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The inhibitory effects of Eucommia ulmoides leaf extract on decreased vascular function

Atherosclerosis, one of the major causes of cardiovascular disease, significantly contributes to the rising
cost of healthcare. In atherosclerosis, dysfunction of the vascular endothelium occurs at an early stage,
resulting in the production of nitric oxide (NO) that is known to have both vasodilatory and anti-
atherosclerotic effects. Lifestyle-related conditions such as hypertension, diabetes mellitus, and
dyslipidemia caused by smoking, lack of exercise, and excessive salt intake, are risk factors for vascular
endothelial dysfunction. Therefore, inhibiting vascular endothelial dysfunction may be an effective measure
to prevent atherosclerosis.

Obesity is a lifestyle-related condition that leads to the development of metabolic syndromes, which are
major risk factors for cardiovascular disease. One cause of obesity-induced atherosclerosis is the abnormal
secretion of adipocytokines from the fat cells. Adiponectin is a type of adipocytokine that is anti-
atherosclerotic, improves insulin resistance and type 2 diabetes mellitus, and reduces the risk for
cardiovascular disease. Hypoadiponectinemia is a condition in which adiponectin levels decrease due to an
accumulation of visceral fat. It is a risk factor for type 2 diabetes mellitus and coronary heart disease.
Therefore, reversing obesity before the onset of lifestyle-related diseases—caused by decreased adiponectin
secretion—would reduce the risk for atherosclerosis.

Eucommia ulmoides Oliv., classified as Eucommiales Eucommiaceae, is a deciduous tree that can grow
up to 20 m in height. The bark of the Eucommia tree has been listed in the Chinese pharmaceutical book
“Shennong Ben Cao Jing,” from around 300 AD, and is classified as an “upper herb” that can be taken long
term with no side effects. The Chinese pharmaceutical book “Compendium of Materia Medica,” published
in the late 16™ century, also mentions its effect and usage, and that it was used for lowering blood pressure,
as a diuretic, for tonicity, and for its analgesic effects. In addition, Western Chinese folklore states that
Eucommia leaves (ELs) were used for preparing tea and porridge by minorities such as the Qiang people.
In the 1970s in Japan, Eucommia tea, termed Tochu-cha in Japanese, was developed from roasted ELs and
is categorized as a healthy tea. The blood pressure-lowering, diuretic, anti-stress, improved insulin
resistance, anti-hyperlipemia, and anti-obesity-promoting properties of the EL extract (ELE) have been
previously reported. The ability of EL to lower blood pressure was demonstrated using a general
pharmacological test in which an aqueous fraction of ELE was intravenously injected into rats. Its ability
to reduce obesity was demonstrated in rats treated with ELE. ELE improved abnormalities in adipocytokine
secretion and increased blood adiponectin in rats with metabolic syndrome induced by a high-fat diet (HFD).
The ability of EL to lower blood pressure was also studied in humans. Subsequently, the labeling of ELE
blended food that is targeted “for high blood pressure” as a FOSHU (food for specified health use) was
authorized.

ELE may improve blood pressure control functions inherent in blood vessels by increasing the relaxation

of vascular smooth muscles, inhibiting vascular endothelial dysfunction, and reducing the risk for



atherosclerosis, all of which are risk factors for cardiovascular disease. Moreover, ELE may also reduce the
risk of atherosclerosis by increasing blood adiponectin levels in obese individuals before the onset of
lifestyle-related diseases. In this study, we gathered data from human intake and the efficacy of EL, and
hypothesized that ELE decreases vascular dysfunction and reduces the risk for atherosclerosis. We
conducted the following studies in order to test and propose a new application of EL.

In Chapter 1, spontaneously hypertensive rats (SHRs), with decreased vascular endothelial function due
to aging, were continuously administered ELE and vascular function, including vasodilatory response, was
evaluated. The effect on vascular medial thickening, a morphological change normally observed during the
early stages of atherosclerosis, was investigated. We confirmed that continuous administration of ELE
inhibits the decrease in endothelium-dependent vasodilatory function. We observed a response to
acetylcholine in the aorta of SHRs, increased blood NO concentration, and inhibition of vascular medial
thickening.

In Chapter 2, Wistar-Kyoto (WKY) rats with early-stage obesity due to an HFD, were continuously
administered ELE, and the effects on body weight, visceral fat, blood pressure, blood adipocytokine
concentration, and vascular medial thickening, were investigated. As a result, continuous administration of
ELE decreased the body weight, amount of visceral fat, blood pressure, and vascular medial thickening;
and increased the blood adiponectin concentration and adiponectin-to-leptin ratio in WKY rats.

In Chapter 3, to determine the mechanism in which ELE decreased vascular function, geniposidic acid
(GEA), which is the main component of ELE known to lower blood pressure levels, was orally administered
to SHRs. We used a glucagon-like peptide-1 receptor (GLP-1R) agonist, to investigate the effect of GEA

on the secretion of atrial natriuretic peptide (ANP). Oral administration of GEA caused systolic blood

pressure to decrease dose-dependently, and GEA (100 mg/kg) significantly o o
lowered blood pressure levels in SHRs. In addition, 6 hours after the 'f Q
administration, a time point in which blood pressure levels significantly o
decreased, blood ANP concentrations also increased in SHRs. We found no  +o H !}\ 1 o
significant difference in the blood concentration of GLP-1, known to promote O
ANP secretion, between the control and GEA treated groups. Therefore, our ) o

data suggests that GEA, not GLP-1, acted as a GLP-1R agonist on atrial cells Gem‘posid:z scid
to increase ANP secretion.

In this study, we found that oral administration of GEA, an ingredient found in natural food, acted as a
GLP-1R agonist and increased ANP secretion. ANP has various physiological properties such as
vasodilation, diuretic properties, improvement of vascular endothelial function, inhibition of vascular
smooth muscle growth, and the promotion of adiponectin secretion. Therefore, we hypothesize that ELE
inhibits vascular dysfunction by increasing ANP secretion, and, therefore, may reduce the development of
vascular medial thickening, and the risk for developing atherosclerosis. From these findings, we propose

the use of ELs with abundant GEA to maintain vascular health.
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Fig. 1. Eucommia ulmoides Oliv.
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(7) L NO ¥ ol &

BHMMETH, =— T AVHEET Ty hEREL, TEMAHKR? D
PRI U7, Mg % 10%EDTA-2K I8 23 N » 72L& (4 1 mL (2% L 10
~17.5puL) B L, =LO58E (3,000rpm, 547M) 247\, miEE57~. i
RIIBAERICB LEZ =%, B E T-80°CLL F CHAF L. JIE H /I 7
WL 7o S A w4y BfE (7,000g, 4°C, 20 4R 24TV, BiEAMmEYS
L& U TCHIEE T-80CLLF T fRfr L7, L NO ¥ B X, Nitrate/Nitrite

Colorimetric Assay Kit (Cayman Chemical Co.) % W\ CHIE L 7=.

(8) IMLE BT 7 F v O AL F Yo & b AR R o FF 1ff
0.85%E k7 F U v AEA 0.001M U » ERAEME K CTUEHE L 7= 10 mm O s

RKEVRAEA 2 20% P PEFEE A L~ Y VIR CHEER, X7 7 4 VA aqT



W, 2-3mmOEEEI I LT LT — NZEELE. XTI R %
N7 7 0Ltk ARV X —BZHILT 572D = F
YW (A X/ —v 112.5mL, 30% e bk FEK 1.5 mL, #iK 36 mL &
BRA) TALBEL L, =|IE T 30 oML S, —RIKEBER (o-SMA <~ 7
AE 7 a—F bk %E 1,000 54 R) T s S S 7%, JIRPUIRE IR
(W BiIR%E 500 A R) CT—Bah S 7. 2Dk, 33V 7 I/ R_RUTFY
VIR THEROAIE, vV N Ay I EHWTE ALK TOUREBS L. ~
v bR VU CERE A TEEAET o B R IRITEMEBE T E A R L
B v 7k (AxioVision LE : Carl Zeiss) THEDE & & FHI L 72.

(9) #tata B

BETCOT —Z T FHE£ERERZE (SE) TR L. AEEMREI
Dunnett’s test |2 X W 1To70. A EZEKEIL, BRE S%AN (p<0.05) & A
BEEb L L.

