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Blood Serum Lipids and Skeletal Muscles Fatty Acid Metabolism

Objectives : This study was performed to investigate the effects of Pinelline rhizoma on blood serum lipids and
skeletal muscle fatty acid metabolism of obese Zucker rats.

Methods : Experimental groups were divided into normal Zucker rats (lean control; non-treated), obese Zucker rats
(fat control; non-treated) and Pinelliae rhizoma oral feeding obese Zucker rats (fat control; treated) for 6 separate
experiments. Pinelliae rhizoma was investigated for effects on total body weight, serum glucose content, total cholesterol
and triglyceride content, free fatty acid content, PPARalpha, CS and beta-HAD

Results : 1. Triglycerides in blood serum showed a greater decrease in the Pinellia rhizoma oral feeding group than
the overweight control group.

2. PPARa showed a significant increase in the Pinelliae rhizoma oral feeding group over the overweight control
group in skeletal muscles of SOL and EDL: as for protein FABPc, the Pinellize rhizomaoral feeding group saw a
greater significant increase than the overweight control group in the skeletal muscles of SOL.

3. CS activity showed a greater increase for the Pinelliae rhizoma oral feeding group than the overweight control
group in EDL

Conclusions : As the experiment’s results show, Pinelliae rhizoma effectively decreased the weight and triglycerides
of the obese mouse, and somewhat affects the fat oxidation in the skeletal muscles.
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Se 2 Az APt 29k T2l fatty acid
binding protein (FABP), fatty acid translocase (FAT),
carniting palmitoxyl transferase (CPT-1)2] ¥
7} p-A¥s} #g o) FF A1 B-hydroxyl acetyl dehydro-
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2) Aele] Az B Fof

WSH Pinelliae Rhizoma) <FA] 300gS S
ghxge] Ya FFF 2,0000S 7Veke] s1d-F
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cholesterol, triglyceride® ®A&}9]1 free fatty
acid= WakoA} (JAPAN)2] NEFA C-test kitE o]
£3jo] EAlas.

® 242 4%

67t B3 E g T pentobarbital (60mg/kg)
& B2 2QAA AN F B sEo
7B (soleus, SOL)3} AA] Al (extensor digitorum
longus, EDL)E- 242} ®eleldth 7 23 western
blotZ $Jall sample(0.5g)2] #3] 10u] &z
homogenizing buffer [25mM Tris/Hel pH6.8 SmM
EGTA, 50mM NaF, ImM sodium vanadate, 10%
glycerol, 1% SDS, 1mM PMSF, protease inhibitor]
o} 7 d-go ¥ w23} (homogenizer, PYREX
Corning, USA)AIZ] & 15,000rpme 2 4Tl
2087t A 2] (microcentrifuge  VS-15000CF,
Vision Scientific Co. Ltd)A|A 4&& Eala) W
Atk & i BSA (bovine serum albumin,
570nm)E o] &-3}o] Bradford'’e] WhHoz Ak
a3l ct.

(4) SDS-PAGE (47] 94%)

12-15% separating gel(30% acrylamide: bisacrylamide,
1.5M tris pH 8.8 , 10% SDS, TEMED, 10% ammonium
persulfate)@} 5% stacking gel(30% acryiamide:
bisacryiamide, 1M tris pH 6.8, 10% SDS, TEMED,
10% ammonium persulfate)S FFEo] A}2-3} T

7 2747 24¢ @A Qi pud
2L SDS loading buffer(60mM tris pH 6.8,
100mM DTT, 10% glycerol, 2% SDS, 14.4 mM
2-mercaptoethanol, 0.1% Bromophenol Blue)Z =
3 3 100CAA 1087 2o Thildg Wy
AR F 28A A 15,000pm o 2 2083t 4T
oA YAE2 sgith Standard marker (SDS-PAGE
Molecular Weight Standards, BioRad)$} &7 2+
sample2 Mini-Protein Il (Bio-Rad)el|] FH]€
stacking gel wellol] 22-& total protein content(250
pg)7t H g EF38EIL 100 voltel]| A 2417 A=
sampleo] Hietoll @& w72 ANGE ek
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(5) western blot analysis

