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Vascular Relaxation Induced by the Water Soluble Fraction

of the Seeds from Oenothera Odorata

Hye Yoom Kim"“*’, Yun Jung Lee"*’, Jung Joo Yoon"**, Min Chol Kho"*’, Byung Hyuk Han"***,
Eun Sik Choi"*, Ji Hun Park'?’, Dae Gill Kang'**, Ho Sub Lee"****

1: College of Korean Medicine, 2 : Professional Graduate School of Korean Medicine,
3 : Hanbang Body-fluid Research Center, Wonkwang University, 4 : Brain Korea (BK) 21 plus team

In the present study, vasorelaxant effect of the extract of seeds of Oenothera odorata (SO0) and its possible
mechanism responsible for this effect were examined in vascular tissues isolated from rats. Changes in vascular
tension, 3',5'-cyclic monophosphate (cGMP) levels were measured in thoracic aorta rings from rats. Methanol extract
of seeds of Oenothera odorata relaxed endothelium-intact thoracic aorta in a dose-dependent manner. A
dose-dependent vascular relaxation was also revealed by treatment of ethylacetate, n-butanol, and H,O (aqua extract
of seeds of Oenothera odorata, ASOQ) extracts partitioned from methanol, but not by hexane extract. However, the
vascular relaxation induced by ASOO were abolished by removal of endothelium of aortic tissues. Pretreatment of the
endothelium-intact vascular tissues with N®-nitro-L-arginine methyl ester (L-NAME) or 'H-[1,2,4]-oxadiazole-[4,3-
o]-quinoxalin-1- one (ODQ) significantly inhibited vascular relaxation induced by ASOO. Moreover, incubation of
endothelium-intact aortic rings with ASOO increased the production of ¢cGMP. However, ASOO-induced increases in
cGMP production were blocked by pretreatment with L-NAME or ODQ. The vasorelaxant effect of ASOO was attenuated
by tetraethylammonium (TEA), 4-aminopyridine, and glibenclamide attenuated. On the other hand, the ASOO-induced
vasorelaxation was not blocked by verapamil, and diltiazem. Taken together, the present study demonstrates that
ASOO dilate vascular smooth muscle via endothelium-dependent NO-cGMP signaling pathway, which may be closely

related with the function of K* channels.
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91x}  (endothelium-derived factor:  EDRF,
endothelium-derived hyperpolarizing factor: EDHF,
endotheling) & £Qaxto|c}. S3] ¥ BTN @ U
MNZx4 o]&9lxl (endothelium-derived relaxing factor, EDRF)
9} oA =ZA 4F9X (endothelium-derived constricting
factor)?] W& 2 “’J}-’S a3 985 oy ¥3A do

. o]3st EDRF % 3}9l nitric-oxide (NO)= 3 UoAx
Qo] B 4 2L FFRAPAY e So2HE AEY
o]A]1, NO synthase £9&40°] =#rgo] ol&] ofm|1AtQl
L-arginine2 2 ¥ E 3= NO= YO A oA L-arginine®
Z8E ASHAA a4 (nitric oxide synthase, NOS)of| 9]5f
A El=d AE NO+= soluble guanylate cyclase (sGC)g &
As}sto] cyclic guanosine-3,5,-monophosphate (cGMP)9] A3
4E 57 AA AEZAZAAE S5 ¢ FFIEZ o) Ao
1dY Rgo] AMEE0] 2 organic nitrate?] &2 J}8A4
guanylate cyclase (GC)Z ZA3HA|AH cGMPE ASAIZJoZH
o]f0]A]8 H]&A ZAr2 (nonenzymeatic reaction)o] 2]3] NOZ
TAA7]2 2, EDRFY @3 o|AAEE GCY /o] 2§t cGMP
o g Aoz WA, ol J1He Fotol Iol FA
Z&g0| GCo]| uj7/iEd NO/cGMP FHzo] g Fold auts
UEt=A] gotd7] 9ste] A4S A5t

