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Beneficial effect of Polygoni Multiflori Radix in high fructose diet—induced metabolic
syndrome rat model

Min Chul Khol’Z#, Yun Jung Leel’z, Jung Joo Yoonl’z, Ho Sub Leel’z, Dae Gill Kangl‘?g

1 : College of Oriental Medicine, 2 : Hanbang Body—fluid research center, Wonkwang University

ABSTRACT

Objectives : Polygoni Multiflori Radix (Jeokhasuo in Korean) is a Oriental traditional herbs widely used in East
Asian countries, Overconsumption of fructose results in hypertension, dyslipidemia, obesity and impaired glucose
tolerance which have documented as a risk of cardiovascular diseases, This experimental study was designed to
investigate the beneficial effects of an ethanol extract from Polygoni Multiflori Radix (PMR) in high—fructose
(HF) diet—induced metabolic syndrome rat model,

Methods : Sprague—Dawley (SD) rats were divided into three groups: Control group, receiving regular diet and
tap water, HF group, and HF + PMR group both receiving supplemented with 65% fructose (n=10), respectively,
The HF + PMR group initially received HF diet with PMR (100 mg/kg/day) for 8 weeks.

Results : PMR significantly prevented the metabolic disturbances such as hyperlipidemia, hypertension and
impaired glucose tolerance., Chronic treatment with PMR significantly decreased body weight, fat weight and
adipocyte size, suggesting a role of anti—obesity effect. PMR led to improve the hyperlipidemia through the
increase in HDL cholesterol level as well as the decrease in triglyceride and LDL cholesterol level, In addition,
PMR suppressed adhesion molecules and endothelin—1 (ET—1) expression in aorta resulting in the decrease of
hypertension, In muscle tissue, PMR significantly recovered the HF—induced insulin resistance through increase
of insulin receptor substrate—1 (IRS—1), p—AMPKal/2, and p—Akt expression, PMR improved HF—induced
metabolic disorders and its action was caused by energy metabolism—mediated insulin signaling activation,
Conclusions : These results demonstrate that PMR may be a beneficial therapeutic for metabolic syndrome
through the improvement of hyperlipidemia, obesity, insulin resistance and hypertension,
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Table, 1. Effect of an PMR on body weight and epididymal fat pads.

Groups Control HF HF + PMR
Initial BW (g) 2454+ 21 246.7 + 3.7 2469+ 2.9
Terminal BW (g) 4348+ 44 459.4 £ 107" 422.5£ 847
Gain BW (g) 189.4 £ 3.7 208.7 £7.2° 1726 £ 747
Epididymal fat pads weight (g) 215+02 41057 27+03°

Values were expressed as mean + S.E. (n=10). p<0.05 vs. Cont.; "p
<0.05, #p<0.01 vs. HF.

Abbreviations: HF, high fructose . HF+PMR high fructose diet with
ethanol extract of Polygoni Multiflori Radix BW, body weight,
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T f94 A Fadhe 2AE HAthTable 2). F4AH
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dukao] 3k FoAd e Ws Holx dgkort Hikpre
o] ZoME #94 e SVtERE B9t (p<0.05).

Table. 2. Effect of treatment PMR on plasma lipids.

Groups Control HF HF+ PMR
T-Cho (mg/dl) 70.29 + 3.8 109.52 + 7.6 7219 3.7
TG (mg/dl) 8120 £ 7.5 291.40 £ 4837 13417x221"
HDL-c (mg/dl) 14251 1.0 14.40 £ 1.0 200 +1.3"
LDL-c (mg/dl) 27.76 £ 2.1 4698 £ 357 2429 £ 1.9%

Values were expressed as mean *+ S.E. (n=10). "»<0.01 vs. Cont.: "p

<0.05 vs. HF, #p<0.01,

Abbreviations: HF, high fructose ; HF+PMR high fructose diet with
ethanol extract of Polygoni Multiflori Radix T—Cho, total cholesterol ;
TG, triglyceride ; HDL—c, high—density lipoprotein cholesterol ; LDL—c,
low—density lipoprotein cholesterol,
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Fig. 1. Effect of an PMR on systolic blood pressure (SBP) in
fructose—diet rats.

