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Studies on the Effects of Evodiae Fructus on the Cardiovascular
System in N-nitro-L-arginine Methyl Ester-induced
Hypertensive Wistar Rats

Soo Youn Chung”, Sook Young Yi, Tae Moo Yoo, Mee Ryung Ahn, Hyun Jin Choi,
Myeon Woo Chung, Hang Mook Rheu and Ji Sun Yang

Department of Pharmacology, National Institute of Toxicological Research, Korea Food and
Drug Administration, Nokbun-dong, Eunpyung-gu, Seoul, 122-704

Abstract — The present study examined the effect of a methanol extract of Evodiae Fructus on the car-
diovascular function in N-nitro-L-arginine methyl ester (NAME)-induced hypertensive Wistar rats after
treatment over 6 weeks. In rats treated with NAME, blood pressure, weight of heart, aorta media thickness
and media/lumen ratio significantly (p<0.05) increased, whereas coronary flow and heart rate of isolated
heart significantly (p<0.05) decreased compared with control group at 6 weeks. In rats treated with NAME
and Evodiae Fructus, blood pressure, aorta media thickness and media/lumen ratio significantly(p<0.05)
decreased compared with NAME treated group at 6 weeks. These results suggest that Evodige Fructus is
applicable to the treatment of hypertension and vascular hypertrophy.

Keywords [] NAME, Evodiae Fructus, Hypertension, Hypertrophy.
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-5 (Evodiae Fructusy= &7 (Rutaceae)ll <
3t Q-F-(Evodia rutaecarpa (Juss) Benth.), 33 (Evo-
dia rulaecarpa (Juss) Benth, var. officinalis Dode.)
9} 2N Q = (Evodia rutaecarpa Benth, var. bodi-
nieri Dode.)?] "1d5aag AxgH Flojok 2 wjje]
L5 (Evodia officinalis Dode )= Sgito 2 ok
T2 5og) Adska = A Ee|thY o5
evodiamine, rutaecarpine, evocarpine, dehydro-
evodiamine®2] #/4/d%<l alkaloid®} evoden, oci-
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057} uALA G0 k] A g0 2}
$513 glont 7)xol WaskA sk, the) AT
569 WashETE WntPs Qout By
SEAE B0 ATE Qo Wastaziel 7
Zol Masic). BUHe PRILALo] e w3}
71g Astel Pl S8 ZINke nlis] 9
3o} B NAMES 677 Tolsle] malelsgn
GBS st ol olgslel @4-RvF et W
Azkgel gloln Bepast, AEAgel A B 4%
vhge] Pzl et 9L vl s,

YUY

HEEE % ASZA - AN A¥EEA
Aol ke 5779 Wistar A= F5& &%
T2°C, 5 55+10%, 12A13F 2HF71e] 25}l
AGHOE ARRSle] 1275E Adel AMgEien, &
I AbEE ARl AHE ¢ ASE FE3] Fch

AHZ % 717] - N-nitro-L-arginine methyl ester
(L-NAME), Krebs-Henseleit buffer, ethanol<- Sigma
A} AlE-E, ketamine hydrochloridet= -3tk A1 Z-S-
TUE] ARSI Estt AR 342 blood
pressure monitoring system(Muromachi MK-1000)2
olgate] FAallct. A% A 2, W ¥R
2, A8 %742 Langendorff apparatus system
(Hugo Sachs Electronik)?} Animal ventilator system
(Harvard Co. Model 683)> o]-&slol S35}

27F EHAMRS MXE - 257 SRekEnldelA
T3k ARSI 2447 1kg el 95% methanol
8 1% 7¥sto] oF 72AIF Aol WAl &% T
FE2NE 60°CollX] oF 90 B9t THS F THAS
speed vac concentratorg ©]-g43k] ZF/ddlelA ¢
16717t 52t Y2 methanote @B} HE 328
S dglon FEFS 11.8%01%th 25°% methanol
FEE 1%2 DR Yol ERIEE Az
o ZHEA AdFSREE St