2ato| Z(Oenothera odorata)2 ‘FotHla]717F LAtx|ol Hst
AE39 stuz A=x9 xS0 98] AAstal o, vhsZ
SH3f|Ato| = JQto|Z  (Oenothera odorata Jacq), Z@qto]Z
(Oenothera lamarchiana Ser), O©f7]2%to]Z& (Oenot]zera
laciniata Hil)9] £x2 YZAAHARF)D 71250},
Ao BL 24g F&5to MR o I ofemy ﬂlTu‘)ﬂ
AHgEl D Qu?, 2xet ouw7kAArel ZHuta)EAt (v-linolenic
acid)o] 7-10%, 2]=Ar (linoleic acid)o] 65-75%, 1 2o 23|
o)At (oleic acid)x} Zo]€4t (palmitic acid) 22 JEE0] o
Z3tgo] Qlo] stAtslE w23t aeH? st W stolnt 7+
chFet ARlgde Uepdctky A o A 201190
B 2 AR A5 Soto] WAL o FE80| A=
35Mo Fdo|gho] amFde Rustyct. Bl E44 40f

740 T2t Algd &0l Zitke A Aotsto 44
A FEE9 fEAECl ol /49 LuloA &AE Hol&A] &
QstalAl & AFE X3Psiiet. 1oz phenylephrme A A2
2 5 WS SYTTAA GA% 22 £5ES olgato
2@ olgha s sl 1 AgIIHS Wl At Bt
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1. AJe}

o] o] AF2E acetylcholine (ACh), phenylephrine HCI
(PE), N°-nitroarginine L-methyl ester (L-NAME), 'H-[1,2,4]-
oxadiazole-[4,3a]-quinoxalin-1-one  (ODQ), glibenclamide,
tetraethylammonium (TEA). (%)-verapamil HCl, diltiazem,

3-isobutyl-1- methylxanthine (IBMX):= Sigma Chemical Co.

(St. Louis, MO, USA)ozHH,
Cookson Ltd. (Avonmouth, UK)o. 2 HE| 15}o] A}L5}%ct.

4-aminopyridine2 Tocris

2. 37 £589 28 Az

AAR 1.2 kg2 F5 FHAA FAds 12 L9 wEE
(Voucher number; HBH 171-02)2 1347t —’}‘—%?j 3 3AA
ALEF71E MBS 5019t s53H &% ek A
71 & n-hexane & (1.1 g, HBH 171—02—H), ethyl acetate®
(14.73 g, HBH 171-02-EA), n-buthanol® (13.43 g, HBH
171-02-B), H,0% (6.22 g HBH 171-02-W)S 77} 2Eatich
(Fig. 1). 015 olgaist £ H,052 ol gsto] APL WYs

At
Seeds of Oenothera odorata.
(12ke)

l Methanol (121)

( Methanol extract )
I

Hexane Ethyl acetate n-Butanol H,0
(lg (1473¢g) (1443 g) (622¢g)

Fig. 1. Scheme for fractionation of the methanol extract by seed of
Oenothera odorata.
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71735t Sprague-Dawley YA (227 <F 250-300 g)E AZE
2T ¢ 3 FYUEUL welstach Y FRAEWL At
Krebs €9 (pH 7.4)0] 93 97 53} Kl‘%}g AAS & Fu
GHEME o 3 mm Zole] WHoE WEYC, B BY2Y A
Aol MAEAH SAE Yl Krebs £ (Krebs-Henseleit
Solution)2 Argst¥on, 7 xAHL 118 mM NaCl, 4.7 mM
KCl, 1.1 mM MgSO,, 1.2 mM KH,PO4, 1.5 mM CaCl,, 25 mM
NaHCOs3, 10 mM glucose©]il, pH= 7.42 Y A5t}