Values were expressed as mean £ SE (n=10). p{0.01 vs,
Cont.; #p{0.01 vs. HF.
Abbreviations: Cont., control ; HF, high fructose ; HF + PMR high

fructose diet with ethanol extract of Polygoni Multiflori Radix.
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stk 208 1A% 1 ATe 2HY Aw, wwg Aol
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Table. 3. Effect of treatment PMR on oral glucose tolerance test.

Groups Control HF HF+ PMR
0 min (mg/dl) 98.5+ 4.6 100.2 + 3.7 104.5 + 1.7
30 min(mg/dl) 1398 + 5.7 1704 £ 39~ 1588 + 68"
60 min (mg/dl) 127.0 + 2.7 141.4 + 397 1374 + 4.1
90 min(mg/dl) 1032 + 4.1 1224+55° 106.0 +2.9°
120 min(mg/dl) §94+22 1073 +23° 102.6 + 4.9
Values were expressed as mean + S.E. (n=10). p<0.05, ~p<0.01 vs.

Cont.; “p<0.05 vs, HF.
Abbreviations: HF, high fructose ; HF+PMR high fructose diet with
ethanol extract of Polygoni Multiflori Radix,

5. 8¢ €% " 9 FU5E YA A
st
857 M Aols Bt HuoA sl Tl ot @

T 9% upA<l adhesion molecules (VCAM—1, ICAM—1 and
E—selectin) @] dH3}E E0I5E7] €5} immunohistochemistry
¢} wetern blotting < Zt2Z AASHETH 1 Ay, nabg
o] AAZE #2 duklolE AR o Hls| FREH
adhesion molecules ¢ T&o| A3 FIFeFA|T, st
o FoR2 sty F7HEIE Hdo] Attt AE I
4 AUScH(Fig. 2-3).

EZ oS glo] Saxd AR F9 3hURl endothelin
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Foj2 Qlte] wdo] A AL EIT 4= S)rH(Fig. 3).
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Cont. HF
Fig. 2. Effects of PMR on VCAM—1, ICAM—1 and E-selectin
immunoreactivity in thoracic aortic tissues of HF diet rats. Representative
Immunohistochemistry and each quantifications are ghown (magnification
x400). Values were expressed as mean = SE.  0{0.01 vs. Cont.;
#5(0.01 vs. HF.
Abbreviations: Cont., control ; HF, high fructose ; HF +PMR high
fructose diet with ethanol extract of Polygoni Multiflori Radix.
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VCAM-1 —»
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Fig. 3. Effects of PMR on the expression of ET—1 and adhesion
molecules in thoracic aortic tissues of HF diet rats. Representative
each quentifications are shown, Each electrophoretogram is representative
of the results from three individual expenmerﬁs Values were expressed
as mean = SE. ,o<001 vs. Cont.; #p(0.01 vs. HF,
Abbreviations: Cont., control ; HF, high fructose ; HF +PMR high
fructose diet with ethanol extract of Polygoni Multiflori Radix.
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Fig. 4. Effects of PMR on the expression of IRS—1, p—AMPK, AMPK,
p—Akt and Akt in the skeletal muscle of HF diet rats. Representative
each quentifications are shown, Each electrophoretogram is representative
of the results from three |nd|V|duaI expenments Values were
expressed as mean + SE. ,o<001 vs. Cont.; #p(0.01 vs. HF.
Abbreviations: Cont., control ; HF, high fructose ; HF +PMR high
fructose diet with ethanol extract of Polygoni Multiflori Radix.
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Fig. 5. Representative microscopic photographs of H&E stained
section of the epididymal fat pads in HF diet rats. Lower panel
indicated size of adipose cells (magnification x400). Scale
bar=50um. Values were expressed as mean = SE. (n=5). p(
0.01 vs. Cont.; “p{0.05 vs. HF.

Abbreviations: Cont., control ; HF, high fructose ; HF+PMR high
fructose diet with ethanol extract of Polygoni Multiflori Radix.
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MAEz W gzl A F7H7IE 424 AMPK Al1d
< gt AgAkS S804 Alojst 2FEste A 28 o
=HE X2 9 g A B AR dEA o
W APIAE A& $84 718 (RS-1) T Akt

2 kg Aol g3 HaEPo, Ao Fod
YA F7HES Btk EF 1ty Aojitd gubio] #
T BEFPS ] AMPK €49 A&l AMPK Q4B 79
sHAl #astart, aEu, AieeE A FollAe
AMPK QS fEshs 2oz Hojfo