= 22 ¥ FO7|Z - va B LOF o
673t Foiste] ATt

(1) T IRtk 878 AdF A

(2) NAME ©55017 : URIALE 9 NAME(40 mg/

100 m)A7 R85 AFAIR
(3) 25f/NAME -850 1 1% 5137 ks

S

9} NAME40 mg/100 m)) H7} 382 A3
Azt
et ¥ A £H -3 AUk Blood
pressure monitoring system= ©|-g3&}o] v|irbyE
Aoz E3st] %718 Systolic blood pres-
sure), HF % (Mean blood pressure), ©]¢H7|det
(Diastolic blood pressure)¥} Alu}<*(Heart rate)E
71531t "5 2] 35°C) preheating chamber
of 1587 Yol YA AES wPEe do] Hy
gk 3719) tail cuff sensors #elo] 718 3 584
= 30 AAI ¥ g Sk 8y &4
chamber]?] 2%+ 33°CE U311l 4~63) =4
ste] PAaks 7|15
Langendorff apparatus® O|28F H&AZto| A
et &3 - Wistar 1=F ketamine hydrochloride
(300 mg/kg, ip)= VI AIZI%- 7|25 ZAsl] 7}
HES A8t Q¥ &3 Harvard Co. Model
683)ell AZAgE eellA AU 9 7S Aot
HAol Z HolEF RS AASL forcepd
aorta¥l 2 719 T8 THAE doJEF inferior
vena cavaE clamp® A% Hol%E Aol ascen-
ding aorta®] aortic cannula® 4¢3t carbogen
95% 7tas, 5% olitsterayo =z xshd 37C9
Krebs-Henseleit buffer(mM : D-glucose 10, magne-
sium sulfate anhydrous 1.18, potassium phosphate
monobasic 1.18, potassium chloride 4.74, sodium
chloride 1185, calcium chloride 2.5, pH:7.4)2
ascending aortas E3l] HAE retrograde® T
AIZIHA e Ape] 4Eske] 70 mmHgS 5%t
3loll Langendorff apparatus systemel #4&}gic}.
4 A%k (left ventricle pressure : LVP)Y& &4 3}7]
$J&F] pressure transducer(Hugo Sachs Co. Plug-
sys Type 660)2 AHE 50% ethanols 7H5 A2
latex balloon(Hugo Sachs Co. size 5, volume 0.1
mlyS pulmonary veins E3}0] left atrium, mitral
valveE FA1A FAldel ARlsisint. ofwl #alale]
end diastolic pressures 10 mmHg= 1435kct. 4
ub4(heart rate)t heart rate module(Hugo Sachs
Co. Plugsys type 669)3} differentiator(Hugo Sachs
Co. Plugsys type 664y F3td Fdasetel wHslz
8 FHA39h ®d dFH(coronary flow)S

electromagnetic flowmeter(Narco bio system RT-
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500)% aortic inflow lineol] AAsle] ZA3%ct, 31
AR, #AF gHS, AerE recorder(Hugo Sachs
Co. Linearcorder mark VII WR 35002 715313
o AEE HEFE 308 B HFIAANF 7
parameters 71535t}

HME W gie| 2A &, tisYe| XH ¥ A
Y - A3E HEsl 9 AARAE AAT F
chemical balance(Mettler AE 20002 FAIE %73}
gk, thisde Zo] 1emZ ZEA 43E-S Kimwi-
pes® A 7|3t th2 chemical balance(Mettler AE
2002 FAE St tieiE AFHs 10% F
AR 1597 ste] gasg 3 0T
BepaiA APgsioict. AP 22 g@ex|$ 9 1t
g AENYE AR gt Eog & FA 3~
S5umAER s 1§ SuEAd-c Al ¢
A sle] Felgu|gd oz AAslgr). SutEAY o
oA A% thEW-S Image AnalyzerZ 27, 57
9l Media lumen ratios g3l