an

4. %

nek
i

B39 5%

FH5W AHo] 95% O 5% CO, EF7IARZ ZFHAZI 3
7°C9] Krebs £90A 1AHAZI IS isometric tension
force-displacement transducer (FT103E, Grass Instrument
CO) & Agstded, &g A3 7154  (Power Lab;
ML870/P, AD Instruments)ZS o]-&sto] o] AL ZA51Y
oh. QA% 2529 olgaws FAsH] A, FROSY FH
1 g9 7|4 71IR¥=E B3}t 102 7HH02 Kreb'sfHg wgh
3l UM 9027 BPFE AAANZRT. LT 1A AP0l {RIEH 1
uMe] PEZ 587t £&FA|7]11 1 pM9] cetylchohne (ACh)o.2
O|ZA|A o]&-Eo] 90% o]0l
A 4o Aoz WAt AH
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5. ¢cGMP9] &8

FEOEY ML 95% O, 5% CO, E¥7t2E 333 59
X Krebs £doA 307t HFS Al & 100 uMo] IBMXe} 1
IMO] PES ‘ol 5 871 o BYL A ¥ 52 YAR 55
€ 10, 30 1213 100 pg/mig M2 sfo] 487 WS ATk
o mAle utz AR "aol o] W XA F 70
B 5 OMP 5E 570] o83k 2o (weight)S
b 2% 6% trichloroacetic acid (TCA) £A] 35}ofA]
71 3 13,000 goflA 15237 AA &5t @2 F5AE
Z3lEl  diethyl etherZ o|83l0 33 F&3519c. F
Speed-vac F&7|E ©0|-&3to FH3AL cGMP FH2 ¥
BAWS ol gete] BAstL 7tks] AYstu, Aot
€ 50 mM sodium acetate &58£% (pH 4.8)0] %=
100 ul 7b =A F7gt & 100 pl o A" cGMP
(Calbiochem-Novabiochem, Co., San Diego, CA, USA) ¢}
1251 71 A" cGMP (10,000 cpm/100 pl)E &4 Y2 & 4°C
oA 24X7F WESAIZICE BAIS AW 1251-cGMPe} ¥] AT
1251-cGMPL charcoal2 o]&3lo] 225ty ol Y-7IEHE o

$3l0] WA FYSIAL,

VS

[ENE]
o% 2 mo rE 12 mo mX o 3

5=
oo M 3 mhr
2 O A 48 rlo o o ror o

6. &7 A2
L ZAZ 2 Sigma Plot 10.0 =2 738-& o
as5tgon, Ay A= Students t-testS £5}0] p-value’t
2 o3t xpol7t Q= Aoz WA

A = S ZotE7] 9
g2 PE (1 pM)ez 253 & 5= &4
2z oA olgants
B (Fig. 2A), 3 ait= YgANEZ AA A] o|gaiwts e
WAl 49chFig. 2B). ¥ ZuE vigez F8 £52%5 H0
5 (ASOO)2 olgsto] §RUEHAA ojgans A 2
100 pg/ml =04 98.8 + 0.88%9] ol¢airt Uelgon, 7]
g FotEuxr AYFE § AdPshA =AU
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2. 3% YAZ 9EF og 2w
UM UYL HlFoE ASO0Y P olgame s|He Lot
u7] 9lstol APS NFSALL Krebs SN A WA F

Ho&® AW phenylephrine (1 pM)2.2 £5%3% § ASO09]

S5 oEHY W ol NS SRY 2, 5E JFEFoz
L oG (Fig. 3A). £8, BW UYUNEE AAR
ASO0| ¥ olgt mWE 58Y ZAw, olgaW} MY 7
2 Hob IT YL I EHAL FAsAckFig. 3A)

o o net

o883

o
1
C
1

Relative Relaxation (%)
S
1

Relative Relaxation (%)
g
1

-@- McoH -@- MeOH
—O— Hexane —O— Hexane
80 ¥ EA 80 1 9 EA
>~ BuOH —/A~ BuOH
- H0

-l H0
T T T T T 120 mT—T—T—T—7T 1
7.0 6.6 6.0 5.5 5.0 4.5 4.0 7.0 6.6 6.0 55 5.0 4.5 4.0
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Fig. 2. Dose-dependent response curves of the vascular relaxant
activities of methanol, hexane, ethylacetate, n-butanol, and H,O
(ASOO) extracts of seeds of Oenothera odorata in endothelium-intact
(A) or —denuded (B) aortic ring. Each value show mean + S.E. of four
experiments.
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Fig. 3. Dose-response curves on the vascular relaxant effect of ASOO
in rat thoracic aorta in the PE-precontracted endothelium-intact (+)
or endothelium-denuded (-) aortic ring. **p<0.01, and ***p<0.001 vs.
vehicle. Each value shows mean * S.E. of four experiments.

