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Water extracts of Eucommia ulmoides improve lipid, glucose, and
antioxidant metabolism in ovariectomized rats

Sang Chul Lee, Soo Im Chung', and Mi Young Kang"*

Collage of Agriculture and Life Sciences, Kyungpook National University,
'Department of Food Science and Nutrition, Kyungpook National University

Abstract In postmenopausal women, estrogen deficiency can be associated with metabolic diseases, such as obesity,
diabetes, and cardiovascular diseases. The purpose of this study was to investigate factors related to lipid, glucose and
antioxidnat metabolism. Sprague-Dawley female rats were subjected to either bilateral ovariectomy or sham operation and
randomly divided into 3 dietary groups, (#=8) sham-operated fed with normal diet (SHAM), ovariectomized fed with normal
diet (OVX), and ovariectomized fed with normal diet supplemented with Eucommia ulmoides extract (OVX-EU). The OVX-
EU group showed significantly lower body weight, triacylglycerol, and total cholesterol than that showed by the OVX group.
In addition, the OVX-EU group showed improved lipogenesis, glucose-regulating enzyme activities, adipokine and antioxidant
enzyme activities. These findings demonstrate that extracts from E. ulmoides extract can be used as a functional food.
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In vitro &Htst &M 2

T FEEY ks d4EHe w40k @ E29E 10my
mL ¢ X2 dimethylsulfoxide (DMSO)oll o] EA o] A}g-3}
L, 4 (ABTS, [2,2'-azinobis-(3-ethylbenzothiazoline-6-sul-
fonic acid)] 7> Choi 5(23)2] WS # sidch oz &
Aee 2.2-diphenyl-2-picrylhydrazyl (DPPH)E-2S ©]83}o o}
& Aol ofel AEHoer Ase A7, Ace DPPH 73
7R FEE S oI SEATH24).

EDA (%)=(1-(As—Ac)/control)x100

18] (reducing  power) Oyaizu25)WHol w2l 700 nmol A

=433

Eo] 2lo] 4FA7F HA7 B =8} o]Fe] thab Al
3TE EIs] HAdl F)eds=4H(Seoul, Korea)oll
240-250 g9 Sprague-Dawley 93 24718] & U3t 1
1SA1Z &, AAES Fsh] S8l dAaEA FEs Y

SN, HGAaEA ZTES sham-operations 33T F&
T 1547 31E717be] At F JF¥H(randomized complete
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th APEES AN 76 2olE
Z[Eo g 3lo v WdAEA tiFRF(SHAM), FA2EA g2
(OVX) 283 d&agA 94 5 F A #(OVX-EU, 100
mg/kg/day)o. 2 7t gulE|d 3o

ol Al o7 rhEo] F 877 FHEINH, T= AR
e F2(25+2°C) E FH(50+5%) 2AS FAEIAN, 29
(light and dark cycley> 6:00914] 18:007FA] LA A Z2H3IH L
], 7709 stainless cageStollA AREIATE 8% AEFES 12
A7 A2A1Z1 F Zoletil (Virbac, Carros, France; 25 mg/kg, £-7¢
Ro) s, Wel @ A=A A, A AANA
th gale AP RSk Askel 600xglH 1087 24
A5, 7, A 2P AlgERAe 49 EelE 918 Hulcher
S6)°] WS dF Tt A&l &, d¥sE] T
ZFFolM FHE hx2H 03gS $FE(0.1M triethanolamine,
02M ethylenediamine tetracetate (EDTA), pH 7.4), 0.002M
dithiothreitol (DTT)2.2 FASAIZ] F 600xg (4°C)llA 15%7F
LA, 9,500xg (4°C)llA 2087+ AJLAEE] BT o] &
L2 Y= MEZEZ £Yor d4F8ds VL AT
g & JHES AAEAA CPT (Camitine palmitoyl trans-
ferase) 2= 7ol ARSI, oluf Lol e Alxd
EE89o2 GK (glucose kinase,), PEPCK (phosphoenolpyruvate
carboxy kinase), SOD (superoxide dismutase) GR (glutathione
reductase) /% FAol AREHUTH mlo|ARF 8 45
o] Axd F83 Eod IHMER 4898 A7l 50,000xg
@CyelX g A7 F¢E oAl AARYS § JHES ImL ¢
8N =] FAS (fatty acid synthase), ME (malic enzyme),
PON (paraoxonase) 4% F4o ARGt om, AW B 214
22 gAY 7 A &2 AR e APt &
sEdEe 4 =AY aE9d3)olA G vlwd
of Wt TEAES JYsIATHEAMSE KNU 2014-0113).

