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Effects of Rhei Rhizoma and Moutan Cortex on Inflammation and Insulin
Resistance in Endothelial Cells Stimulated with Palmitic Acid

Joon Suh Lee, Jae-Cheol Lee and Yong-Gab Yun*
Department of Oriental Medicine Prescription, Wonkwang University

Abstract — Rhei Rhizoma (RR) and Moutan cortex (MC) have been reported to have anti-inflammatory effects. However, little
is known about the effects of RR and MC on endothelial inflammation and insulin resistance (IR). This study aims to investigate
whether the water extracts of RR and MC could exert protection against palmitic acid (PA)-induced inflammation and IR in
human umbilical vein endothelial cells (HUVECs). HUVECs were pretreated for 6 h with RR or MC, and then exposed to PA
for 24 h. The levels of interleukin-6 (IL-6) and tumor necrosis factor-o. (TNF-at) were determined by enzyme-linked immu-
nosorbant assay kits. Western blot analysis was performed for activation of nuclear factor-kB (NF-xB) and insulin receptor sub-
strate-1 (IRS-1). In HUVECs stimulated with PA, both RR and MC significantly inhibited the production of TNF-o and IL-
6 and the activation of NF-kB. At the same concentrations, the inhibitory effects of RR were more potent than those of MC.
PA reduced insulin-induced phosphorylation of IRS-1, which was reversed by RR and MC. The results suggest that RR and
MC are effective in inhibiting PA-associated endothelial inflammation and ameliorating IR by beneficial regulation of NF-xB
and IRS-1 activation.
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AIBIXHZ — PA, bovine serum albumin(BSA), fetal bovine
serum(FBS), 3'-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromideMTT) % DMSO+= Sigma-Aldrich(St. Luois,
MO, USA)A F3ith. EBM-2 Hl A= Clonetics(San
Diego, CA, USA)oll A 3ttt 17F TNF-o 2 IL-6
enzyme-linked immunosorbant assay(ELISA) 7] E= =
R&D system(Minneapolis, MN, USA)ol A -+ 3t T},
Phospho(p)-IRS-1 % IRS-1 &3]+ Bioworld Technology
(Minneapolis, MN, USA)ol|A] +¢ 3} T} Horseradish
peroxidase”} -2 E7] 9 AF 1gG A, p-NF-kB/p65,
NF-kB/p65 2] B-actin &A= Cell Signaling Technology
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(Beverly, MA, USA). 7|e} =& A]2FS Sigma-AldrichollA]
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HlFg A o 2x10707F B =2 23] 3 MY BEFEslo]
Hj ¥, Al (passage)= 3~6H17HA] ARSI TH