3. ASHA A 3 &4 9 sGC (soluble Guanylate cyclase) A
Al @3 ol i}

ASOO9] 3¢ ot aupyt FUUMAR Jf 4st a7}
cGMPY] A/ Fotrr] 9J5to] y] Eo|xQl Mshd4a o
9l L-NAME (100 pM)®} guanylate cyclase 2A|AIQl ODQ (10
uM)E A Azsta ASO09] i ot aatg EAsIY. 1 A
3, Qs 2229 ¥ olg mI: L-NAME 2 ODQd| 9fa
A 3] A= UcHFig. 4A).

4. cGMP X34 &3t

2059 FHA cGMPS] AAo] ASO07H JaFe njxE
A2 Waet7] 9lsto] in vitroAlElolA cGMP A4S EA ot

th. 3 Zat, ASOOE A2t @2 Zofl vl Foidt #2 &
3t b =ojx
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St A AAIAIQ L-NAME (100 uM)¢t guanylate cyclase 2A|A]
ol ODQ (10 yM)}E AAZ g & ASO09] cGMP B4FZ &

2 Zat, ASO0E T=o= ANt Fof vlste] A 3t oA
cGMPY] Ad3ol 5974 A T4t THFig. 4B).

A B
-40 7 P 20 1 ASOO (100 pg/ml )
*ekk
= * sesene Kdx KEE PR L-NAME ( 100 pM )

*kk
< A £ opeaomn —
= 04 S E 15+
S E= i~
= g 5
2 g3
= 40 1 £ 5 104
S =3
=4 o o
@ ]
= ==
= 80 7-@- venicke 2 g 54
é ~O- L-NAME (100 uM ) = #

- ODQ (10 uM) #
120 2 T T T T T . 0 - I:l = L

7.0 6.6 6.0 5.5 5.0 4.5 4.0 V. L+A O+A A

-log [ ASOO | (g/ml)
Fig. 4. Dose-response curves on the vascular relaxation induced by
ASOO in the PE-contracted thoracic aorta in the absence or presence
of L-NAME (L+A) or ODQ (O+A). *p<0.05, and ***p<0.001 vs. vehicle;
#p<0.001 vs. ASOO. Each value shows mean + S.E. of four experiments.

5. 8% &% 9A) ax

ASOO7} PE°] 9gt B 2&0] JFE UlXE=A] Loty
9lste] 0.01 £ 1 mg/ml9] %o ASOOS HA §
phenylephrineZ & Q&H02 Zoj5llZ I £52 v
Hokch 3 A3k ASO09] 9sto] PEO] o5t £53L sk 9FE
o2 ZFAAZ} (Fig. 5).
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Fig. 5. Effects of ASOO on the PE-induced vascular contraction in
thoracic aorta. *p<0.05, and **p<0.01 vs. vehicle. Each value shows mean
+ S.E. of four experiments.

6. K* £E2 9 LY Ca” B2 A ol &3}

ASOO09] o o|¢t &3P} K 529 g&o] QA gotwy]
olsto] u] MEER K* £z dAdFFel TEA (100 uM) &
4-aminopyridine (100 pM), 12]1 ATP-Z4/d K &2 AHA
Ql glibenclamide (100 pM)}E& & 2]t ojgaits AmE 2
I, ASO09] @ ol &yt JolsH e oz selst
AcHFig. 6A). LY Ca* 5290 AWAg Fotwy] ¢t LY
Ca* &3 AR}IA|Q verapamil (1 pM)T} diltiazem (1 pM)E %
A2sto] R ZAd, ASO09| o|gE#r} RTEA ot A

mlo .