T FEE AFA g% A4e f=3 8 HAY A, F
Z#2HE, HDL Z92HE2 5748 7]E(Asan Pharmaceutical,
Seoul, Korea), LDL Z#|2H|E2 Friedewald 5(26)2] WHE 5

g A=ENen FIHsEE B AN 38 JE
(Bioassay systems, Hayward, CA, USA)E AME-sle] A 3ldTt
ZHAIE 24538 YEE glutamic oxaloacetic transaminase
(GOT) % glutamic pyruvic transaminase (GPT) <=2 Z4& 7|
E(Asan Pharmaceutical)g &3l A3ttt T3, sHAS A+
(Atherogenic Index, AN} & ¥ 2EHE Fxo| st HDL-Z4
ZHE9 H|&L FZY2EEF HDL SH2HE 55 o=

AEsksiTh

RECA BHE B

Fatty acid synthase (FAS) E4d%= %42 10mM EDTA, 10
mM [B-mercaptoethanol, 33 uM acetyl-CoA, 100 uM malonyl-
CoA, 100 uM NADPH7} H=F AlZ2g & 100 pLe] A=xd &
5 Hof 287k 30°ColN WA The FBE AT 33
3F2. ™ (27), Malic enzyme (ME)YZ2AE 42 04 M triethano-
lamine, 30 mM malic acid, 0.12M MgCLE &3 3 &Ho) 34
mM NADP* 200 uL2} cytosole F7}sle] 1% &<t NADPHE
BANA A= FFE WEHE 340nmellM A SEITH2S),
Carnitine palmitoyl-CoA transferase (CPT) &A=& 116 mM
Tris-HCI (pH 8.0), 1.1 mM EDTA, 2.5mM L-carnitine, 0.5 mM
DTNB, 75mM palmitoyl-CoA, 0.2% Triton X-100 ¥-3-<#o] m]
EZ=gol 3] 50uLE ¥l S4srh9).

SECAL BNE o BE AOIETHI SE 24

Glucokinase (GK) 4T+ 83.33mM Hepes-NaOHo| 1M
KCl 100 uL, 2.5mM DTE (Dithioerythritol) 100 uL, 10 mg/ml
BSA 50 pL, 50mM NAD' 10uL, 1M glucose 10 pLol|l |2
B3s Hriste] =431 2M(30), phosphoenolpyruvate carbox-
ykinase (PEPCK) Z4%=% Bentle and Lardy(31)9] ol =3}
o] 243Utk 76.92mM Hepes-NaOH 650 uLol 10mM DTT
100 pl, 25mM NADH 10 pLE 3 7}3}3L L-malate dehydroge-
nase, IDP (inosine-5'-diphosphate), PEP (phosphoenolpyruvate)S
72 unit, 1, 2mMe] F=7F HEE 2t HUie o AlEE &
8 10uLE WAL 25°CoIA 287 ¥EAIZL F, 340 nmoll A 9] &
= HslE 2431 JepIT @3 leptin, TNF-a, adiponectin
FX== 27 leptin ELISA Kit (Cayman, Ann Arbor, MI, USA),
TNF alpha RAT ELISA Kit (Abcam, Cambridge, MA, USA),
Rat High Molecular weight Adiponectin ELISA Kit (Shibayagi,
Shibukawa, Gunma, Japan)E Al&-3ted 2731900

EMMSICHAL B E £

Superoxide dismutase (SOD) ¥/ =+% superoxide dismutase
assay kit (Cayman), catalase (CAT) &J%Ei= 50mM potassium
phosphate buffer (KH,PO,:K,HPO,=1:1.55, pH 7.4)° PEZ=g]
of ®¥3& Wi 25°CAlA 5EZF ¥k A7l ¥ 340mM H,0,%&
Ng st 25°CAlA 58X F7EE WREAIA 240 nmell A €]
4= WH3E 2343199 tk32). Glutathione reductase (GR) B =
= ImM EDTA, ImM GSSG NADPH 0.1 mME ¥3tsl=
potassium phosphate buffer (pH 7.4)°] AEEL 78k & 25°C
oA 28 7F TFE ZHATS 340 nmolA E243KITH33). Paraox-
onase (PON) EA =+ Mackness 5(34)9] WHS 4 2 HeH

sfel Zgstact.