Transfer buffer (190 mM glycine, 50 mM Tris-base,
0.05 % SDS, 20 % methanol)l] A4l Whatman 3M
paper, ECL nitrocellulose membrane (Amersham
life science)@ A A719% 3 gelS 22 A
%] Mini trans-blot module (Bio Rad)e]] %3+ &
100 voltZ 2A]7F AARSIA T

Membrane®. 2 Z2ro] B} rocker platform
YoM 1A]7F E¢F membranes 5% skim milk £
9! (in TNT: 10mM Tris-base pH 8.0, 150mM
Nacl, 0.05% Tween-20)2.2 blockingA17l &, 13}
3} A (FABPc, PPARalpha)s} 23 A& zd|=
shaking A]7]9 ®kgA]Zith TNT &40 23
g2 ¥ & membraned] ECL Chemilumi-
nescent reagent (Amersham Pharmacia Biotech)&
HHe-A)7] 3 Xeray filmel) ZH3A170 & @45tk

o]A membraned scannerE ©|£3te] scan
3t & o|mx| BA ZZ7¥¢W(ImageMaster ver.
3.0, Biotech Pharmacia)g E& thizdeks Al
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WoukES &AM Rste AR AEE
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oj &3ttt

@ citrate synthase (CS) activity

citrate synthase FHAlTo] =32 CoASH7}
5,5,-dithiobis-2-nitrobenzoate (DTNB) ¢}2] kg
< E3) A= Ao MEE Spectrophotometer
(412nm)E o] &3 /AT A ozt &4

© arbitrary unitse| 2t ©HE AHEIIA ER
H=d), YelE AgA(millimolar extinction coefficient)
T 13.6& A&t
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activity

B-HAD:= 4¥lA  acetoacetyl-CoAZ 484 B
-hydroxy compound® A 3-S Zvjsl= Fio|th
B-HAD®] A== spectrophotometer (340nm)E
o|§s) NADHY 358 Bagozs doid
th 7)A 2 S-acetoacetyl-CoAS Al8-31% 1, el
2 A9¥A 4 (millimolar extinction coefficient)=
6.22% Al&-3lch

3. XIZ2x2|
A4g A7 dojd RE ARE Hd(meanptE
Az SD)E Yehldth FAE, vutd 2,

“
=
ulslEd Fo] A8 A7E SPSSEA package version

11.0 ] one-way ANOVAE 2Asle] ¥ @A
ik p<0.05%) A9 FAA Fl9E AFHK
3 B e 7% Bonferroni AHFHAE AAE%

R

1. MiEe Het

Ad A Zucker rate] #HF2 N (normal)a2
224.17+19.82g, OC (obese control)w-2 264.33+26.86g,
OM(obese medication)w-< 266.00+24.34g2 2 N
5 AYe OCE, OMT-E BF H|&=3 AFs
Btk

Z219] Zucker rate] #|52 N2 361.67+45.06g,
OCT& 503.00+20.41g, OMT2 485.00+£29.19¢g
o2 OMTE OCTd H|F A|Fe] tda Fo=
£ 78S HYtKTable 1).

g2 glucoser OCT2 203.80+19.46mg/dL,
OMZ-S 18520+14.02mg/dLo. 2 T #3391
8% Cholesterol @ f|AWite] &&= OCT
L 7+7} 146.00+£8.75mg/dL, 0.542+0.113 mmol/L,
OMT 2 146.80+5.02mg/dL, 0.541+0.125mmol/L
o2 {3 Ao}t gtk EF TG $=& OM
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Table 1. The: Effect of Pineliae Rhizoma(PR) on Body Weight.