A B
—@— Vehicle

—O~ TEA (100 uyM )
—F— 4-AP (100 pM )
—\— Gliben (10 pM )

—@— Vchicle
—O— Verapamil (1 uM )
—WF— Diltiazem (1 uM )
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Fig. 6. Dose-response curves on the vascular relaxation induced by
ASOO in the PE-contracted thoracic aorta in the absence or presence
of TEA, 4-aminopyridine (4-AP), and glibenclamide (Gliben). **p<0.01,
and ***p<0.001 vs. vehicle. Each value shows mean + SE. of four
experiments.

B A3l AAA HEL 2522 n-hexane, ethyl acetate,
n-butanol, H,050 =2 —E—E}%}ofl deo xz2c0] "wixo FHO)
SHoAN EH ojganE & 3 Z3}, hexaned2 A9
3 28 S04 olgrais}t Uepton], 1 Azt UNAE o
Moz Uepdrh. ety “9—1.%011 A gojo] wat olgtant g
Uehte 2e dlstgln, ¥ A7dME WA HO03F 552
(ASOO)y2 A=isto ““1\1—] FRUsMWoA E& oj¢ay 2 1
7170] djsy "e*o}i‘?lﬂr-

aW Yuqze 389 B4 A2 Sxsted Fed oY
2 olof, @&/ A QURHvasoactive factor)so] 9Jsto] IFJEE
Het A ol2d E@ FY  Axle  AFEPEA(NO),
prostacyclin, YA x & 322 QA} (endothelium-depent
hyperpolarizing factor, EDHF) So] ¢ajq QcH®. dut g48
UEe 3W olgo] JFS D2 FLno] o] By WY
gAshed FR8 e AL AR Atk YA WARE 2
%7] 8¢e W3 Y’ it Jotn B =9ly] g
ggolge &3 U J1HS Felste Re FoF A7 2 Aol
o ©etAq ASO09 dE# ojgaibyt UmAx 2 FAAREA
ofall UepteAl glah] sl Ade Wsdetgln. A xAe)
oA zE &3t ol aws =lshr] sl Aoz oAz
£ AAste e ‘J%&‘i A}, ASO09 ¥ ojgau: 9A
s AUsch 198 JE A7 Dot YEARE IAR 3
T ASOOC] F ols& a3t YHAE ojEdoln o2 5o
18 5t A oz Atk T3t E3 YoHx g
o ol QAxtEA Y 75t 171 & NOL: L-arginineQ 2 HE
A}?_]-X]A 3 A (NOS)°1I oste] AN} & Ast A A4

A (BNOS)E MZAT A2 LeA u, A Agshe
wiﬁg REEPY zg a4 (NOS)Y # UmAzo] F2 Rms}
WA ACho| 5] &/dste]o] FAZ o|AAES Sty LA &

el ook ru?,.
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o GAE 9o AsbEs YHEA (eNOSP] AVHA SHEAE
EAQALY. eNOSE: ArAe FHgY Tohdy mestas
(soluble guanylate cyclase, sGC) & &3t A]AH cGMPQ] A4
2 Z7MIPIE As REAAE 5o an BE2L olg AT}
7.2 AFdA ¥]5o|&Ql NOS AA|F|Q L-NAMES A 2]
o5 AS009] oj¢t it AR5 AAEL Aoz Hol P o]
¢ matt AebarAE Fgeto] Lolbe Aoz AeaL