EIH MR
(1) F=E, BiiE, BAKkELLIOMLE

ELE &5 7 @FIC BT 54 HE, Hil&, #/KER L SBP D4 (k4% Table
LICRT. §XToMHOKE, B, BKEIZENT, AEREITR
Nnoiz. SBP X, #EGBIAFEND O SBP M4 k&% ASBP & L TR L

CERIEMAR IO T #HE%, SHR = b — LEE O ASBP 1%, WKY

LB L CHBEICE M2 (Fig. 2) . 7=, BRIBEMZS IO 7 HHE
% @ SHR-ELE #® ASBP (¥, SHR =¥ b e — LR L L CAHEICIK LS,
ELE DERIZ XY SHR OIME EARIHlENTWD Z &R I,
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Table 1. Body weight, food and water intake, and the change in systolic blood pressure (SBP) during the seven-week study

Body weight () Food intake Water intake ASBP (mmHg)
Day -1 Week 7 Gain (g/day) (mL/day) Week 3 Week 7
WKY 125.7+2.2 347.5+1.9 221.9+3.5 18.4+0.5 29.9+0.8 3.6+1.8" 16.4+4.7"
SHR-control 136.1+1.2 331.6+7.7 195.5+6.8 19.8+0.4 33.2+1.1 35.6+0.7 72.9+2.4
SHR-ELE 136.7 0.4 321.5+3.8 184.8 3.7 19.2+0.8 35.6+1.4 17.8+2.5" 67.1+2.37

ASBP is the SBP at the indicated time-point minus the SBP on day-1. All values represent the means + SE. (n=7). **p<0.01, as compared

with the spontaneously hypertensive rat (SHR)-control group by Dunnett’s test. WKY, Wistar Kyoto rat; ELE, Eucommia leaf extract.

(a) (b) ** **

80 - 80 - |

.

= 60 - = 60 -
I I
E *k *%* g
2 | l [ N
o 40 . 40 A
m M
i a

20 - 1 20 - i

0 0

WKY SHR-control SHR-ELE WKY SHR-control SHR-ELE

Fig. 2. Changes in systolic blood pressure (SBP) between the SBP on day-1 and the SBP measured (a) three or (b) seven weeks after

the beginning of the experiment

The values represent the means + SE. (n=7). **p<0.01, as compared with the spontaneously hypertensive rat (SHR)-control group by

Dunnett’s test. WKY, Wister Kyoto rat; ELE, Eucommia leaf extract.
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(2) M %E RPEE DB (v 7 X A3 ER)

178 PN AR A PE O I B YRR RS 2 TR~ D 72, A — 1 /S A NI PE (0.30
uM) Z IR L T T O UM S 72 REIRIC, ME N EAKFRIIC MLE 2 JL5R S
2% ACh (10°-10* M) Z REMICHM L. SREOIMEIERISD 7 a7
7 A V% Fig.3(a,b,¢c) IZ/”x L7z, F7z, KR T7TILOMEILERD EHHEE
7uy b L7-MmMESLEMARZ Fig. 4 () (28 L7=. ACh 2 107-10* M D
FEFRIFHICHBWT, SHR 2> b r— VO ME LR IS IE, WKY # L0 & fF
BEIZIE 2> 72, SHR-ELE B0 MLE L9 31X, ACh 28 107°-10" M O i i 4
PICHBWT, SHRa Y b — AL b EEICE - T-.

F7o, MENEIFKERN O M EIL RS Z D720, NO Z 5 L T
BEIWESESD SNP 24— H U N AR L. &8O M & kiR
KD 7ma 77 A% Fig.3(d, e, f) \&/Rx L7z, £z, && 700 ELE
FONVEEEZ Ty ML MEILRMB R EZ Fig. 4 (b) TR L7=. SNP 2
1019-10° M DR EHFIHIC B W T, BHEMOMEIRERICAREREZITIA OGN
o T

UbEDZ EE, NO I L TIE 2 9598 & & 5 I E ¥ i OB RE 1L,
SHR BE & WKY BETZEMN W &, BLOUAChIZKE L TIMIE % L5k S
LM E N EFERE 1L, WKY BEE i L C, SHREECTHEIETFTLTWS Z &
DR b,
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O OE @ W W 5 B e I @ S W e W A e
Fig. 3. Representative acetylcholine (ACh) and sodium nitroprusside (SNP)
relaxation profiles of thoracic aorta rings from the test animals

(a) ACh-Wister Kyoto rat (WKY) group; (b) ACh-spontaneously hypertensive rat
(SHR)-control group; (¢) ACh-SHR-Eucommia leaf extract (ELE) group; (d) SNP-
WKY group; (e) SNP-SHR-control group; and (f) SNP-SHR-ELE group. ACh and
SNP were added cumulatively at concentrations of 10°°-10* M and 10°1°-10-° M,
respectively, to 0.3 uM Phenylephrine (PE)-contracted thoracic aorta rings. PV,

papaverine.
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Fig. 4. (a) Endothelium-dependent relaxation curve induced by acetylcholine
(ACh) and (b) endothelium-independent relaxation curve induced by sodium

nitroprusside (SNP) in thoracic aortic rings from the indicated treatment

groups

The values represent the means = SE. (n=7). *p<0.05, **p<0.01, as compared with
the spontaneously hypertensive rat (SHR)-control group by Dunnett’s test. WKY,

Wister Kyoto rat; ELE,

-O- WKY
-+ SHR-control
- SHR-ELE

*3k &%

&k

k%

9 8 7 6 5 4
ACh (M)
-O- WKY
4 <O SHR-control
- SHR-ELE

-8 -7
SNP (M)

Eucommia leaf extract.
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(3) ifLH NO &

T ENRZAILD eNOS IC K » THEASIND Z L6, ELEK RO
M NO REAZWET H I & TMENEEREZFEMM L7~ (Fig.5) . M+ NO
BT, WKYRBEEHEBELTCSHR 2 b — UV BECHEBERBMN RSz
(EHNZH, 3.49£0.22 uM, 6.37£0.59 uM) . F£ 7=, SHR-ELE # (11.75%1.95
uM) TIE, SHRaV Fr— AL D LA ERBEINBE D L.

WKY SHR-control SHR-ELE
Fig. 5. Plasma nitric oxide (NO) levels in the indicated treatment groups
The values represent the means £ SE. (n=7). *p<0.05, as compared with the
spontaneously hypertensive rat (SHR)-control group by Dunnett’s test. WKY,

Wister Kyoto rat; ELE, Eucommia leaf extract.

(4) 1% T o R <

ELE OB I ME OIREEMICE 2 2B 2300 L7z, K KE IR
O IME IO E S 2 M8 i SMA O kb7 Y2 X 0 JERE FH
L7-REHR % Fig. 6 8 X O Fig. 7 1287, WKY Bt I BE Tk, 1&g/
Ml (VSMC) mBLAIE L < B LT/ s, SHR =2 > b a — L RE Tk &
BENER L, VSMC 8B KL L TWwW7z (Fig.6) . SHR = > b e — /LB DML
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BHEOIE S (124.7+5.9 pm) (X, WKY B (90.4%3.6 pm) & th#i L CTHE
R RNRBD 5 (p<0.05) . —J7, SHR-ELE #f o 4 5 o & &
(101.941.4 pm) 1%, SHR = b — LB LB L TABICEKETH Y
(p<0.05) , ELE OffkfeEHEIC LV & T IO BIE L MEl S D 2 & AR
S .

-

Fig. 6. Representative histological alpha smooth muscle actin-stained images
of the thoracic aorta of rats in the (a) Wister Kyoto rat (WKY); (b)
spontaneously hypertensive rat (SHR)-control; and (¢) SHR-Eucommia leaf

extract (ELE) groups

#1: arterial wall; #2: arterial media; scale bars = 100 um.
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Fig. 7. Thoracic aorta ring media thickness in the indicated treatment groups
The values represent the means = SE. (n=7). **p<0.01, as compared with the
spontaneously hypertensive rat (SHR)-control group by Dunnett’s test. WKY,

Wister Kyoto rat; ELE, Eucommia leaf extract.

BAH BE

AAFSETIL, 6 B SHR IZ ELE 7 7 BB IS &, mMEKEDKT
25 2 2 FBIZOWTHRF L7Z.SHRIZHE T 5 ELE DR EEHIZ W TIT,
ELE % 3% £721% 5%iREF LB HERSELHRICBWTHERINLTWD
Z b, 1320 KR TIL ELE & 5%IRE§ L, ELE OFFli £ 1T > 7=. SHR
Ay b —/VRETIE, AChIZ X 2 & ILEA, WKY #f & i L T BIZIK
TLTW., —J, SNPIZ X 2 & IEIEIE, &R CTENRL LN o7z,
L EDORERNS, SHR O KBk CIix, NO i 58 Td 5 SNP IZ i L 7= 1f
BILBRIS &2 D M I A OBERE XK T LT\ Wnay, ACh IS L7
& YER G 241 5 MmN OBEITIETL TS Z LR ERS .
SHR O KEIAR CTIE, eNOS DIFMB L OBEE TFHIENKFLTE Y, 3 X
S5 ACh I X2 MEIENBIH L TCWD I EnHESR TS, 3B AHf
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JECThH, SHR ML ENZEEOK TIMHI DR EZFMT 27201 LIcET
N TH D Z L EMERTE 7. SHR-ELE BED ACh (2 X % ifn & JE 58 1%

SHR =2 br— XD b AEICEHETH D72, ELE OffkfeZ B

T EHBIK TG SN D 2 L NREBINT. S 512 SHR-ELE #E o ifi
NO #REIX, SHR = brr— LIV b ARICE N2 206, ELE I
Ko TMENKMIBIZEIT D NO EANHEMT L5 LEAHALNERST.
KRIMWE & LD REMEIRTIX, NO BNFFICEEZ2MEREHR FTHO, K
PLE TiX, NO, PGl 3 L OVEDHF 28, mMEMEOFE ICEHELTWD 2
ERHEIN TS, ¥ X o T, ELE OffEETRIC LV, SHR O &N
FREREN S E L NO FEAMNMM L2 ik v, KmER L OKHLmED
sAREA AL EL, MENMKFLEEBEZLND.