SHXzZ|
2 A3 Aol g FAEA2 SPSS (Ver. 22, Chicago, IL,
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Table 1. Free radical scavenging activities of water extracts from
Eucommia ulmoides

Antioxidant activity
ABTS radical scavenging activity ~ Eucommia
(mg AAeq/100 g extract) ulmoides 32.63+1.24
. . .. BHA 89.26+2.21°D

DPPH radical scavenging activity E .
(%) u”;f;ga’,’;’s” 62.36+1.98"
. BHA 0.51+0.01*

Reducing power E .
(O.D. at 700 nm) u‘;;fgfa’,’:s" 0.79+0.01°

YValues are means+SE (#=3). Means in the column row not sharing
a common superscript are significantly different at p<0.05.

%JII- I|§ _'-=|: l:lqgl.
%%%04011 wE dAAA AF e @ AR e 3
FS Table 391 YERNATE A E L SHAMZOI A 299i0 09
mmol/L~ ekl vt OVX ZolME 4344027 mmol/LE £+
sl F7kete] H7 o] 2R ] AR Qg vk
FEEHISE 2 39y, 75 F2ES AFT OVX-EUZS
3244+0.08 mmol/LZ FAR ] o] A4t 7S &
ot Y 2HE g% OVX-EUT°] 8.87+0.09 mmol/LS!
W OOVXTS 9.65£039 mmol/LE F59| BE FowtolA e
A7 Yoz oy Hvk} P f A skl
LDL E#| =Bl E2 Friedewald 5(24)2] el we} AHEsigle=
4], OVX-EU°] 3.14£0.03 mmol/LZ OVX(4.31+0.14 mmol/L)
E\:]‘ ok 20% 71—/\}491011] %a;{]ﬁl—/\} od}\] OVX- EU:rLoﬂ/q ok
33% A Aoz Jeiylth H7o)F estradiol-17p] F= W
7t SEHsEE, 442 LDL SHSHES S/ B
olUzl HDL ZHXEE FAS AaAA 3 &2 do|e

—1> r.i": 30,

Table 2. Body weight and food efficiency ratio in ovariecto-
mized rats fed supplemented with Eucommia ulmoides extracts

SHAM? oVX OVX-EU

Initial B?g)y Welght 47 584204 246.6043.95¢  247.66+3.42°
F ‘“alB‘ngelght 284.6943.01° 345214425  305.6343.53"
Weight gain (8) ~ 36.82£1.05" 98324225  57.5842.02°
Feed intake (¢/day)  15.06:0.79°  23.01£0.54°  18.7940.77"
FER? 0.04£0.00°  0.08£0.00°  0.05:0.00"

USHAM: Sham operated rats fed with normal control diet, OVX:
Ovariectomized rats fed with normal control diet, OVX-EU: OVX
+Eucommia ulmoides

IFER: Food efficiency ratio=body weight gain/feed intake

»Values are means+SE (#=8). Means in the same row not sharing a
common superscript are significantly different at p<0.05.

Table 3. Plasma lipid profile levels in ovariectomized rats fed
supplemented with Eucommia ulmoides extracts

SHAM" ovX OVX-EU

Triacylglycerol =5 99,000 4344027 3.24+0.08"
(mmol/L)

Total Cholesterol ¢ 1,36 9651030 8.87:0.09°
(mmol/L)

HDL-C (mmollL) ~ 428+025°  3.3420.09"  4.230.12"

LDL-C (mmollL)  2.44+£0.07°  43120.14°  3.14+0.03"

Free fatty Acid 268+0.09°  4.01£0.11"  2.710.14°
(mmol/L)

GOT (karman/mL) 3821£0.99°  48.25+0.94°  40.26+1.53"

GPT (karman/mL) 29.98+127°  42.35+0.64°  30.49+1.03"

Al 0.89£0.07  1.89+0.14°  1.09+0.03°

HTR 0.59+0.07° 0.35+0.14° 0.49+0.03°

USHAM: Sham operated rats fed with normal control diet, OVX:
Ovariectomized rats fed with normal control diet, OVX-EU: OVX
+Eucommia ulmoides