SAHEEL 24 - 2= A8 ZHI= Student's t-
testz EAA TSR0 p<0.05%] A$ #-2Ao] 3}
ok Bt

ChEE

HE ME % S8 MY -67 B dEx2LS
101.2+3.5g, NAME 955072 68317.7g, 25
F/NAME #8572 81.0149g8 AF F7t
#2=% oM, NAME @557 94-7/NAME H
LEFL tfF7o) vl p<0.019) F2l3t A5
A7} WA Table D). 65 3% 19 et AkEA
ke txFo] 21.8+05g, NAME ©EFo{ T2
20.7109 g, L5H/NAME #8572 246108¢g
o7 7Rt FAAS SlUth(Table D). 657 &<t 19

Table I - Body weight, chow intake and water intake in Wistar
rats after 6-weeks treatment with NAME alone or in
combination with Evodiae Fructus

Parameter Control NAME NAME+EE

Body weight gain (g) 101.2 = 3.5 68.3 T 7.7**81.0 + 4.9%*
Chow intake (g) 218 £ 05 20.7 £ 09 246 £ 08
Water intake (m/)  58.7 % 45 675t 36 61.1 £ 19
Values are mean * standard error (n=7~10)

Nw-nitro- -arginine methyl ester

NAME : EF : Evodiae Fructus

*p<0.01 vs control group
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B S&-AHe x| 58.714.5ml, NAME
HEEALL 675£3.6 ml, 2FF/NAME H-E50]7"
2 611119 miEA ZREE F8S SiRlTh (Table
D. 18 of Fol832 5g/kee] i, NAME 433
22 70 mg/kge AT}

FRIIEel - Uzl FEIIEYS 65 1t A9
W37t QlSich NAME ©HEFoi7e] 557|852 o
Zto] vlslel BE p<0.019] #-o3 5t wE
godrh. 25-F/NAME H850)e] 5718942 o
Zo) 1]3led p<0.012] FJ3 Fgdsol] wEE<S]
o9 NAME @EFojFd nlshe] 25, 3504
p<0.052] 2ol st azt ek, 47
A= p<0.018] ol d9dstant Bt
(Table II).

mEgel - dxre] P8k 67 B9 A W
37} Qi%lt:. NAME ©hs5-Folre] Hadete: uizrt
of H]5l] p<0.019] 2% dPdsol AU
247/NAME ®-4-5079 Hadehe izl vl
3l p<0.019] FoJgt S WERAT, NAME
GEET HIEl] 25, 35, 455, 554 p<0.05
o] frolgt dedslrt wEkE {tk(Table 1),

KA |¥eL - dixwe] AV ENE 67 B3t A9
H3PE 913drt. NAME ©s5oirte] 27189k o
Zaroll uldle] p<0.019] g FE7t B
o} 25/NAME 885F0fre] P78k oz
of Hlgl] 15 p<0.059] F2%F HPdso] YER:
Il 27, 3%, 47, 57, 67 p<0.012] fFolF "t
Abzol e 9l ow, NAME ©550i7o]| Hlslo] 2

Table II — Changes in systolic blood pressure in Wistar rats
during 6-weeks treatment with NAME alone or in
combination with Evodiae Fructus

Systolic blood pressure (mmHg)

Control NAME NAME+E.E
before 1118 £ 76 113.0*+94 1100 =77
1 Week 1125 £ 66 137.7 £ 89*F 1285 £ 12.0**
2 Week 1225 = 14.4 154.6 £ 12.0%* 139.9 = 15.6***
3 Week 127.8 *+ 20.8 163.7 = 17.6** 140.4 * 9.2%
4 Week 1176 = 41 177.1 £ 22.3*%* 1462 + 16.9*+**
5 Week 1200 * 15.2 155.8 & 33.1** 146.8 = 15.0%*
6 Week 1231 * 133 171.0 = 12.2%* 159.1 * 16.5%*

Values are mean T standard error (n=7~10)
NAME : Nw-nitro- -arginine methyl ester
E.F. : Evodiae Fructus

*p<0.05, **p<0.01 vs control group
*p<0.05, * p<0.01 vs NAME group.
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Table III — Changes in mean blood pressure in Wistar rats during
6-weeks treatment with NAME alone or in com-
bination with Evodiae Fructus

Table V — Changes in heart rate in Wistar rats during 6-weeks
treatment with NAME alone or in combination with
Evodiae Fructus

Mean blood pressure (mmHg)

parameter Heart rate (beats/min.)