SHR TlX, #FEM NO A akEEFE (INOS) Ol R I ML, % ik
A ML ADOTLHEIZ LD INOS OIEME LA HE ST 5. 38 K% T SHR
v b — LREOM T NO BEEN WKY Lo bEfEchozZ &, 2
NHOHELE—HLTWD., SHR OImE N LML TlZ NAD(P)H 4% v 4
—EREML L, BIEA P L AR RT 52 L TINOS ODREN/FH I,
¥ IBHENODODAALSFATRATEY T 4 MK TFT 5.3 —J5, eNOS M
OMEBTLH =aF > TIRTT=2 VX7 A F KU U (NADPH)
FHR X —BIEEOKTIEL, SHRICE T 2 MENKHREOSE L ML T
BV, %8 eNOS OREHB L OEMEOEINIE, SHR oI H NO #EE % L& &
DI ERMEIN TS, ) ft 5T, SHR-ELE £ Tifi. 1 NO 2 B 23 85 40
L7eZ &, ELE QX - T ENREEILEINTZHERTHDLLEEZXD
% . AFERTIL INOS & eNOS D& fn T I H I L OEME 2 B HIE L T
RWTeH, ZTboEFH LM T NOREDEELAHTHY, SHRLHH
TR METHS.
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ARBFFETIX, ELE OfFFEERIC L Y SHR O & FHEEEN ISl &h b Z
& aRERR L. NO Ty E I 2 T, VSMC @ 25 1 5ifl & Ml - %
EHZAT 5. *OSHR ® VSMC TiZ NADPH %4 &% v ¥ — ¥ D s 1 H N
HIML, NO EABLOY NO ONA AT XA T EY T 4 BIKFLTWS
D, SHR =2 br— AV HETHEFRBEORERRBD N LEEILND,
—7J, SHR-ELE BEClL, MENEKD NO FEEB L O NO ONNAFT XA F
BV T 4 RNWF#EL, VSMC O RN ME S 7z &b IE P EONE
JERIflsnzEEZ LR,

FEMPBEIZ X GEA T A b v K (ASP) & ie A U A NEHEMLR, 7
nu s Ui (CHA) #8587 =/ — )V, TLEF U O0NTF U 2G0T T
RAREIEEINLTWVD., 60O EA E1T, GHA (5.47%) , ASP
(1.75%) , CHA(0.35%) , 7 /L& F > (0.22%) , L F > (0.02%) T - 7-.
18) GEA OFEJEAEAIC W TIX, SHRIZEK T 5 ELE O BE/EM 2 GEA I
R L, ffhEO EEREMEKDIX GEA THhDH Z L, %20 SHRIZE T D
GEA H.[E[{EHGER (140 mg/kg) THM/ER A BICK FLZZ E0nHE ST
W5, 4 7, GEABLIWASP ITHOWTIE, EENARFBRGEMIT®RE
ENTWARWVWR, GEAR~Y T ACBWTAEKNORBEILY AT A2 EHD D
ZENFEINTWHD. P —J, CHA L invitro iR IZ B W THER(LIEME
EAETDHZENHER S, Y SHR IZ 300 mg/kg/day T 8 MR O &5 L 7=
AR T, TEMEMRREE ORI AR 2G5 LI2E D NO O F T X
A7V T xESYE, G EREZME T ERERINLTND. 9
L2 L, ELEIZBIT S CHA O& A &%, BIEEMH %53 300 mg/kg/day £
DL LT, SEO ELE ORIEEMIL CHA ICEKRT 5 6 0
TRV ERHERNESND. £, Z L EFURLF L ITONTh, invitro
MR THBLIEEEZ AT 22 LR INTNDLEN, ¥ ELE KB IT2H

EIXME WD, ELE OFEEMHICITFLE LT 202 ERHAlEN D . L
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oz &b, SHRIZHE T % ELE O IfiJE EF M EH B L O F eI T
MEERIL, GEAICERT 22 EMnBZxbND. £2, GEA ZHlRIES L
T DREEAEM 2 WKY TR ONT, SHR THEZF IR DO ONTZZ &b,
EHZ v T GEA DBIEEHZ RS VW it anTcng. 9
ELE £ IZ ELEZ B D RMICONVT, BHESCHEFFLZIIINETHEIN
Tk HJ, SHR-ELE ## D% 7 v M 23 i+ & I 60.5 mg/kg/day & GEA % 7 i#
FIHER L TWIEARBRICE W TS, BHEOFRITE Ao o7z,

AR TIX, ELE ORI SHR KEIRICH VT, ACh IZ i L=
BLARAFME 0 1L 3 PR R FERE DR F 2 4l L, M NO IRE Z ¥+, m#E
AR R & B35 2 L A CTHER LTz, Ko T, ELE (XM EMAEMK T
i U, M8 ORRMER ISR OWREMERM & L TR TE 2 /fsEtER
RIS T
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E2E EHEVRAMT Y MBI A MET X X DH B IREELER
E1H EHR
TR B O X, SiL)E, HRWH, BERFIE, B o4& iEEE

I3 R0 N s L L R 2 Bh AR E AL oD E R | RIETDHZ &6, § 1 T,
TN P I N R RE MR T L, @ L E 2 5 AE 9 5 SHR 1B W T, ELE @
PEIRELE R 2R Lz, o, WM OFE 2 L 0 oI, &ifE,
PEPRIG, REREE/R ECOEEFEBZFHFERL, LLERBOMAERK 723 E
FBLEREEZRT AR v 7 R —L2D LKL 725 2 &
PRESN TS, 20 BEE, 7T oK"Y A A OB %5 &k
ZL, A AU UVEPIESEIRELLORIERS L OERBICEE L T 5. 464D
TTARYANIA L D1 DODTHLT T 4RI F A%, RIS R
IS5 EAE T, FLBIIRBEALER, > 2 U CHEBUMES 2 BB R W
DWEEH, LMEREMEHZEDOHEREAET L. WNIBEN OEREIC
TTARX I F L OWENMETLERETHDIRT 7 4 KX 7 F o MiE
X, 2HBERFOEBREEDOERRFTHL. P LoT, 77T 4R xRY
F 2 DA T KD AETE B BN & FEE T D AT O B B TR A M E T
52 EE, RO Y X 7RISR 5.

ELE (X, HFD % 3 » AR IEA X R v 7 v Fr—AERIES -
SD 7 v MZHEWT, (K&E, HEIENMEM (WAT) E&, mAEfE, mH1 R
UL, FHERES L L AT e — L EE KT SE, S50 T75F 40 B
A NI A O WBREELESE. 2 LirL, EIEEERZBIET 5HI
DAV BERE DI xt LT, ELERT 7 4 RV A b A A D53k X OER
WAL DFRIEY 27 DEICE R D2EBIIAHATHL. £2T, KBTI
30% (w/iw) 7— R&&H+T5 HFD #5 2, #WIHEMOEMA2 2 L7 WKY
IZB W T, ELE OB A KE, WAT &, MEICH 2 5 B8 L2 -,
S 6, MEBLIUCHRELCORIEICEELZEXDZZERALNLTWDT T
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ARV A ML THDITTAREXIZFUrBIOVTF oMb iEEDE
fb & F~7=. £72, ELE OB IR A B AREEL OFRIEIC G 2 52 LB L i
H7olz, 1w ERERIC, mEFEEELZ A~

2 EBRFIE
(1) EB

(2) fEHHY

W1IESHE2EH 2) L.

(3) EBREw

6D WKY (24 18) # HAZ 2 Ly —mnbIEA L. WMEIE, RE 23
+1.0C, MXRE 50+5%, ARV A 71 12 FEFE O M4 T Ty, 1HEMEO
T B %, fE R OERELARE L, &8 8 VLo SBP B X OMAHE O F A M
FLLRDELOTHNIT L.

(4) &E5FHE

1HEMOTHEAER, ST DICH T 7l WKY 2T,
WA (ND) ,NDIZ30% (W/W) 7— F#z&T HFD ¥ X O HFD (T 5.0%ELE
%% T» HFD-ELE % 10 @[ A HER S ¥ 7.

(5) E, HifE, BAKER IONEIEN&OHE

FET, KRV ERERICANTEHELZNE L®, REROHE A R
WOl LTHE L., BEERIOCEKREIR, KB - BKFEOEE)NDSHE
ROERLZZLIIWTHEE L. KE, SEER L OEKEITEHE 2 BJHE
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U7, WIS & (W FBEEIENG, A BNJE s 1%, REWHKET%, =

— T OVEREE T CHMAE S 2%, HIE L7z,

H1EF2H (5) ICHLT .