3 Qled S22 Y ojAEA PISK o s =
A NZE W ASHIAAE 53t nitric oxide NO)E
Ao 2 duEky ants eI, mitogen—activated
protein kinase (MAPK)E AS3sl= AZ Y ASHLAA
£ B3l A @3 =5 EZ endothelin-1 (ET-1) &
AAgste] FopEes Uehdo ) A ArgeAs
o] & 7HA] AZAGAA} FAsHA 4FES olFL YA
et ASAGAAY FAE Qg W5 Fofl, 1Qledd
Z 9 el AP 59 FHLE Qs ET-19 4dES
Z7HA DY §Eab "obY. B Agoas naig
Alojof o3t ET-19] @ ¥ olo] wE @Yo FEEHSI
o, FtreE FoFd wet FUMEYY ET-13 94
FaAZle 205 Bt I18BEE Fieeof o3t
3 a¥te] A= ded ASAGHZE AN A ded
AFYE WAk Bael d¥go] & AR KA

A gapt 1Ed, 1Eed@S 18 aXFEEF
59 o3& HHsHA o]FARA| YA =W HwI} HEo] At
3] 2EHH AV UK HEH, o)A g5 AtlEARI
¢l PAI-1 (plasminogen activator inhibitor—1), MCP—1

4

L ol
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(monocyte chemoattractant protein—1), IL-6 & =7}
AlZ]a, di] 282 3dl= adiponectin EHIE ZAA|A
atherosclerosis®] Brglolo] Hri?” ZApAslo] 27] wA
oA UTA|Zo= ICAM—1, VCAM—-1, E-selectin I}
22 Ax FFEAY Edo] FUeH Hed, oA 9
T 9 WEE Fo] EFHEARE ARE T Hel, €%
Ao EFIQIS] Huje} 3 FREFS TS YA dF
W30 A&o 2 Q3 AE AEY A7t FTIsHHA 4RIt
YrjetA = F2 AlZEo] HFL Ud AZHo| wiEEHA
BEZ A|Z ZA)7} tEo] fibrous cap FAIL A
A3M (atherosclerotic plaque)s @AEHA F*® =
Ao FEAEW Y adhesion molecules?] HHLS &
ol 7] $]3] western blot¥} Immunohistochemistry2 #l
Pt A, g Ao|2 lsty FUENE Hdoe] Hel4
L2 FEEY RAR st TS & = AT oo
2 =8 YA BN 559 44 HHS Y
ERR] SIAITE, Ftres G HARIAY] HEAZ A
A FFES AN EN 27GA Y IJ-S443 5AE U
Bty BojXich v diAREETe] Bie ARl
AA7IA] HEA QA @] g FdRT HudES
i g2 Ao| 2 A9 Aol Bk, E3F
FAo1E AA 3 & Al E Tt Ao] ofyr] wiEe
AgaqitHok= dEQl FHo| ettt Hojw, JgBE
SEATE FANRTS ZFot Foteeo] gt AT
T ARA"FO| gt A7 T8 AORE AR,

g A7t DPelz fEY GASEE SERYA
Moo olehe FHBY FoR Al delel BaShA

2. Ao RoZ2 FEYLHE, T4 9 LDL A
e FHLHE FFe AaA|a IUE FY 4
£ e ST

3. Ak B 3 Wy ICAM-1, VCAM-1,
E—selectin®} 22 @¥faRAtel ET-19] Eds o
AAA BH7|eFAE AdANHCEN F-08d &

ot 27] F-F47% BHE HAFIH.

4. 3o Rolge d&d AsHY At Am) of
Ux AEAY AAS B AA A4W AL A
HAA Y-ieo] HIE HolFgtt,

opgel ABE FU ¥ o, AEFE Bl Hoks:
© T AYATY /|G FLAA FouR EHE B
AFglonl, FULEE A PY AT EF AW



auyfao] HERH M Al Fojof ofFt AT AHAdaxt 17

AuA W G SEAAe] WES BaAA BYYSELE
BojZgnh Ase FolTe oux giE WA & 9
&9 NSAYHRE BSAIA AW APHE AR
24 1AEF, WAL, WE, Fed BEF ohlet FueiR
el i RA9 oy 2 ARelE 83 AHgE > 9l
2 Qo= AmEE v,

e 2

£ dAv= Wgt A7HA2013)e] 3 S+
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