Control NAME NAME+E.E (mmHg) Control NAME NAME+E.E
before 744 £36 742 £ 40 749 £ 56 before 3442 £ 262 3936 £ 17.7 3589 * 11.1
1 Week 80537 963t 64%* 064 + 3.9%* 1 Week  399.8 = 11.6 346.0 = 10.4** 299.3 & 17.7**
2 Week 728 =45 1240 £ 33% 1074 L 24%** 2 Week 3868 £ 9.3 337.8 £ 9.9* 3012 * 7.8%+*
3 Week  79.7 £ 25 1337 £ 2.6%* 114.7 £ 2.7%+** 3 Week  387.4 = 10.1 344.8 = 9.3** 3173 £ 7.9+**
4 Week 744 £ 3.7 1430 £ 48* 130.7 + 6.2%+** 4 Week 3610 = 84 334.4 * 12.0** 306.6 = 159*+*
5 Week  90.1 =19 1454 * 10.5%* 114.2 £ 4.2%+** 5 Week 3825 * 115 367.9 £ 186* 317.1 = 12.9*
6 Week 814 =33 1205 + 38* 1186 + 2.9** 6 Week  394.0 = 122 3483 £ 16.7*% 302.7 = 11.4**

Values are mean T standard error (n=7-10)
NAME : Nw-nitro-; -arginine methyl ester
E.F.: Evodiae Fructus

*p<0.05, **p<0.01 vs control group
#0<0.05, **p<0.01 vs NAME group

Table IV — Changes in diastolic blood pressure in Wistar rats
during 6-weeks treatment with NAME alone or in
combination with Evodiae Fructus

Diastolic blood pressure (mmHg)

Values are mean = standard error (n=7-10)
NAME : Nw-nitro- -arginine methyl ester
E.F.: Evodiae Fructus

:‘;p<0.05, :zp<0‘01 vs control group
p<0.05, ""p<0.01 vs NAME group

Table VI — Left ventricular pressure, coronary flow and heart
rate recorded from heart isolated from rats after 6-
weeks treatment with NAME alone or in com-
bination with Evodiae Fructus

Control NAME NAME+E.E
before  54.7 £ 6.2 58.9 * 6.0 547 £ 78
1 Week 599 +55  79.3 * 6.6* 78.7 = 5.4*
2 Week 486 * 62 110.1 = 8.1** 84.9 £ g5%*#
3 Week 551 + 48 1163 = 35% 1005 T 4.0%+**
4 Week 506 =58 1294 * 3.8** 1018 £ 4.0%***
5 Week 780 £50 127.6 = 22.8** 1013 * 55%+*
6 Week 622+ 48 953 & 10.4**  99.8 = 3.7*+

Values are mean * standard error (n=7-10)
NAME : Nw-nitro- -arginine methyl ester
E.F. : Evodiae Fructus

*p<0.05, **p<0.01 vs control group
*p<0.05, #p<0.01 vs NAME group

T} 57 p<0.059] Fo)¥ st HEEHAT
Il 45olME p<0.019) Fo)st dUdsit B2
A (Table IV).

At - izt Aere 65 39 A9 st
U3t NAME ©5-5o{79] Aul= ozl )8t
o 57oA p<0.059] fFoldt At VRt 55
S A9 1700M 677H= % p<0.019] o3t

Ak dizTed visk 15, 27, 45, 650
p<0.019] feJ3t Hulre) 2kt vebdar, 359}
67l p<0.059 RO Hulee] g vERic)
T3, 27/NAME 85079 A¥l= NAME
ool Hjsle] 278} 47ME p<0.059) 79
5k Auleo) ZhaE JEPT, 3FellM p<0.012] 79
HEkee) S UERITHTable V).

o o U i
1o

1o

&

1o

Group Control NAME NAME+E.E
Left ventricular o) 7 4 169 838+ 128 846+ 12.1
pressure
Coronary flow 149 + 12 113 + 24* 114 * 0.8*
Heart rate 2814 + 359 242.6 + 0.6* 2614 + 152

Values are mean Tt standard error (n=3~5)
NAME : N@-nitro-, -arginine methyl ester
E.F : Evodiae Fructus

*P<0.05 vs control group

HEpE| Aol ASHERY W My -
NAME @557 thzgtol nisle] A& &
AEHEFF W Al {old 7havt BEEIA
T A felsk HEL gl 2f/NAME
HEEFS NAME @550 )sle] #ds™
7%, A 9 ke Fols Mst gl
(Table VI).