(7) MAEKWRBHT 7 F o OREMBACF LA &R ALE o Gl

1 =5 281 (8) ICHEL 7=

Rl

(8) I ik B AL 7 f A

BHWMKETH, B 1EF2H (7)) ERAEOFETLEY T L E5T,
WiEET-80CUTTHEHMEFLE., A2 VEBREREET v b A v
AU CHEXR Y N GRAKERFEMHER) , TT A RX 7 TFE~YTR/T v b
TT 4 RX T FUBEBAGRENRET v A (ELISA) & v b (KEREK) |
LF o, S a—A, ~NEZ 1YY Ale (HbAlc) , HEHENEIfEE (NEFA)
TN (TG) BX O a L x5 uo— (TC) T HEH T F 7 4 % —

(Hitachi7180 : H32) Z AW CTHlE L7z,

(9) #ElkLE
ETOT — XTI E¥ELSE TR L7-. AEZEMKEIX, Dunnett’s test (& K
NAT - 7=, HEZEKAEL, GHRE S%RIE (p<0.05) 2HEEZHH & LT,

EHIE ER
(1) K&, B &, BAKEBIONKEN %
RO 10 WEICR T HE, EEE, EKEBLXONIEIEN &0 L%

Table 2 2759 . HFD == > k2 — /LR L O HFD-ELE B0 1 H E¥HE =
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1L, ND #t & i L THREICMK)»>72. L2»L, HFD = > h v — /L # & HFD-
ELE #£ Tl%, 1 HVEHEEEICHBEREITAONRN -T2, 1 HEHHEKEIL,
B0 B L F AR HFD 2 b — L RERB L O HFD-ELE B£1X ND BEEHB L CH &
(AKX 2 > 7243, HFD 2 ha— L ff L HFD-ELE B Cl3A BRZEN AR Tz.
HREOBEE D | AR ERIn)—2 R ML, &8 Tl AT 572 £, HFD
ay hbue— VREIENDBEL YD A EICHE D - 72, HFD 22 ha— LEE L HFD-
ELE B TIIA BERENALN) -7, ND #, HFD 2> he— LKLY HFD-
ELE Ff T HBR 46 I O AR EICH B R ZEILRD 12D (ENE I, 196.4+2.3,
202.4+3.2, 204.6+3.0 g) , KGR K THROKEBICEEBEIMEICBNT,
HFD => b — LEEIE ND B35 £ OV HFD-ELE BE & L CAH B I ML T .
F£7-, HFD = hr— LR o B ] I 36 L OVE gl )8 B O N g AE B &%, NDBE L D

HlZEmM»o7=. L2 L, HFD-ELE & O N EAE I &% HFD 2 ha— L EE LD
HH BIR o7z,

Table 2. Rat body weight, white adipose tissue (WAT) weight and food intake

during the 10-week study

Variables ND HFD-control HFD-ELE

Food intake (g/day) 18.5+0.5" 14.8+0.4 13.9+0.3
Water intake (ml/day) 31.5+£2.1°° 24.5+1.5 22.5+0.7
Calorie intake (kcal/day) 66.4+2.0" 75.0+2.2 69.9+1.6
Final body weight (g) 391.3+10.2""  443.8+8.2 381.1+£4.3"
Body weight gain (g) 194.9+10.3"" 241.4+7.0 176.6+3.0""
WAT (g/rat)

Mesenteric vascular bed 2.77+£0.23""  5.09+0.20 3.60+0.20°"

Perirenal 0.41+£0.03""  0.64+0.05 0.50+0.03"

All values represent the means £ SE. (n=8). *p<0.05, **p<0.01, as compared with
the high-fat diet (HFD)-control group by Dunnett’s test. ND, normal diet; ELE,

Eucommia leaf extract.
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(2) I [E

KO 10 BEICH T D SBP DA% Fig. 8 (Z/~x7 . & HBHLARE, 3 BRI
® SBP IZEITR BN - 722, HFD 22> h u— L#E® SBP 2%, RABREALA
2HMH%E D 9 MEIZII ND BEICx L THEICHM L, BRB& TR O 17 v £
THRBEIZEWIRER W=, k- T, HFD Af# I X Y WKY (28 T/t D
EAMPBIEEISN, BEORMEALRIEL TWD I ER@BOLNLEZ. —F,
HFD-ELE #£ @ SBP (%, 10 @75 17 Bl M T HFD =2 > h v — L EEIC
L TCTHEIHKS, ND BRI L CITERME T THEREIZRD bR

> 7.

140 -
-O-ND

135 -~ L+ HFD-control
- HFD-ELE

[y

(F3]

(=]
|

SBP (mmHg)
[y
N
9]

7 8 9 10 11 12 13 14 15 16 17
weeks old

Fig. 8. Systolic blood pressure (SBP) in rats receiving a normal diet (ND), a
high-fat diet (HFD) (HFD-control) or a HFD containing Eucommia leaf extract
(HFD-ELE) over the 10-week study period, when the animals were 7-17 weeks
old

All values represent the means £ SE. (n=8). **p<0.01, as compared with the HFD-

control group by Dunnett’s test.
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(3) M& DR S

ELE OB R A IERIREO M E R ELEICHEZ 2 ELFMT 5720
(M oK B AR O i R O JE S A i I SMA O S MR (L R Y 1
FOBEEHE L. mEPEOE S % & Vil SMA O %%k 7 Y
I X D ERERHI L 72 /5 3 & Fig. 9 3 L OY Fig. 10 2773 . ND #f ¥ &L OV HFD-
ELE #£® VSMC [T H| L 72HKBETH o 7273, HFD =2 b e — LD VSMC
IEAHANCESI L TR Y, FEIEENRS bz (Fig. 9, #2) . mEHEO
JE S ZME LR AR, HFD = & b o — L%, ND #3¥ X O HFD-ELE B X
DHEAEEICEN>T- (FRFh, 114.4+44.0, 82.6+3.3 B L N 98.8+4.6 um) .
72, HFD-ELE O ME T REDOE 1%, NDRH LIV b A REICEK,L -T2,

Fig. 9. Immunohistochemical visualization of the medial thickness of the
thoracic aorta from rats that received (a) a normal diet (ND), (b)a high-fat
diet (HFD) (HFD-control), or (¢) a HFD with Eucommia leaf extract (HFD-
ELE)

#1: adventitia; #2: media; #3: intima; scale bar = 100 um.
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Fig. 10. Thoracic aortic ring medial thickness in rats that received a normal
diet (ND), a high-fat diet (HFD) (HFD-control), or a HFD with Eucommia leaf
extract (HFD-ELE)

The values represent the means = SE. (n=8). *p<0.05, **p<0.01, as compared with

the HFD-control group by Dunnett’s test.

(4) MmiKAF A
B WIS T %, BRI L 72 ik o A AL 0 5 B O % Table 3 1277 7.

R~ — I —ThHoMEME, 1AV B HbALe 1F, FHHETHE
REFTRLONE o=, PO NEFA, TGEB XX TCIZOW T, REKIZH
MECTHERET o7, TT AR A NI A OoHTRERIE, Fig. 1112
Hbor L7, HFD-ELE BEOT7 7 4 AR 27 F 0L, ND BB X HFD =2 b =
— VLV LA EICHEMLE (FE 4, 48403, 3.5£0.4 3B L 3.8+0.2
png/ml) . L7 0%, ND BIZ% L C HFD = > h v — L#E X OV HFD-ELE
HCTHEREICHMLE (FhFh, 1.9+0.4, 2.7+0.6, 2.4+0.4 ng/ml) . 75 4
Ry F /L7 F i, ND #I2xt LT HFD = b e — L CH BT
FL, HFD = > h v — L #EZ% L C HFD-ELE B CTHEIZHEM L 7-.

