combinations on intracellular glucose uptake in PA-induced HepG2 cells. (A) Glucose uptake assay using
2-NBDG fluorescence, (B) flow cytometric analysis of 2-NBDG positive cells. HepG2 cells were co-treated with PA (250 uM) and
EH-CS extracts for 24 h. Results are the meanstSDs of three independent experiments. EH: Ephedrae herba, CS: Coicis semen,

PA: palmitic acid, SD: standard deviation.
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"P¢0.001 vs. PA-untreated controls and TP{0.05, TTP¢0.01 vs. PA-treated control.
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Fig. 6. Effects of EH-CS combinations on adipogenesis-related
proteins in FFAs-treated HepG2 cells. The phosphorylation
levels of AMPK and ACC and SREBP1, PPARy, C/EBPa and
CPT1a protein expression levels in FFAs—treated HepG2 cells
were immunoblotted and analyzed. HepG2 cells were treated
with FFAs (1 mM) for 24 h and followed by treatment of EH-
CS extracts for 48 h before protein extraction. EH: Ephedrae
herba, CS: Coicis semen, FFAs: free fatty acids, AMPK: AMP-
activated protein kinase, ACC: acetyl-CoA carboxylase, SREBP1:
sterol regulatory element-binding protein 1, PPART: peroxisome
proliferator-activated receptor gamma, C/EBPa: CCAAT enhancer
binding protein alpha, CPT1a: carnitine palmitoyltransferase 1
alpha.
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