Body weight (g)

before 6 weeks later
N 224.17+19.82 361.67+45.06
oC 264.33426.86 503.00+20.41
oM 266.00+24.34 485.00+29.19
Values represent meantstandard deviation
N: normal lean
OC: obese control
OM: obese medication
Table 2. The Variation of Lipid Profile Levels in Blood
N oC OM
Glucose (mg/dL) 154.00+5.51 203.80+19.46 185.20+14.02
C?;Zﬁgol 90.00+8.89 146.00+8.75 146.80+5.02
TG(mg/dL) 137.50+£12.49 583.60+63.31 440.20+51.41°
FFA(mmol/L) 0.234+0.025 0.542+0.113 0.54110.125

Values represent meantstandard deviation
* p<0.01: OM compared with OC

p from ANOVA analysis

N: normal lean

OC: obese control

OM: obese medication

F& 440.20+51.41mg/dLZ  583.60+63.31mg/dL
o] OCZdl Blak oA (p<0.0)AA FH&sATh
(table 2).

3, 2Z2 o] FABPc, PPARy [HHERE 5}

242 o] @A PPAR-q, FABPco] H31E
=223 A7}, PPAR-a-& SOLAA] OCHL 3.64+0.31
2 N9 5.15£0.962r} 59 8H(p<0.05) 747}
g o, OMZE SOL, EDLo| A 5.62+0.64,
2.9240.522 Jelo] OCZET} 89 3Hp<0.01)
2712 H9th FABPco 7% OMv2 SOLY]

A A 11.40£1.33-8 Yehfo] OCT<] 5.39+0.65
Hu} §93Kp<0.001) Z7}& B riTable 3).

4. 22 LHojIMS] X]dt 2 S 4
OCT-A] NZEd vl&] A&

S| tH
2l SOL# &<

EDL 250X CS activity, B-HAD activity, §-HAD
/CS7} Folzl 2& BH 1, 53] 49 EDLo|
A F83H(p<0.001) F717F AUATE OMTA| A=
OCT M KTt CS activity, B-HAD activity &5
A3k Aoz vehdon EDLA A CS activity

o AR CE FelRi(p<0.01) =50 IIT|(Table 4).
L)

HTHE2 Type 0 BaH, 18, 1X8% 55
ABAo] g Aoz LA e AFol 20%
= S7kehd nEste] v Hlee 560 S7}
o, A EFL 2.1, T8 3.8 b Ay
Nz SUket O fdz #EWAd, &
g, T, 245 TF7] A o, e +
% 59 w4 N GA F7b
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A kel gtol A wigte] Q1 A FHEA, A
HhA| A (fat cell theory), set point theory 522
AR EA o] e Bsta oA =
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Bt Pinellige rhizoma) MW7} FiEslo] 88
FERERLSI] B R BBk X8 TR
IHER s MESse &%l itk =9 6
kst WEHE FI_fEels &%) e

ok Wel2 B o) KEL F S ZWad
oz WEdE Ao T 4 Uk

el e B39l 2RAA o ol 1
= homogentistic acid7} E0] glon FAZ 4]
270l Belsle AT slol PAYBON
QTS ) ATV, o] Hol% HEAZ
9] protoaemonin®} ¥] 43} alkaloid, A&=2}&
o] A
3 A8, JA nicotin, amino acid, J-sitosterol,
phytosterol 5] 4 ¥o| glch. wkhe Z2 A7}
vje} B2 55 rHIAA ARREIE 4o
& dom Auho] ZE A=E Fo 3743 <
Fol| TFETS Eeh L, BB, RN,
WHE, TR, ERIER, BHER, K5 FREl
AHOP. ZE g wtatel H|gte] #A EE AA
Akl PIXE gkl e B ofF gle 4

o m{ﬂ

&} saponin, A=A el alcoholF, &
B

14

o] <=1 HHH HRIL A #FiTe] =HA g o]t}
ol MG sgel meo| YB3 o] Foix|x] ARbe H]E #(Zucker fat ra)E tFo2 W
oolx] HlwkelA Hgtie AL ouay. FA7t AF 2 PF glucose, EFA AL total
Table 3. The Variation of FABPc, PPAR Proteins in Skeletal Muscles
Muscle oC OM
SOL 8.13+1.69 5.3940.65 11.40+1.33¢
FABPc¢
EDL 10.88+1.13 10.46+1.74 11.86+1.39
SOL 5.15+0.96 36420317 5.62+0.64°
PPAR-a .
EDL 1.85+0.14 1.67+0.18 2.9240.52

