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Effect of the KH-304 on the Nitric Oxide Synthase Activity
and Erectile Dysfunction in Young Rats

Eun Jeong Lee, Hyun Ji Lee, Hee Seok Kim, Sung Yeoun Hwang*

Korez Medical Science Institute, Incheon

This study was designed to investigate effects of KH-304 in improving erectile dysfunction (ED), particularly in
terms of nitric oxide (NO)-cGMP pathways. After oral administration of the KH-304 water extract, 100mg, 300mg,
500mg or 700mg per 1kg of body weigh for 10days, We examined the expression and activity of two enzyme:
neuronal NO synthase (nNOS), endothelial NO synthase (eNOS) and that act upon the major NO-cGMP signaling
pathway in penile tissue. Effect of KH-304 on cGMP degradation was also examined using bovine vascular smooth
muscle cells pretreated with an NO donor, S-nitroso-N-Acetylpenicillamine (SNAP). Also, it examined the endothelial
NO synthase (eNOS) for seaching effecting period (100mg, 300mg/kg for 10 and 30days) and peak intracavernous
pressures (ICPs) in penile tissues rabbit copus cavernosum contracted by 10-6 M phenylephrine. The severely reduced
peak intracavernous pressures (ICPs) in penile tissues were restored completely after KH-304 treatment, and KH-304
treatment significantly made the latency period earlier. Furthermore, the penile expression levels of nNOS, eNOS
dependent NOS activities and ¢cGMP concentrations were increased significantly in the KH-304 100, 300mg treated
rats. These results suggest that KH-304 with high expression of NOS may be useful in erectile dysfunction.

Key words : Erectile dysfunction, ¢cGMP, Intracavernous pressure, NOS (Nitric Oxide Synthase)
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ATP, VIP, NO (nitric oxide)E0] Q=0 ©
EDRFQ] Sh1Z &l Foll Wt NO &gt
TAE T ATk SEL7]0l Fodle NO=
QIALEA] NOSoll Ql5la] gk woy 84e7]
8l= NO §HJ T4 (endothelial NOS=eNOS)
4 F4 (neuronal NOS=nNOS)7} SAlol| ZH28 )
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&€ 2HE NO-Pathwayo] HHE NOS

(nitric oxide synthase)Q] YHES71E Western blotE AA{SHY
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1. Al Z=A

KH-304= EAM} 524 S¢3e 244 HE g g
glod & 100g0] HA Sl S/RTE SRAANE o 871004 4
AlZE 2814 SEYolX] FETE S AT £, g A 55,
SEMZ HEE AM ZMELE o] AERE AE3IH.
EARRE ki 58249} SgRE 242t U HollA

S ATk
oF 81 7]7]

ALHFZZ7] (Thermo EC) Heating Block, Oribital sha
ker (FINEPCR), A< plAl A4 E2l7] (Hani), d25X&
Shake Incubator (EYELA), Skim milk (DIFCO), Tris base, Tris
Hel, Nacl, Trypsin inhibitor (Sigma), 30% Acrylamide, TEMED,
Protein assay (Bio-rad), Membrane (Hybond), Tween (Daejun
g), Aprotinin (Fluka), SNAP (Tocris), Dithiothreitol (Acros)
ECL (Amersham Biosciences)E ALZ 31121 7} 2 A8l
ALESH Alok2 AIE Wt B BHE SFAUE AHETITE

2. 49 Al

3. AESE Y AREd

24 27 (100~120g)E 5L 48 SEOA B wot A4
YFEdrt 2 3 AY AR gE BE A7l & AEsITt
Organ bathol] A}8% E7) (New zealand white)= 5748 &
R ENE 1 F S37IRE AN AIE0IeH Alg A g
WiEA £E8510 AT AMSER 1SRG dsled &
HATHg ol 7AIRE] Ay 7A] 7HA] 121708 REBIR o
HAUHEEE 18-28TE |FA6INH. e B ES AFEIA
o, AIES} F4e MSskA] Uk
4. AE9 o

12} KH-30455E A8 HFo| 200g (10weeks)4=2 &7
E TRl B 4840 gFUN BE 7IRE AR £ &8
9 A&l wet 7t 7o BAAESE 220+15g o] HEE iy
OF ZtenlZ|N 50 2 E &L (Control) 3 A& (100, 300,
500, 700mg/kg)2 & UhE & 1087 A4S SIUTk