27



Table 3. Blood components in rats that received a normal diet (ND), a

high-fat diet (HFD) (HFD-control), or a HFD-Eucommia leaf extract

(HFD-ELE) at the end of the experimental period

Variables ND HFD-control HFD-ELE
Glucose (mg/dL) 162.9+71.0 128.1+16.7 114.0+£23.7
Insulin (ng/mL) 0.5+0.3 0.7+0.3 0.7+0.3
HbAlc (%) 4.2+0.2 4.1+£0.1 4.1+£0.2
NEFA (nEq/L) 667.3+308.5 710.1+£274.1 741.4+157.5
TG (mg/dL) 29.1£9.6 38.4+7.7 36.0£12.5
TC (mg/dL) 119.3+9.8 116.1+7.4 114.3+£8.5
Adiponectin (ng/mL) 3.5+£0.4 3.8£0.2 4.8+0.3"
Leptin (ng/mL) 1.9+£0.4™ 2.7£0.6 2.4+0.4
Adiponectin/leptin ratio 1.9+0.2 1.5+0.1 2.1+£0.2°

All values represent the means £ SE. (n=8). *p<0.05, **p<0.01, as compared with

the HFD-control group by Dunnett’s test.
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Fig. 11. Plasma levels of (a) adiponectin and (b) leptin, and (c)
leptin/adiponectin ratio in rats that received a normal diet (ND), a high-
fat diet (HFD)-control, and a HFD-Eucommia leaf extract (ELE) at the
end of the experimental period

The values represent the means £ SE. (n=8). *p<0.05, **p<0.01, as compared

with the HFD-control group by Dunnett’s test.
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Hafh BE

AKMFFETIE, HFD AR & 0 g1 B D JEG 2 2 L 7= WKY (2 ELE % %
s, (KE, NWBEN=, LE, H 77 s XY A4 M oA VREB X
OCHIEREIC G 2 528 AR5 L=, HFD 22> o — L BEOKE, NI
BB IOMEIEZ, ND LR L TAHRICEA L., —7F, i oRENR#H~
— A —BLOMHPEEEICONTIE, 2HHACTAERETIAOL RN o2 2
EMB,HFD 22> b — L BEIE, A 02 ) UM I OEERFIES 2 L
TRV OEMEIRETH D & FE 2 5N 5. ELE O IR 2RI >0\ T,
HFD # B H L, A XA v 7 v Fu— A2 RESE-T vy 2V RE
TREICHER I N TV DA, 2520 »#HoRmkELZ R LT v MZBWTH
FIE IR S R 2R3 2 & 2 fEsd L7z,

HFD = > b — LEETIX, ND fE& i LT, Mm/E, L 75 RE,
mEFBEBENEEICEM L. V7T 0L, REMREZEE/ L, WE%
EREELIZ G, B Mp LT OB, HFD 2 h 7 — VD
SBP O LHICEEBEL TWLIAIEENDHD. SHIZ, VI F ik VSMC DO
S, ME YV ET YV 7B LOMEDOREKRCEMREST D LD, Y HFD =
YR —AHTHERFEREERRD N EEZLNS. Lo L, HFD-
ELE #f CI/Z HFD = > b — VL FEIRICV T FUREN EFH L THDICD
b 59, SBP B LM FRIEE 2, HFD = > b — LB & il L TH &
IR N LTz, Z4LiZiE, ELE O M N B K A7 M o i 3 IRk E A IC X 2 K
FEER 2 &, TS ME~D AW OEBEABEMRL TWD I REES B R
iV, HFD-ELE BED M 7 7 ¢ A3 7 F RN HFD =2 b v — L #f
WHLTARICHEMLEZEOEELTWVWD EEZXHNS.

TTARRTF AL, VIF U LRRICEMAN D3 WMSNDT T 4R
YA ML THY, BEORH, NO KM IMEILE, ik
HATEAM G AR T 2EM 2 A L, A4 v 2 U BB 2 BBE IR 95 o o 3 1E
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PLENIREEAL/E ) 2 =9, 125152 X 5T, HFD-ELE B T, 75 ¢ K%
JFURENEMLEZZ LKLY, HFD AWICERNT 2 SBP ® LH B LV
A PR E 2 IH S e 2 LN S 5. & 512, HFD-ELE #f 0 i &
BRABEIXND BEL D b ARICENZ EnD, ML T T 4R X7 F I X
ST, MENICHED FBREEE LG Sh/zeBZx 6. RIFFEICL Y, ELE
MAETEEBERIC X 2RI ORIEY 27 2{&KHT 27210 T2 <, Mz &
LEARIEALDFEIE Y 2 7 AR T D ATRENEN B 2 b4, ELE OEREME & &
LTOS bR MHENRE ST,

TT 4R TR EREEO~— =L LTRSS TRBY, ¥ (KiE
2 b L, EREEAO Y X7 BT 52 EnWESNTND. O LT TF

MO OMEAHRE SN TRY, W mPRENHEMNT 5

ZETEHAREBEADOY R BRINT D, ENOR, TT A ARRX T F L& LTF
DR, 2 RHERIF Z O EWEE BV TT 7 1 — A MEBEIREE L O
LD L, ¥ TTARR I FU/IVTF D, MEOMHERBERD
TR~ —T—IZR2DZERFEESNTND. O PR ORMKRETY,
AR ITHERT 2 2 ERmE SN TBY, ) KRBRO HFD &4 7 v b

BOWTHLERBALOERZHERT DI ENTE. KBTI, YIHEED
JERAECTH BLE BT 7 4 AR 7 FUraiimst, i HRInE % b 4
HILEMRTEIEIENS, ELE OMBRBLIER 2 "B 5.

ARBRTIL, ELE OfFEIRD, 12U VIRPESCIEE R FIE L b 72
W BERE o I A 2 L7 WKY ICxF LT, BREEM, SemiEM, PR
JEMEER, M7 74 R FUREBIXOT T A RX I F /LT F
HOWMIMERN 2R3+ 22D THER L. YIBEBEOREHR TH->ThH, H
TIER D 2V E FEIRBE(LITER T 2. 2072, ELE OfMFFHEERIZ LY
FIH D R IRE O B I 2 T, BIREEA ORI U 2 7 ORBAKILL Z &
FFEFICARTOHLIEEZZLOND. UEORKRERNL, EWICHEET LRI
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ELE Z##E R L T 2 & T, ¥MIloEMaskEL, P 7T 4R 7F
CEAWIMEE, BARELORBIEY X7 2K T 5 A EEENRBR I N,
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B3E MHMHExFROMLEEEKTMHEROKE
1 TR

% 1 ¥ CTlX, ELE Ok EE SHR KEYIRICH VT, ACh IZKIE L=
BLARAFPE o0 1 B LR BERE DR F 2 4l L, o NO iR B 2 & &, M P
WA R 2 Il 95 2 & & iR L7,

9% 2 3 T, ELE OB, 1 > 2 U KHMECHEE B IE 2 fEb 72
VN B B 0 B A B L 72 WKY (2xb LT, BEEAMEA, PUIRTEER, SRR
JBEWEER, mMh 77 A R FUOREBI T T A R F /T F o
LoMER 2R3+ 2 &L 2R LIk,

AHFSECIE, ELE O I8 # e K T #0736 X OB @ IReE (b /E ] o By %
HONCT 27201, ELEDEREE S TH Y BREFEHNOBAERS THDZ L
WA B AL TV D GEA (Fig. 12) OfEf Z# /K& L 7. GEA 1%, SHR IZFIRVES
LEEROREEEMP RSN, TOBREMEMIE, EH T v b THDH WKY T
FROLNT, SHR THEICRO LN D Z ERHESATND. D £z, b
FRETIE, EFEELEERSIORESOLEEZSRE LI _EERT 7
T R % R ATRE M L A BR IS B W T, GEA % 85mg &t ELE B & & DB
JEERADNHER SN TS, 39 =20 GEA DIERA%#F# 2% Z £ T, ELE D{EH
IS i R A W B

7 FF ¥ (Gardenia jasminoides J.Ellis) O#IEEFZTH DV > (ILHE

+) B X QA 4= (Plantago asiatica L.) O © oH
FEHOEEEZEBE LYy Br Yy (HEE) T X

X, AL LTHAINTEY, FHEMRSEL - Alo?

T GEA ZEALTWD. O 7FF v DRHE AN T
X, BIEERB IO CommEER 28T 2 Eij~w .....
ZEnWEINNTEBY, A NaAN—TF, B )

Wrs /v —1U U (cAMP) R AR T T Fig. 12. Geniposidic acid

33



AT T —BEHETLZZILICILIBEEMM, FUEMER, SLREERERB IO
M7 LVAF—EHBEOCERENRRESALTVD. D L, Zabo
AIICEEND GEA DFIMEIZ DN TIL, invitro RBRIC X D2 HENZ V.
HFD AfIC KD 77 v — A ME ARG 2 BIE S ¥ 72U 3 F (2 GEA O EH
H 24T o - BTk, M NIRRT U 72 1R A S o Jsi b, ST i o
B, 77 e — AEE R AL O EN RO D, GEA OHLRIEEM B L
DI EREERPREIN TS, P L2vL, GEA OME KT 580k
IZOWTIE, +oIH I TWhiaun,

B R A X, EARESHCTEERAR V2L oREH Y,
ZAOITAEKRFEDE OS5I ENICEEL 52X TV DA RERE X b
No.ERREMED 1 > THHLEMET MY ULARRTF N (ANP)
Kangawa HIZ K> CHIO CTHBERE SN 28 HMOT I JVBLIV 5T TF
RABENLVELSTHD. ) ANPIZEICLOLEMIN D W S, HIKDOKE % 72

CERBELTWD AT R TLARRNTF FZEMAR (NPR-A) (ZHE L,
BRI T ) —VU U (cGMP) 2B W v A vV Yy —& L&
WAEM, FUREM, W& V0G5 OMBMmEIEN, 77 1« KX 7 F oo
ERL, DR KRINEIAEN, AZREAR SR 72 Sk 2 7 AR AR 22 ok 4, 64:600)
ODIRAT A 2 LS HEMT 22 MO0 ARAE T, M ANP IR 2385 E (280
T 50, ZHiX ANP O MEILEEMN B L OFREMRICED, LlEo AN E
BKFEH LI ETDARKIETHDL EZEX DN TS, HATIL, ANP2E
FNOLBEMETFT FY U AFJRTF R (hANP) 8K & L CTHERRIG A 4, 1995
FIZEAMELAREBRERE L TAR I TS,