FEE M= - 2 Aol AHSE oFA I thSH(Rheum
palmatum L) 2 53 (Paceonia sufffuticosa Andrews)=
LA g it sh oA st F e 9%
st Aok Fe ey ks Sske] 54
319, 3 X EA Z(DH-2012-12-03-34)9} &9ty B &
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SATE @M G2 Bradford(Bio-Rad, USA)E ©]§-3}
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2~ "h(nitrocellulose membrane)S 2 HAFSIATE, AALE 1L}
C|EZARZ A UG 5% FAWA7L 23 AlMgh A
%89l (blocking buffer)oll X 247 Fof], 12} A E(p-
IRS, p-65 NF-kB, p65 NF«B, IRS, actin)2 1:10002. =
A ste] YL A7 59 RESATA T ThA] 23 A&
1:10002.2 34 35ke] Yal 1A17F 5k ¥-3-3F th, ECL
Sdo whgAlA G 4 JTE Chemidoc image
analyzer(Bio-Rad, Hercules, CA, USA)ZS A}-g&-3to] A &3}
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SA - A FHLETHARE BAEI e, AF
+E Alole] H]W = Prism software(GraphPad Software,
SanDiego, CA, USA)E ©]-83l°] one-way ANOVAZ 4
3R, AFE 73742 Bonferroni multiple range r-tests ©]
Lokt $AIA el P<0.05= A3t
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11.142.0%(p<0.05)¢] M2z5/do] Az et mehr] A
o ARE-E= RRE] o] A 55 Alx5do] LA
% 200 pg/mLE FAISHATH MCo| Al 5445 A3
A3}, RRE}F FAFH 200 pg/mL7HA] fro ksl A 2=
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o] AMdE Mo R, & 7= WA RR B MC7t PAZ
=4 L6 B0l ¥ YL PIAI=A 2AMSIIH Fig.
1Al vERd vRel o], RRe PAR =¥ IL-65 25t
Al A ZTE RRO €7 IL-6 9] Foldo] =
& RRE F% 100 pg/mLAH 2= A Fig. 1BellA
£ & e ket 2], MCE PAZ =4 IL-62 23t
Al AR 22y IL-6 474 4 F= RR7F MCE
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Fig. 1. Effects of RR and MC on PA-induced IL-6 production.
A) HUVECs were pre-incubated with indicated doses of RR
for 6 h, and then exposed to 100 uM of PA for 18 h. B). Cells
were pretreated with indicated doses of MC for 6 h, and then
exposed to 100 pM of PA for 18 h. ELISA assay for IL-6
production was performed as described in the section of Mate-
rials and Methods. Data are expressed as means = SD from 3
and 4 experiments. *p<0.05.
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Fig. 2. Effects of RR and MC on PA-induced TNF-o produc-
tion. A) HUVECs were pre-incubated with indicated doses of
RR for 6 h, and then exposed to 100 uM of PA for 18 h. B).
Cells were pretreated with indicated doses of MC for 6 h, and
then exposed to 100 uM of PA for 18 h. ELISA assay for
TNF-o production was performed as described in the section
of Materials and Methods. Data are expressed as means + SD
from 3 and 4 experiments. *p<0.05.
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9} 7¥o], RRE PAR =¥ TNF-02 f-2l8H AR
T} RRe|l €]k TNF-a A3 f-2]/4d0] 2= 74 RRE
E% 100 pg/mLY-E] F2E AT Fig. 2BAA & F =
ule} 7ro] MC:E PAZ =% TNF-o2 723 744
Zoh. 238y TNF-o A4 74 J== RR7F MCHET} ¢
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PAZ X=E HUVECsHIM RR ¥ MC7} NF«B &4
ol OlXl= &3 - Alx=el = TLR4 58412 Alde o
] BA9] MY HARE FalA Al EZel| EA3R= NF-
kBE 431171t} 843E NFkBe 8 YWHE-Z o535}
o] IL-6 ¥ TNF-o& AR = Q= DNA E47-9ld 2
g}&tod, IL-6 mRNA 2 TNF-a mRNA $48<S § =30}
AZZ A NF-kBE p65 T, p50 ©jd 4 o]Z5e
FAS A e 1-BY BAE FA gt 2 NF-«xB &
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Fig. 3. Effects of RR and MC on PA-induced p65 phospho-
rylation. A) HUVECs were pre-incubated with indicated doses
of RR for 6 h, and then exposed to 100 uM of PA for 2 h. B).
Cells were pretreated with indicated doses of MC for 6 h, and
then exposed to 100 uM of PA for 2 h. Western blot analysis
for p-p65 and p65 expression was performed as described in
the section of Materials and Methods.
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A Insulin - + + + +
PA - - + + +
RR (pg/mL) - - - 100 200
P-IRS-1
IRS-1
B
Insulin - + + + +
PA - - + + +
MC (pg/mL) - - - 100 200

P-IRS-1

IRS-1

Fig. 4. Effects of RR and MC on insulin-induced IRS-1 phos-
phorylation in HUVECs stimulated with PA. A) HUVECs
were pre-incubated with indicated doses of RR for 6 h and
exposed to 100 uM of PA for 2 h. Then cells were stimulated
with or without insulin (0.1 uM) for 20 min. B). Cells were
pretreated with indicated doses of MC for 6 h and exposed to
100 uM of PA for 2 h. Then cells were stimulated with or
without insulin (0.1 pM) for 20 min. Western blot analysis for
p-IRS-1 and IRS-1 expression was performed as described in
the section of Materials and Methods.
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