Values represent meantstandard deviation
t: p<0.05; OC compared with N

*: p<0.01; OM compared with OC

¥: p<0.001; OM compared with OC

p from ANOVA analysis

N: normal lean

OC: obese control

OM: obese medication

SOL: soleus muscle

EDL: extensor digitorum longus muscle
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Table 4. The Variation of Fat-related Enzymes in Skeletal Muscles

Muscle N oC oM
Citrate SOL 28.17+3.36 30.20+5.70 35.1243.18
Synthaser s .
(CS) EDL 31.30+0.50 36.60+2.17 49.26+9.30
SOL 5.75+0.80 6.52+1.49 7.54+0.38
B-HAD $

EDL 3.58+0.17 5.50+£0.62 5.82+0.13

SOL 0.21£0.03 0.22+0.03 0.22+0.01

B-HAD/CS 4 +

EDL 0.11£0.01 0.15+0.01 0.12+0.02

Values represent meantstandard deviation
*: p<0.01; OM compared with OC

T: p<0.05; OM compared with OC

%: p<0.001; OC compared with N

p from ANOVA analysis

N: normal lean

OC: obese control

OM: obese medication

SOL: soleus muscle

EDL: extensor digitorum longus muscle

cholesterol, triglyceride, FFAS] Fxof njxj= Fakzt  Qzlel] 93] 25-5m 1 2 e A&

FA9] A AF iAol 9lof lipid 2 lipoprotein EEEO] DHeA BAHA Utk 18
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e Fhm 53 E— A& &= FABP| m]X] LangerhaHS*é«l g9, 73 2HEg, WEnd

=g 2@ 4% UG AAY AE E3AAADSE )0l Yo Hw

g CS acthltyQ} Awpatstel Ag7t He B MdXE & 4 vk 2 deddFe v
e

HU ¥ e
fr rlo N

m
ik

-

‘o
-

%!
g9
-HAD activity®] 84=& AE3N] o33 =Y, ¥9E, 27‘4/‘3 FrHe dF, AP
Folg 47E Ik A5, Al AEF, 2AF] AR oA B
WA ukste} A Fe] BA) gl A8 A zucker B, H]gHel Al FArolo)] ulE] dFE o4
rat] A58 N (normal)r& 224.17+19.82g, OC (obese Y ¥rrl 58 A9y Zdon Q& Ao
control) T2 264.33+26.86g, OM (obese medication) Z7tetd AEdlo] FHelor ot 71l Zpgo]
T2 266.00424.34g 0.2 NZ& A 2|3 OCE, OM A gtdr}. 221 A A AL Zofl7} Futels A%
T2 BF H£3 45 =2y 7h B,
65391 zucker rat®] HFE N2 361.67+45.06g, % Ao A = glucose e N2 154.00
OCT2 503.00420.41g, OMT2 485.00+29.19¢ 5.51mg/dLe] 7 OCT-& 203.80+19.46mg/dL. OMT

l

o2 OMFTE OCTo vl8l EA14 soAe ¢l € 185.20+14.02mg/dLe.Z OCTo| ¥ls) OMZ
2t AFol i Folue A Hri(table 1). AlA Tha SE9thtable 2).

Glucose= A Y] AL zA 713 23 AA W cholesterol-& Al Z = A E2] vlA A}
Edoln] 1 FEv FBVOZHEHY B9 F4,  © F£x 59 :r“‘“*—"'i”% olF1 e T83 A

o}
el e] el A3 glycogeno] FA, ¥, T Holw], Aol Fe AFe] 02% H=olrh
Z2z229 G o|g, JozRE ] w4 To] odg]  #Z9| cholesterol ¥EE F& 7t 3 FHol| A9
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cholesterol2] A4, &, o3l TAISE Al U
o o8} #-$5)o] total cholesterol 3 32 A
W A ool AERAN Fasyt. 2d
v kR 47} =09 total cholesterol 32 F7}
3= Aog v glo] A & total cholesterol
e NLEH £I2 IIE A2 .