ANP (2D MO BERICITE SN TE Y, KiKED EH/ 2 EIZME S LFEMH
OMBEFANICIEE L THWIND. —J7, ZO5W#EF L8z, Kim &%
TN 2R TF K-l (GLP-1) &K (GLP-1IR) &7 T =& MNZ Lo T
HLANP BRI ns 2 & 2 #iE Lz (Fig. 13) .7 GLP-IR 7 I =X b X
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GLP-1R Z /T L THENRCHIEH IR Z TS Z L mEINALTVD. £h
HOMFITLEMIO GLP-1R 247 L T Sz ANP 35 L TW5b Z
EN, DT LM S, GLP-1R X, WK, DR, m®, MM, #, #F
g, B2 EfEx RBERTHRIL TV, %6 GLP-1R &40 L= A BER NI
EREALICHFIEES TS, D012 LT, 7y hEBD GLP-IR N AL~
U TR0 FELIBMEEFEORBICES LTV, £d GLP-1R Ok
FEAERBR I B VT, GEA Z# & T 7 = A ¥ REBKAEN GLP-IR IZ/ERA T2 2 &
RSz, 7 27 E TELE THEI N TWDRBREMEM, 1 FIREM,

20 B EAE, Y A EOEERS ~OMEMIE, ik ANP O EM & HEE
LTWDENELW., £ T, A TIL GEA 28 GLP-IR 7 2 =X & L T
fEM L, ANP O3 WHZBE L TW A REL A 2 Tz, AWFJETIE, SHRIZHB W
T GEA OH[EE N G508 SBPICH 2 2 BEZRFL, HOLBEEHANAD
NOELGEBIOELGEHZOEMZFT . 512, TOHEET GEA OH
Bt 0 G 21T > 726 @ SBP, L% (HR) , ML ANP R EF X Ot
GLP-1 2 E DAL # T, GEA OIME x4 5 EMEF &MLz,
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Fig. 13. Mechanism of atrial natriuretic peptide (ANP) secretion from the

atrium
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H2E ERFIE

(1) EBF R

FEAREEZ BOKF M L, 8 L7 =% X % Diaion HP20 {2 T4y M & #4172 H,0 [
5y D —HB (700 g) % MCI gel CHP 20P (H,0, MeOH) (Zf} L, Daisogel SP-120-

40/60 ODS-B (50%MeOH) THi# L GEA (86.0 g, #fif 98.9%) % #37-.

(2) fEHEY
FEREIIRDOLOZMBEHA LI, A VIV T Yy, T7uaF =1 (FMEHIET
ESN

(3) EBREHWY

5 ##H > SHR (SHR/NCrICrlj, 24 P8y Z HA T ¥ — /L R = U N — 5 A
L7z, SEIX, RE 23+ 1.0C, MHAFIWE 50+ 5%, WK A 7L 12 KEE O
FAETFTITY, 1HEMO T E %, FEBRICHEH L.

(4) &E5FHE

GEA O Fjii % 5 & & ANP 3 X O GLP-1 O Ifi i E ORI E R A > b & st
T LD, GEADHERERBRZITo7. 1 WE O T E%, £8 6L
Tl 72 16 # il SHR (2, GEA OF G BN Z N Fh, 10, 50 B LT 100
mg/kg REIZ/ 5 L 51T, SHR OFREB LR L7 GEA OME D b HH
LeEBHERED GEA Wiz LR &G Lz, v be—id, #iko
HAEPEE L. ANP B8 X O GLP-1 O EEOMIE X, &b BEEERNR
5 iL7= GEA 100 mg/kg O 8 5-FF 21TV, GEA G Ik B %23 br—

Lk ek L7z

(5) I EH L ONLH £ ol E
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SBP B L O'HR I, F1EFE2H (5) CRFICT— VB 7HEITIVHEL
7Z. GEA O] &R ERRTIE, RAKGEAMBIOEE 3, 6, 9 BLU 24
RFfEI 212 SBP 2l L7z, WIZ, mbBEEMFEHNE SN GEA 100 mg/kg
DGR, &5 6 R #%1C SBP B X UVHR & L 7-.

(6) 1" GEA ¥ o H| &

GEA (100 mg/kg) DO # A& 5 6 K[ #1Z, SBP B XU HR ##ll&E L 72 1%,
Ty hE 2% A YTV T Y TREEL, EEHM KB ORMLZ. WMWiK
10%EDTA-2K FLEEEAI B L7 Ve F=rv 250 F 2 — 7B LIEML -
%, w0 BE (1,000g, 4°C, 15453[) 21TV, o7z RiEamigEd 7
E LT, WIEE T-80CLLFCHEMIRIFEL. M 300uL & A% ) — /7 &
F=FUJVIRBEEE (1:1) 900 pL 2~ A 7 v F a—7(ZiFML, 30 BHEHE
%, =008 (12,0000pm, 4°C, 10 4y) 247V, o B2 EICH
WL I GEA L, LC-MS ZH W THIE L. &ML, 7 40
Chemcobond 5-ODS-W, 4.6 mm X300 mm (Chemco Plus Scientific Co., Ltd) %
i, BEIMEN (A) 0.01%FX & A K/ (B) 0.01%FMEaFAX ) —1, 7T
P R 0% (0—547) , 0—50% (B) (5—35743), H T LIEEMN 40C, K
28 0.5 mL/min, B E 23 245nm & L7=. MS TO A A1k« A4 4 B,
ESI (+) ® SIR E— K, ¥¥ v 7 VU —EJEX 3.5kV, Y—REEIX 1200C,
F IR — g VIRE 350C, N2 U AE (2—22) X 50 L/hr, N H A
E (T _"—3 3 ) 1600 L/hr, 2—EEIT260V & L=, SIR E—
RTiX, 7 U DA FICHKRT 2 m/z397.06 2 f57E L 7o, T I3AE
HEPRINE TIT - 72

(7) I ANP & O H &
M ANPIREOREX, V> R v TR R EZEREIE ™ I2Xy
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iTol. ENEREGAFEMEE L F—L0oftE I ZHlET Yy PEHB LWV
SpectraMax L /L' 3 / # — % — (Molecular Devices, Sunnyvale, CA, USA) % /1]
W, MAEF O ANPRELZRE L. —KIETHDLT v b/~ T R a-ANP
AU Zu—FAHiERE LI~ A 7L — FDO{F Y = VI, EEHIK
350uL ZRM L, 3MPEHFEIT -7, NEWERE L%, 7 = /LT Assay
Buffer 50 uL ZiRM L, & O ICHERH OEERIKLS XN EY 7 v % pr
EDT /LI 50uL WMLz ~A 27 a7 — k&2 —/L1L,4°C T 24 B,
R LRPORIGSEL. WICHNEWZREL, %7V = VICHEHIK 350 uL %
WL, 3EIEHEEIT . HKERELE®R, & U LI ZIRUKREKR
(TNHVRAT7 7 & —EHE# Fab® i#K) % 100 uL T ORML, A7 1
TL—bhEY—LTERIRT1IRRE, RELRZPORKIGES . NEYZ K
ELT72th, &7 VICHEK 350 L 2R L, 4 BIEEEIT o2, SR E
brE L%, &7V VIZBNHEEEEBERZ 100 ul ©2RML, =i\ T 20 45M
FrE L &, & %IC SpectraMax L L2 ) A — X — & W T 527 nm ©
RIEAZRE L, WEMM D Blank fHZ 2 Lol &, FEHEREZ MM L CTEMR
L7-EMRED, mMEEFO ANPEE A EH L.

(8) I ¥ GLP-1 ¥ o Jl &

4 GLP-1 ¥ 1X, 7 v b GLP-1ELISA % v b (Fa s T %) 2 W
HIE U7z, i GLP-1 3 EE VL, g b o iR GLP-1 B8 X OVRIE MR GLP-
1 25D RGLP-1EEE L TCHELE. v VF 7L — KUY —%— (SPARK
10M, 7 ) ZHWT, 490nm O FEIEE 2 WE L, WEEL 5 Blank 5 %
AUl &, EEREEZHEMA L CERLZBRER LY, PO GLP-1 B E %
BHLE.

(9) HERtALEE
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A2TOT—HZTEHELSE TEHE L. AEEREIE, 2 B ok %
Student’s t-test (2 X U 1TV, Z ELL#E 2 Dunnett’stest (Z L VT -7, AEZE

AKUETL, fARE S%ARN (p<0.05) ZHEEZHV & L.