NO/cGMPAS] 3l2¢ B¢ Wiolgahye J¥WA A¥S
Azsted o] Fo% oug Adch NO 4o Aak W
GuAZe TS Aot &40 ot Hoz SURsFolt 1YY
o o3 Weld agoz Beh & AY 52 2Po4 NO TA
240 YA A= ¥, VY 55 AT LA
ot watd, NO/cGMPA7} ASOO0] 93t E# o|gh it
ToJFTtH NOQ NOo| 9Jsto] &/dst He sGC EZH ASOO
o3t ¢ ol auto] #olF oz AtrEo] NO FAAAAC
L-NAME®} sGC 2A|A|Ql ODQE A 2] 3t & dyo|Y¢ &t
E73 21, ASOO] 93t ¢ ol auprt AAE . AT}
in vitro oA @ xA 1 ASOOE uH2A|7]1 A} Ho|A cGMP
o] 7ol 571stRiaL, o] JA] L-NAMEQ ODQof| 9Jsto] A
15K 7,12; 8013191 7]0] ASOO: NO/cGMP A= 78ste] &
ofLn 1 ¥re.e cOMPe] A4 A7to] o8 AL ojujsit.

R o]%}oﬂ 9lojA K* E22L Ca’-activated K' §2
(Kcaz+), ATP-sensitive K* (Karp) 52 50| 9+d], UYgAz 9
£ WEZ QA  (endothelium-dependent hyperpolarizing
EDHF)= XK' &2& 4% A7l % 325
(hyperpolarization)2 R&stA ©ct. K* 29| /st 93t
Ko Az W {F&E2 Az #HEIE Lo#, voltage-
sensitive Ca? £29] 23435tz ojojA HIZAZ Y Ca* =
£ Zag xdEHl 91 ARS AW olge SushH] op.
ASO07} o]@3t olg7|xlo] Tofahr] Amur] gistel Kol
st AAA2A H] Eo]A K X}EA|Ql 4-aminopyridine, TEA
9} K'arp TH2 A}HSH= sulfonylurear] 229l glibenclamideS
olgsto] olghmite Amugic 1 AW, K'52E AUIC2H
AS009] o|gHa s} AL AS EHANAT K' B2 5 K'am
gato] olgmuE Holt Hoz Aagd.

AEA oted] 2 al £8&A0| %-&3t= phenylephrine
< Gq @45 Z{5to] phospholipase-CE &8t A|A Al=z%
9] phosphatidylinositol-4, 5-bisphosphate (PIP;)E 743l
sta, A Ay 27HQ inositol 1, 4, 5-trisphosphate (IP3)2t
diacylglycerol (DAG)o] A€t IP,= HZY Ca® ARR=R
BE Ca? 82|28 £x5t1 DAGE protein kinase C (PLC)S &
st AZich g2td 289 4250 7Y £23 AR FAZ A
ZY Ca®?*2 %7t Z7stW calmodulindt Z%sto] myosine
light chain (MLC)Q] QI4tet2 £XAIA FHIZE FFAUG,
oj2jgt o] g uiger phenylephrinei’l £Z4E30] ASO0 9
sto] & oEXNoz [osHA AAIES =AF Zah, ASOO
ostol SAEE Hest] ofel FEH al 283 s
A & 4 Yok W], L-Y Ca* B2 5T ¥

factor,

o

2
0%

_lml

e J

E2A
o
A

»Z

r.l

ol QJEA Loty st L-g Ca* B2 ALAY
verapamild} diltiazem2 A X 2] st & W o] gt EAHGH
23, ASO09] E# olgfate AMHEHA] ¥ ZoR Hof L-§
Ca™ B2& #oJstx] o Hoz st metx ASOOE
oA zo] EAIste ot=Ed ol £&A0] diste] AR A%
st aats 5o NEY Ca* 99S AAAA ol auts
Bolchy & & 9o

ojAte] ZAiuts EJSHH ASO09 I HEL ol 71A
YA LofA o] NO/cGMP F25 &3t A7|L, K'arr 525 &
g FWolgaTe Yepdtn ¥ 4 ot mehy, 2 Age
slol guro]sz}on gedt auts olstglonz goz HIEH
gse] A70] & 3

r|o

go}mo

2 Uy AE 9EHoz WY Y
P22 olgA 32 252(AS00)2 M stol
1R gob Auw, B olgmT: ¥E oEFoz uehych
8 27N cGMPY AHZ 37tz Fuolgant Yoly
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