2%} KH-304 717bd A8 1A 55E 8ol 718 £2
42 VEINE =% 100, 300mgS 10Y, 302 S0t AFEN
SiAth A Alo] e AE AIE7IE & Y 24 94]
of £3311, 4ol TS AEdl%Th

&) S246HA B8 48 222 KH-304 61, 183, 549
mg/L L& 7iolo] 82 AT Hals 5501

ZA 9] Nitric Oxide Synthase
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ALE717 £8 & oI 2F ALY Z) desicator
A5l 25 tsM O ERE]
A3 1gke HESN

g2 X1 qAE & &
Al R AAoA] G4

i HU

o

(4TC)ollA} 152 gag 2eloiict 2e
B9} G71= A8 A 7 70T oK BBSINICE A F49
HZ = 200nM Hepes, 320mM sucrose, 1mM ethylenediaminetet
raacetic acid (EDTA), 1mM dithiothreitol (DTT), 10ug/mL
leupeptin, 2ug/ml aprotinin, lug/mL pepstatin, 10ug/mL try
psin inhibitor, ImM pheny Imethylsulfonyl fluoride (PMSF) &
HoflA TS A171 & Y4 BEIsko] (4T, 10000 rpm, 15871
He Gl g & -70To] HASIIC

- = S T

=2l g

&5 g
6. A ZEHH QF

Bovine vascular smooth muscle cell (BVSMCs)Al = F)u}
012 WA FIBIATE 0] MIZE 10% heat inactivated fetal
bovine serum} penicillin (100ug/ml) / streptomycin (100U/m
) o] 825 DMEMoIA] 37T, 5% COMIS7|ollA} T-25 flasko]
HHQFSIATE. BRI 2 20+ 3¢ 7HAQE W FUCE Al=E
= A FLY HESN FATE L2 passagetl S E TR AlE
£ =04 A5
7. cGMP testZ4

SMC (smooth muscle cell) 4 E£2] HE4S 02 x 10° ce
li/ml 2 ZE310] 48well plate] 2+ wello] 242]7F B 2|71 5

ARE sFHEE 10ul ¥ 71515t Positive control 241+ silde
nafilg AME0I 2 24417 o JEHE 3)=5l] cGMP Kit

ZEX]

(BD)E ol&sled

=

ZX 5190 &, (GMP kitQ] 96well platedi O]
g MENES 100ul¥ 713} ¥, conjugate 50ul, anti-body 50ulE
7¥std 204 2417 v UBIATE Washing buffer2 33] A&
GHIL substrate 200ulE 718 & 4204l 1AIE wiBICL
ELISA readerE A28l 405nmollA] EZTE X593

8. 71E S4dlHA Organ bath study

7VE9] o] Z}F el sodium phentobarbital (30~50mg/kg)S
FARGIA UiE A7), SEA0NE SkE ZRE 220l 2
=1

Aol & AANE 7Ie & oA A& FHO| WO ZHE]
23l SZGHA FAE2 P}yrt modified Kreb’s solution

=E =AA
(pH 7.4) 7} ©2] organ bath 9] tissue holderdy mountingsdt

T IAZHHE QFE 3} A171 & 05% CMC (G1)BF 525 pheny
lephrineoi] Olot &zkgol plXl= aHE HF6IMSH 1 x

=& A7 & okdu
ZE£3F (Sodium nitroprusside, SNP)E 10°~10°M7HA 715}
B0 AT E EHEINUCE 1 x 10° M phenylephrine %2)

g g9o 584 12 20l 100% = AHFE6)

10° M phenylephrine®|2] 2 B& HHS

=
A=
oz
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9. Western blotting
Bovine serum albuminS A28} BradfordgfH S ol &8 &
25 THBZ] 30ugE 95CollA] 587 ¥4 Al17] & 12% discontinu
ous sodium dodecylsulfate (SDS-PAGE)-polyacrylamide geloi A1
B7188 okt
A71EEE A2 25yoltol A 241 7F 3082 EQF 0.2pm
polyvinylidene difluoride (PVDF. Amersham bioscience. US
Ayho]] o]l &AlZict AU1EE F membrane blocking buffer
(5% skim milk in TBS-T buffer) Q& 3027} 4204 ¥r&5kd
AHABIGEE. Anti-eNOS, anti-nNOS, anti-PDES (BD Biosciences,
USA) 7} SIS 24)17F B0t 8I2A17] & TTBSE AF&Es8lo] 10
2 1A 07 33 MAGIGCk 24 Al anti-mouse IgG-HRP,
anti-goat IgG-HRP (1:2,000 dilution){(Zymed Laboratories, USA)