AHE % g 2, tisYel Y % = -
NAME 55032 thzFo ulsle] AAEAL) &
ot S AEEJAR dis FAE f2e wis)
7} R}k @7F/NAME HE-597-2 NAME @&
Folzel vlste] A 9 dis™ FAE F8 Hst
7} 190K Table VII). NAME $HE50)-8 thz1o]
Hlsle] P £ 9 media lumen ratiod] $9]
3 S7PF SRR g fog " |
St 24f/NAME HE-507-2 NAME |55t
o] nisle] ol F7 U media lumen ratio®)
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Table VII — Weight of heart and aorta in rats after 6-weeks treatment with NAME alone or in combination with Evodiae Fructus

Group Control NAME NAME+E.E
Heart /body weight ( X 0.001) 3.525 = 0.113 4.079 £ 0.147* 3.968 = 0.677*
Aorta weight (mg/cm) 14.7 = 0.80 16.8 = 0.09 16.2 = 0.10*

Values are mean ¥ standard error (n=10~20)
NAME : No-nitro- -arginine methyl ester
EF : Evodiae Fructus

*P<0.05 vs control group

Table VIII — Structural changes of aorta in rats after treatment with NAME alone or in combination with Evodiae Fructus

Group Control NAME NAME+E.E
Lumen diameter (um) 14743 £ 214 1463.9 *+ 41.2 14329 = 278
Media thickness (um)( X 0.001) 85.1 + 24 114.8 * 5.4* 97.9 £ 2.9**
Media lumen ratio 0.058 £ 0.006 0.079 £ 0.004* 0.069 = 0.002**

Values are mean T standard error (n=10~20)
NAME : No>-nitro-  -arginine methyl ester

EF.: Evodiae Fructus

*P<0.05 vs control group, *P<0.05 vs NAME group

F3E 77 AR IA T ddA AL Folg A
7} 1SitH(Table VIID).

O

L9 ARog: 19150 Asahinaso] 08
evodiamined #|¢k o2 A7 Hud sEaddow
+ indole[2',3":3'4lpyrido[2,1-b]quinazoline s 7] &=
5% 3+ evodiamine, rutaecarpine, dihydroevodia-
mine, dihydrorutaecarpine, 14-formyl dihydrorutae-
carpine, 7-carboxyevodiamine, rhetisinine, Wuchuy-
ine, evodiamides-2] alkaloid®} 1-methyl-2-pentade-
cyl-4(1H)-quinolone, evocarpine,
disynephrine N, 1-methyl-2-undecyl-4(1H)-quinolone,
synephrine, N-dimethyl-5-methoxytryptamine, N-me-
thylanthranil-amide, 1-methyl-2-trideca-4,7-dienyl-4

dihydroevocarpine,

(1H)-quinolone, 1-methyl-2-pentadec-6-enyl-4(1H)-qui-
nolone, 1-methyl-2-pentadec-10-enyl-4(1H)-quinolo-
ne, 1-methyl-2-pentadeca6,9-dienyl-4(1H)-quinolone &
9] quinoline alkaloid”} 9t} 1 %] evodin, evodol,
evodinone(rutaebin), obacunone, jangomolide, rutae-
vin, rutaevin acetate, graucin A, goshuynic acid, 120-
hydroxy evodol, 6a-acetoxy-5-epilimonine, 6f-acetoxy-
5-epi1imonine, CGN[P%‘OI 2;5]].% 510_‘ 9\1‘]—19,11.14,172829) EE?_}’
# o)== limocitrin, cacticin, 3-O-beta-D-galactosi-
de, hyperin, diosmin®3} 6-methoxy-N-methyl-1,2,3,4-
tetrahydro-beta-carboline® ©] EA | ch.
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