TG: Triacylglycerol, TC: Total cholesterol, HDL-C: High density
lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol,
Al, atherogenic index: (TC-HDL-C)/HDL-C HTR: HDL-C/TC, GOT:
glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase
JValues are means+SE (#=8). Means in the same row not sharing a
common superscript are significantly different at p<0.05.
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Table 4. Lipid-regulating enzyme activities in ovariectomized
rats fed supplemented with Eucommia ulmoides extracts

SHAM" (0)%:¢ OVX-EU

Hepatic enzyme acitivity (nmol/min/mg protein)

FAS? 1.53+0.11% 6.85+0.24° 3.52+0.55"

ME 17.24+0.95 34.58+1.64° 29.16+1.22°

CPT 21.22+£1.27° 24.53+1.14° 23.18+1.15°
Adipocyte enzyme acitivity (mol/min/mg protein)

FAS 20.54+1.25* 36.87+2.42° 32.18+1.88°

ME 200.14+£5.62°  232.51+6.75°  204.25+8.27°

CPT 2.5240.22¢ 0.99+0.01* 1.56£0.09°

DSHAM: Sham operated rats fed with normal control diet, OVX:
Ovariectomized rats fed with normal control diet, OVX-EU: OVX
+Eucommia ulmoides

JFAS: fatty acid synthase, ME: malic enzyme, CPT: carnitine palmitoyl
transferase

IValues are means+SE (#=8). Means in the same row not sharing a
common superscript are significantly different at p<0.05.
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Table 5. Glucose-regulating enzyme activities and plasma

adipokine concentrations in ovariectomized rats fed
supplemented with Eucommia ulmoides extracts
SHAMY (0)%:¢ OVX-EU
Hepatic enzyme activity (nmol/min/mg protein)
GK? 1.15£0.15"  0.23+0.04° 0.19+0.01°
PEPCK 2.89+0.19° 5.91+0.14° 5.54+0.35"
Plasma concentration (ng/ml)
Leptin 144.22+8.17*°  165.02+6.25°  150.21£5.65°
TNF-a 3.29+0.13* 5.75+0.22° 3.49+0.14*
Adiponectin 17.26+1.65° 11.06+0.89° 13.12+1.01°

DSHAM: Sham operated rats fed with normal control diet, OVX:
Ovariectomized rats fed with normal control diet, OVX-EU: OVX
+Eucommia ulmoides.

AGK: glucokinase, PEPCK: phosphoenolpyruvate carboxykinase.
9Values are means=SE (n=8). Means in the same row not sharing a
common superscript are significantly different at p<0.05.

Table 6. Antioxidant enzyme activity in ovariectomized rats fed
supplemented with Eucommia ulmoides extracts

SHAM" (0)%5:¢ OVX-CS

Hepatic enzyme activity (nmol/min/mg protein)

SOD? 0.77+0.06™ 0.69+0.03" 0.64+0.02°

CAT 0.79+0.05° 0.52+0.03* 0.57+0.02°

GR 12.36+0.15° 9.154+0.09* 11.54+0.10°

PON 1.01£0.09° 0.42+0.04° 0.75+0.05°
Nephritic enzyme activity (nmol/min/mg protein)

SOD 1.03+0.05° 0.61+0.05" 0.830.04°

CAT 0.5140.04° 0.23+0.01* 0.36+0.03°

GR 0.52+0.03" 0.24+0.01* 0.45+0.02°

USHAM: Sham operated rats fed with normal control diet, OVX:
Ovariectomized rats fed with normal control diet, OVX-EU: OVX
+Eucommia ulmoides.

PSOD: superoxide dismutase, CAT: catalase, GR: glutathione
reductase, PON: paraoxonase.

»Values are means* SE (n=8). Means in the same row not sharing a
common superscript are significantly different at p<0.05.
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o] o, HA o|lF F &4 ‘%}X]OHE =S E 7 AUTh42).
H7o] fF=H 3 FHY Fd TEE OVXEo] 8oz e
A3E B, Chu 542y AZEgit]&o] Az
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oz gudth $3 289 Ay 229 og=els Wy
A 9] aucubin, catalpol, 22|32 geniposide= COX-2, NF-xB L]
3 TNF-o 848 At A4 dd=d@3), 2 49
A¥ TNF-o= OVXe] fol3es =3%om, OVX-EUwe] A

AW B B
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