& A20A 1A St HkE A7 & AAETAE AN thA] S
H TIBSE 587t 63] MAHGIXTH
ECLEHOZ 287} H_lgb"}ﬂ Kodac® ol 21835l LIE}
it band®] FAE vlaslol A s {5 9 O AlE &
Ske12°)
10. EAIAE
Z5% 2yt AP EE #X} (meantSD)E FA| HI
ol 27 719 812 E {diA1E Student t-testE AHEGI 20
p<0.05Q1 A% FIg AOIZ I B
a4 3
1. A% &7} Alolg# ¥ 4lo]l g8
KH-3042 YRiaFol] 10¢7F A75%o $ 2t 79| AFS
71, Alo] 4% Bl Alo] G2 Table 13 Zrl KH-304E Fol T
olME Ae7iZt & EE3 olyo] giler tiEF viss
Alo] 47} AE £718 Bt o)k #2e 3= KH-3045
ol7h A Ul AR HHE glo] 2 A8d Agete & & Att

Table 1. The body weight gain, food intake and food efficiency ratio
of KH-304 treated young-rats

Group Body weight gain Food intake Food effioiency
(g/day) (g/day) ratio
Control 701£066 2718248 026005
100 583+0.77 2558+1.99 023004
300 6.81£0.36 2752+1.05 025001
500 6442056 26222093 0.25%0.02
700 6.83+£0.39 2812+122 0.25+0.02

Rats of each experimental group were oral administered with water (control) or the
KH-304 at the dose of 100, 300, 500 and 700mg/kg body weight daily for 10 days.
Food efficiency ratio: Body weight gain (g/day) / Food intake (g/day). All values are
mean+SD

2. & HEk =8

KH-304 Sojol] w2 42187|0) 2H Hels £38 2
22223 1E &y FAE tAZH 8lug u KH-304%
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£ ol RO Aole B RUrh (Table 2)

Table 2. Effect of KH-304 on penis and testis weight in young-rat

Group Body weight (g) Penis (g) Testis (g)
Control 318524205 026+0.02 1582021
100 PN164:116 0.25+0.01 162038
300 316.76£16.29 0262002 1652007
500 31537£30.12 026002 157+0.23
700 320.26+18.19 0.25+0.02 1562017

Rats of each experimental group were oral administered with water (control} or the
KH-304 at the dose of 100, 300, 500 and 700mg/kg body weight daily for 10days. Al
values are mean3D.
3. KH-3049] cGMP =54 test

KH-304 €4 ZE 2 SMC cell linedjA] 10, 30, 100ug/ml
o] sL& Aziglkd «GMPE Aelolien (Fig 1) FgiET
£ sildenafil 50pM 2 AME619CE NO-doner®] SNAPE KH-3
04 10, 30, 100ug/ml9] SFEI} SAlofl HEIE IS EF 48
tiETol Hiasled 84 «GMPY Lt AEHCE S7} 6IR

O (p<0.05) KH-304 100ug/ml (1.84:0.16)Q] =T oAl e Qb4
229! sildenafil 50pM (1.49+0.22) A2 S wl Hri o] =
£ GMP o] ZFERICE
2.5
2 . . T
E1S5 i
Ko}
g 1
(o}
0.5
I s . . ( ,
con sil 10 30 100

Group (ug/mi)
Fig. 1. cGMP concentrartion measured in media after KH-304
treatment in SNAP-pretreated BVSMCs. KH-304 inhibited cGMP-hydrolysis
probably mediated by PDE as shown in positive control treated with a PDE inhibitor,
siidenalil, whereas no significant change in the c¢GMP concentration after KH-304
treatement only. All values are mean+SD, * :P(005 as compared with control group
and KH-304 supplied group.