B Addr dF cholesterol e NF&
90.00+8.89mg/dL, OC+Z 146.00+8.75mg/dL, OM
& 146.80+5.02mg/dLO. 2 frolgt Aol7} fi%E
ti(table 2), ol 63F7tel Wil Foi7l 59
cholesterol & ZAA7] = Fol3t a7& 4oy
A Rale AL vk

Al xﬂLH,] 2 HRS- A B 9+ total cholesterol
3} triglyceride A% oA A3te s Heda Al X
ol A BxHo g2 S0y FHS Bl
T2 Folrted HE-EY
o AATAEIAE B4 B, Triglyceridets
AN 245 AgzAel FHRe Al o

A A& apoprotein

A Aol Bt ot BF triglycerided]
Aol <A@ WARE WA )
o, DA, g2, 1gA, v)RkE, A

o LY J—-
b oA F7V8ke 7S HolH, triglyceride?]
273 ALY o)) Aol S F2E AL
o] ©t}®. Triglyceride:= glycerinol] 35-3}e] =|w}
Aol ostersh BFG Aoldh HBAG wow
A & Triglyceride 32 Z7lsle AL =2 8
A 9lol A = Triglyceride H3l= Hlvk=0]
$52 B9 & e 27 2 5 U
B 286 82 Triglyceride= NZL 137.50
+12.49mg/dL, OCTL 583.60+63.3Img/dLo] 11
OMZL 4402051 4lmg/dLO. 2 OMZ|A] OC
Toll Bla) W F2ld (p<O.0DUA a7t A
FiTable 2). ol e AL L AUA A2
F93p0 AHE % Aok AL SJuigl, 34
55 gelle AWt e AR o E 4 Sk
YA 2 free fatty acid (FFA)+ & X|"WHake] 4%
2 ool Aol B3 EFo g Wiy

_&
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91 glycogeno] AR5 ThgolE ¥

TG FFAZ A5 5 54700 308
S QY AR FEATL AT
8o 23} FobAA S0} AT A%
#7} 271514 FFAVE 8202 E453 &
9] FFAZ} F o= o] %u}z“‘”.

FFA 3o QlojaE Nt 0.23440.025mmol/L,
OCT-& 0.54240.113mmol/L, OME- 0.541+0.125mmol/L
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PPARae] gt BAHQ A= 1AEF A&
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Stk ARl e 2 Zugdc
Fibrates T 5W A4 o] 929 triglyceride
(TG)Y 85 =& HF3 A9 7% high
density lipoprotein(HDL)9] =& =ol& §34
Q k2 RAM BA4EAME lipoproteing} 2|
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activator2 2Hg 3cp).

PPARa activatorQl fibrate7} 1A 8= X 84|
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3} A87)700) BEE FYHA L& Ao ok,
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Bojste AR HEE {EAFIA] ggko
AlZbol A wel ¥H & A AL
triglyceride} cholesterolo] &2 5 11 v gho] WAy
Hdtha B astgct.
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free fatty acid)2 o] AP o] & LCFAE
4%, 2, 2% 5 Ao 28 24049 F4 o
YA FFdes o] xito] AN o] &5 7]
el Al Ee-g- E28le] mitochondrial-t microsome
I 2L A2 2029 o]Fo] Hde)E|ojo} &
o} v 849 KR Aol 899 MEA U
2 olFdte V1AL At AP (Fatty
Acid Binding Protein, ©|3} FABP)e] WtA oz ¢F
#A)7] AZeAHY. FABPE A ¥d o] =)
3= 14-15 kDa®] 7|2 7= wwlA 2o
LCFAE F oUz|9o g olgsle zH A Al
FA F A 3~8%0] Zate B o] &
A ah,

FABPE E¥27 0| uwte} H-FABP (heart) £
M-FABP (muscle), I-FABP (intestine), L-FABP (liver)
= 2Ren 2w 4%, 3AD, 4 T oldelx
A2, o, A%, A #4, o0, B B 5 A
el T Alge BEsn Yo,

2720 EASHE FABPE A4 )% 2
HAbel Belshe A 4 TR oFe

b
i



(460) Pl ErE A A27H A2E (20061 6Y)
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acid transport protein)ol 2] &3] o] %3t} Ik
AZRAE AEE fol v EA5t= FABP
s} AgstA 9ok = FABPY Z7le AW
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