FHIE MR
(1) 7 =R Ko a1 0 £ 53R 5k

GEA O H[afk 0 & 5B 0 fE B % Fig. 14 (283 . GEA #& 5 #/iD SBP »n»
SRENEL 3, 6, 9BLV 24 K% D SBP OB{LE&EEZR TR, 56
Fifil 2, =2 b — LEETIL SBP OE /LR A SR> 7275, GEAS0 B X
N 100 mg/kg # TlX SBP OB b &2, HEKFIZa L ba — LRE L g L
THEICKTF LA, #5810 SBP %, 22> b —/LE, GEA 50 3 X1 100
mg/kg BE T, ZILZEI, 196.3£5.6, 204.1£6.4, 3 XN 203.2+2.0 mmHg T
ST, FhH 6B ICIX, GEA 50 8 X OV 100 mg/kg (KEAE D SBP 23 =2
Fe— LB L CHABIIETLE (T, 166.6+2.6, 153.0+2.7, 3

L TN 183.6+7.2 mmHg) .
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Fig. 14. Changes in the systolic blood pressure (SBP) of 16-week-old
spontaneously hypertensive rats following a single oral administration of the
indicated dose of geniposidic acid (GEA) or purified water (control)

The values represent the means = SE. (n=6). *p<0.05, **p<0.01, compared with the

control group by Dunnett’s test.
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(2) =AY REBOMmH ANP R EIZH 2 2 28

GEA O H[E# A& GRBRICEB W T, i b BEREMFH2N R 572 100 mg/kg O
B BETHE, GEA & NEhLH L, &5 6 Rl © SBP, HR, I+ GEA,
ANP ¥ L Y GLP-1 B JE O &k = 1 7= (Fig. 15) . GEA # 5-# ® SBP |1,
aryihue—ABIYLEBRECEKTLE (ERFN, -26.0+4.1, -9.5+3.1
mmHg) . HR {225\ T HAEKIZ, GEA & 58 Fay bue— ALY LA E
WK F L (20vFh, -16.1£2.9, -0.8+4.6 mmHg) . GEA & 5 Rf o 1L GEA
BT, 147.9¢16.40M Th o722, 2> b — LRETIIMF GEA [T/ &
N odz. I ANP JBEIZOWTIE, > ha— LREE ki L C, GEA
HEHTARREMNPRBO 5N (ZNEH, 462453, 69.4+5.2 pM) . L
HGLP-1 IR, 2R THEREIT R -T2,
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Fig. 15. (a) Systolic blood pressure (SBP), (b) heart rate (HR), and plasma
levels of (c¢) geniposidic acid (GEA), (d) atrial natriuretic peptide (ANP) and

(e) Glucagon-like peptide 1 (GLP-1) at 6h after GEA oral administration in

spontaneously hypertensive rats (SHR)

The values represent the means £ SE. (n=6). **p<0.01, as compared with the

control group by Student’s t-test.
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B4t BE

AHFSETIL GEA 28 GLP-1IR 73 =X h& L TEHA L, ANP O3 W25
L TWARE % T, SHR IZ GEA Z# H[E# A& 5 L 72K SBP, HR, ML+
ANP R, MLH GLP-1 IREICHZDHEBIZHOWTHE L. GEAZZTh T
A, 10, 50 BEL O 100mg/kg REIZZ2D L 2ic&koEs L, 5% 3, 6, 9
BRO24 FEHEZOMEDEZT T, &G 6 KM%, a2 hr— LT
X SBP O LN R L7z o> 724, GEA 50 mg/kg BE¥ X OV 100 mg/kg BE T
X SBP O LEN, ABEKGFEMIZay te— AL THEICETL
. GEA 100 mg/kg Bt CIc KOBEEMZ/ R L= Z & 226, GEA O i & 5

R@

#% 100 mg/kg & L, &5 6 K% ® SBP, HR, M+ GEA, ANP ¥ X UMM
FOGLP-1 IEE O L b 2 ~7. R, GEA 58T SBP B LW HR A
B TL, mAd ANPIREZSAEICHEML 2.

ANP [Tl - 5 © NPR-A IZ{EH L, cGMP % HiN &+ ifi & V- 18 i % sth
BIEDZ b, 49 NI L 7 ANP 23 GEA HUC X 5 i JE{K Tz 5
LTWDZENRBEZHNT. SHRICTBER O S H 5 HE, 1 KEOKKEZ S

W E %O MESLI P ANP REZFH s @®EshLTng. ™)
Kikz L7gwvw= b — L SHR BED ML ANP ¥ FE 2% 120 pg/ml F2E T -
DX LT, AKik% L7z SHR BEIL 240 pg/ml F2E CHEIZHM L Tz,
£/, Kikz L7 SHREE® SBP (%, 2> e —/ /L SHREE LV L A FIZETF
LCWiz. —J, SEo0RR T, GEA H[EIR M8 5 R o I ANP & 23
22 b — LEET 46.2pM (141.5 pg/ml) , GEA # 5-%£ T 69.4 pM (212.5 pg/ml)
T, GEABED SBP I, v b — A BRIV LABICIEFLTWE., EkRo
K¥k% L7= SHR &4 B ORE T GEA % H[alf 10 # 5 L7z SHR Tix, M
ANP REDHEMNAFERE T, ELLLBREFEMPALND Z L2 5, GEA
K DBEERICIE, M ANPIREOHMNEE L TS EEZX 55, HR
IZ2WTIE, SHR B X SD 7 v MIZ GEA Z#ARIESH L, 15 5% ® HR IZ
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BEREAR ol EnHEIRTNS. D —F, KRRABTIX, GEA
OHEBEFAFERD 6 FFM#%IZ, HR KR TFTLTWD Z &R, kb
D2 SDORERIL, GEA OG- FHIE, B & LU 5% ORI ERH 23 K &<
BB b, GEADEBRMNHRICHE X HHBIZONWTIHE, 5% bERD
BRAEDNMETHDLEEZEZDBND.

7 v MCTEBWT GEA [ZHEWEVEN 58T S 4, RRRFAY 72 iR o 2k 23
WMEINTWD. ™2 F, AU A NEFERIZ, 770 a1 & RE
ETCRBICF~HAIIRDLDIEPHRESINLTWVS. ™ Lo T, GEAIZRA
BHEHZ, WIRSWLELEZRETMLHTICBITL TS EEXbND. KIFE
TIX, ANP O WS EEI L7ZHF I, GEA NI ICHFEEL TWD Z & &R
L 7. Gong HI%, invitro B3 X Winvivo R T, W< 20D AV FA FEHE
KIZ2WT GLP-1R 2kt 28 Ffk % ~, GLP-IR 7 T =X FTh %
Exenatide 38 X 8 GLP-1R 7 > # @ = A h T& % Exendin (9-39) (EA) %= W
RBREDOHEKIZE Y, GEAMNGLP-IR 7 I =2 & LTIERAT 2l fEM %
wEL TS, 7 F£72, GEAIXZT7 v FEBELTE F GLP-IRIZX L TT7 7 &
TV VMK ATAHBROT7T I =2 FTHY, EA LA LKA ALICIE
AT 2 HEMEN TR ENTWS. GLP-IR 7 2 =2 MNMIKIEER 2R3 2 &5
HMOENTWER, TORFOFEMITIAHTH-7Z. LaL, 2013 412 Kim b
%, X C® T GLP-1 T & % & il OiifE I ANP AL ETH DH Z & & FE
Bl L 7-. %D Liraglutide ® & 5 72 GLP-1R 7 2 = X s B.LEHM N D GLP-1R (Z
TEH 32 &, cAMP 8881 L, Z 42 XY Epac2 BNA L /NME (LDCV) D~
BE)L, LDCV 2»5 ANP BN &% (Fig. 16) . M H S vz ANP
X, MEFEHGOZEREICERT DL, cGMP %4 L Tl & FiiE il & it fg S
¥, MEZETEES. ARBRTIE, 2> be— LB L GEA 50 MmF
GLP-1 BEICENBD N> 7=Z &5, GEA X Liraglutide ® X 5 72
GLP-1IR 7 2 =2 h & [AFEIZ, GLP-IR IZFH L ANP O WM 72 2
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ENEZLND. GEAD GLP-IR 7 =2 MEM 2R T D7D, 5@
SHR |Z GEA D H# B L O'GLP-IR 7 v ¥ =2 L THh 5 EA % GEA £ —HKIC
HARES LS e OMEIC G 2 288 A T 7. £ DR, GEA 5 Tl
BH 20 BICMENAEEICKF LD, EA ZREFICEEG L2/ (EARE) T
M ENE FET, GEAIWZ X D2BEFEHNBIEL L T2 (unpublished) . F
72, GEA # 5 RETIE, 5 1045% it ANP N A EICH M L7-728, EA B
TIEHZOBWMB R ool LEOKENS, GEA I GLP-1R IZfEA L
ANP O3 Z M5 Z ENRBI T,

ANP [, [ FIEM O NPR-A IT/EMH LREEAEH 27328, & W B e

BT b U U ARRASTF FZAEK (NPR-C) IZ/EM L, eNOS Z &Mt

THZETNO EAZHNIELIZERHESN TS, ™ LoT, &1
B D SHR |23\ T, ELE OfffEERAMP NO REA MM Z &
GEA IZ XV ¥mUL7 ANP OEHNBEE L TWD RN H H. £z, ANP
X OB EIER A AT A2 079 | 1 B SHR B L OVE 2
B O HFD Afif WKY I238 W\ THERR 77z ELE BB X 2 H 5 AR = 0 i 1
X, GEAIZXVEMUL7Z ANP NG L TV EExHS. & 512, ANP
X, 7T a4 Rx 7 FUnWREEN AT 52 L6 9 ) HFD Afif WKY
ICBW TR S L7 ELE BRIC K 2MHF T 7 4 KRR 7 F R E O
[FIERIC ANP OHMAEE L TWnWb EExbLND. b kY, H 1=
® SHR 3 L O'% 2 ® HFD A ff WKY 23\ CTHEFE S #v7= ELE #EHUC
i B RE AR T I EIE ) b K OB IREE L AT 1E, ELE I2& A S415 GEA I
XU ANP O WBEM LT Z EICLD2ERHTHDL EBALND.

Liraglutide, Exenatide, Lixisenatide 72 £ ® GLP-1R 7 2 =X k%, 2 A}k
JRIFOIRIFEEE L THBESINL TS, 26O GLP-1IR 7 2 =2 ~E, @&l
BE, mmE, AEZLETSH. 7Y ZNALOEERBIINTF RALELTH
HlOROEBERICIT#E S 20D, b EHEE L THEHEATHS. L
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ML, HxORAEFEOH T, GLP-IR 72 =X h &2 RARMLSLRMFER & L
TROBRCTENIE, FERFBEBROIV R ZEET 2 ETHEFICHERETHD.

GEA 13k % 72 in vivo SBRIZEB W T, MWARBEREZ RT Z 8D 2ho
ez, EAEDERSOF TIE, ZhETHEVFERIZSRL TV RN T2,
LhL, RFRICEDY, ROVEBRBRAL Y hOREREHRMLE L THLRS
PERHER SN TWD ELE O EE 7 Th D GEA 2, %472 GLP-1R 7 = =
ARELTHHATESZ RN "IN, LEDZ &6, GEA & ¢ ELE
X, MEHEBEKTZME L, LEPEIEEZED-BRELLORIEY X7 %
KT 52 & T, MEORBEMFICE L OBEESZEME L CRATEZ L
DR S 7.
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Fig. 16. Geniposidic acid (GEA) increases plasma atrial natriuretic peptide
(ANP) by activating Glucagon-like peptide 1 receptors (GLP-1Rs), preventing

vascular dysfunction and aortic media hypertrophy in rats
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B ETIE, MRV ILE N B EE MR T 9% SHR IZ ELE Z ik f5e 12 B
S, MERREKIGE ED M ERELFML, ToRBEBLRFLEL. &6
(2, ELE DNEVAIREE(L DRIEIC 5 2 2 B L BRFT 572012, BIAREE(L D 1)
LR ONDBEETH D MEPEIEEZ 7. T OfE, ELE OfkHiiE
723 SHR KEMIRIZ IV T, ACh IZBIS L 72 N AR A7 4 o I 38 $11 5% 14 6E oD KX
FE2MEIL, Mmh NOWREZEMmS &, m&EFBEIEEZImE+T52 L2900
THER L. Lo T, ELEIXM BRI T A M L, M o HE R 12 5% L
OHERRMEREM L LRI TE D aMREER R S T,

% 2 ETIX, HFD AffIZ X0 I BRSO IEm 4 2 L7z WKY I2B8W T,
ELE QMG B A IKRE, NIEEME, IE, P 7T 0 Ry A b A v RE
52D BB ARSI L. & 512, ELE NEIIRTE(L O RIEICH 2 5 B 42K
AT AOIIC, BlEERKICLEPFREELZFH 7. ZOHE, ELE Ok
RS, WIHIBERE O 2 & L7 WKY OfRE, WNIEEN &, @mE % Ed
S, MHFTTAARX I FUVREBLIOT T ARRX I F U/ VT F Ut %y
MEELT &M@ L. ZNAbLORR KD, HFD &ff WKY o i % 5 e
A S, EAREAERZRT 2R BE X b, KXo T, ELEIEE
WICHREBT 2R OPMBEREOIEMICH L TH, BEERLHIEWMRE R L,
ERAE(LDOFRIE D A7 2RI HZ ERHLNER o7, LLEDOFRERNS,
FEAPE 2 00 IR T D AT 2 DB L T < 2 & T, I o e % gE
L, BIREE(LDOFRIEY 27 Z KK TE 5 [ REMEN RIE S LTz,

% 3 ¥ TIX, ELE O ML #REAX T4l 3 X O Hu B IRAE AL AF H o 1F iy %
HOPCT 272010, ELEDEREE S TH Y BREFEHNOBALERS THDZ L
W BN TWD GEA # SHRICHEIR A5 L, GEA & ANP 7y WM 1 /M
IZDOWTHEFH L7, GEA O HL[ERR 1 #5103, IREK AR SBP K T S+,
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GEA (100 mg/kg) O G RFICHR RKROBEIEEH 2~ L7z, WIZ, GEA O & i %
H. &% 100 mg/kg & L, &5 6 FFfi]#% © SBP, HR, I+ GEA, ANP ¥k LW
M GLP-1 R E DO ZE A ~7-. & RI%, GEA & 5.7 T SBP & X U HR 28
AEICEKTL, M ANPIREXSFREICHM L. £/, GEA B 5 TO XA,
M7 s GEA Biian/zZ &b, GEA DBRKRAKRLG®R, WA EN%E
TEERLTWD Z L2l L. ANP 3 W& 5 & 29 GLP-1 @ if i FE I,
arybr—VHEE GEABRLGHOWMBETEN RN ->72. K> T, GEANBLE
MM > GLP-IRIZ7 =X F & LTIEM L, ANP O 75 Z ¥ N & & 72 w6
PEWN R & 7=. GEA ® GLP-1IR 7 2= & MEH 2RI 5702, 5 Hifp
SHR | GEA D HEB LN GLP-IR 7 > Z T =2 h Tdh 5 EA % GEA & —#EIC
HARES LS OMEIC G 2 2B AR 7. T DR R, GEA & 5 # T3,
B 20 0 BRICIMENFEBICE T L2, EA Z RIS S L8 (EARE) T
X, mMAENMETFET, GEA ICKDHBEMEHRHEILL T, £/, GEA &
HEETIX, &5 10 % ICiimHd ANP BN EICHEIN L7223, BA B CIEZ O
MR shienol. LLEOFERI S, GEA X GLP-1R IZ{Efl L ANP @4y
WEHEMISE D Z ERRBI .

AREFIETIX, RARMKSY TH D GEA 23, GLP-IR 7 3 =2 h & LT, #&
N5 CTANP O WEMMI TS Z L E2PDTHAL L. ANP (XM E LR
TERT, I N BCBERE O SO R, ML il i o ¥ mIEN, 77 4 Rx 7
FropweEER R Ex 2ABIERZA9 5. Ko T, ELE I¥ GEA IC &
% ANP WA IMEAIC K0, mEBKRK TMEEREZ®RL, HREELZ &
DI-EARBELDORIE Y A7 2RI T 52 L NB 2 bivic. GEA DX, fRAh A
ELTORRHRS BLE 25 H LK ERBHEME L TOBREREND S
W, TOREWITFEFICEVWEEZLND. AFFEOMAIC LY, H:fhiE
WNILE OREFEMHERFZ B E LB e liEEEM e LTS Z &R
HrInd.
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MR W= AEHERICLIVEHEZB L LT X,

R T, AimX 20 5 CBR L, EREFE, MfE2BY £ LcdtiE
ERERT P Ok RFEFCEZAVIER MEEHE 2%, bifpEEg s K
FHD RGN B, mEER R, & LEAE MEER, IR HEEIR,
b E ERR K BAME - AFBERICESHELHR L BT ET.
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MEZWESELRLIENERY RBBRHRERAUIE kKB RFEREE R
RERE ¥ — W %, ENFERGH Y2 — AL I v 7 Xt
try— MBEAN FEHE - —RICEE@LBL EFET.

SHIC, AFETHEREME Z28WE E LELHBAREMTRESRE, KRR
FONRIERE g R, R BT, T LR PR BRI,
R RS BEE IR O o, SL kR RECER BERUEER R R,
FIRT BZPE A ILEE 2%, SEERM SRS KW RIEE 2w,
SEWOR S RREE MM R, RS RS BRI R B EER SR
WEHRICODEIVELBA L BT ET. 612, KR TS RARERH 28
BINKF R AZEAL DNUIERE L, EMNRFRFE Bao + LFE0%E
EOFEDERICHESIEHHB L LT £

ARBFFEDOBATICH T2 Z RARE %, HFEZ28E £ LI/ RERLS
B RS AlAbR, EHCORRS AFZEBHE AR, FHEH B, KK
A RRFER R, R R R, CFHEE HEREICESHLR L LY
FT.E, B2 B N EBE E LB ROFEFTONIFE K, EHTHE K,
JRHEMHE K, KEEF K, RAAEIZ V-7 OERICEHH L LT £
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