4. KH-304 558, 71708 Solo] W2 259 8828 W 1y

KH-304 E4+F2229 5071 8423 Ul iz gd &7}
IHTIE FH3L7] Sl western blot HEE &3l H4
FloA] KH-34 &8 G108 BESITE (Fig. 2A. dose)
Fig. 2A = 8lzZ KH-304 100, 300, 500, 700 mg/kg/10
days 27T 3 49 eNOS, nNOS ¢z wisl HEE 1}
ERlE ZA0E dAxTH dluwdl 8 W ZE 1804 eNOS,

nNOS @4uksio] £71 3i9ict 100, 300 mg/kg TIPS =2
NOS2Iio] FIQOU BE7} £7184E NOS Yalo] s
Agol Bk Fig. 2B & old skd HEolA child walo]
7VE E815] K¢l 100, 300mg/kg 1FS 10Y, 302 S9F 47
£4 3I%E B eNOS, nNOS phiE Wl kg vehii=
RAOZ 7|7MEE B 5ile A4S oz udl ot & s



KH-304 F47} 25 242

A> dose
con 100 300 soo 7oo Sil
(e N s B sems Lasmme D ameee € ces |
eNOS e e | —
con 100 300 son 7on  Sil
eI
ntNOS R Sp—
B> period
eNOS —
AD amy
s
nNOS
AD day

Fig. 2. After oral administration of the KH-304 water extract, A>
100mg, 300 mg, 500mg or 700mg per 1kg of body weigh for 10
days, B> 100mg, 300mg per 1kg of body weigh for 10, 30 days.
We examined the expression and actvity of two enzyme: neuronal NO synthase
(nNOS), endothelial NO synthase (eNOS). eNOS:135kDa, nNOS:155kDa

5. 71E S4oiHA Bat A0S Organ bath A%

Fig. 35 4% H&ZoA19) KH-3049] §TE UERA A
Z phenyleph rine 10° M £ 224]7] BakZo| KH-304E 61,
183, 549 mg/LZ HHBYWOZ A7) 1A S 217} 36, 82 W
195%9] SLYEHQ] 0|2ES LIEMIAC).

Table 3. Effects of KH-304 and sodium nitroprusside on the isolated
rabbit corpus cavernosum contracted by 10°M phenylephrine

Test Dose Ratio of Reference  Dose Ratio of

GO e (mg/l) relaxation (%) ftem (M) relaxation (%)
G5 KH-304 0 0.00£0.00 SNP 10® 1359%7.77
G6 KH-304 61 364£7.35 SNP 107 4223%1536
G7 KH-304 183 8224803 SNP 107 8831%14.23
G8 KH-304 549 19.47+13.86 SNP 10° 93.83£8.2

All values are mean=S.D.(n=10). SNP: Sodium nitroprusside
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{BERTZA] catechin, vitamin cZ EFF6LL 1O Heks, #ER, B
H, Bigel d&0] vt 84=e AR thdd 2201 4
ATEE9 £7] W YO icariin, tannin, phytosterol®] &£
SRS Uom W, it R, REY 80l A A2

B I ek

W7IRAE StoglolA] BRE, kg, BIERA, BAE 59
HEo &l RRS BBE LREE BHAE TR B8
RETE 30| e FE BREERE s Aol Bom BB,
WEER, CATRE, SHREE MRl EREL 9 B
2851 Jom™™ Mgl ZdulE SRAZA A
BE A|EEo] 4 dHA W SBEAZA o digE= nNOS
W9 A dolA] eNOS 2O E NOWHo] 7 1
o] NOE ¢GCE @43l A olAt AEAR! cGMP #EE &7
Al71H, cGMPY] &712 SFHAN BEo] HAF L B
o] el Bozy wrvt |XEW daALFT7IM Bdke
‘Rho-Kinase’ &4 = cGMPE 71426 6H= PDE-5 @49 &
8o 270] 5514 gt 24wr) 7180 A8ske NO

+= 274A) B2 NOgMd § 4 (nitric oxide synthase)oll QJoiA] 48
HEm, ole g0l £x15H= NO (endothelial NOS=eNOS)
9} 4147 NO g E 4 (neuronal NOS=nNOS)o|H 018 F 7}
A 5471 SAl ZEZ uf W7i7F FRiEnh

KH-304 Fojof wh2 Wyl §58 27] Ydle] FFA

T (100, 300, 500, 700kg/mg) £ BTPE 3 & TS
g 5938 23} ZE I50lA eNOS & nNOS7}H E7151%1

E3] 100, 300mg/kgol Al EBI51A E7151s AEol
Fe FY s5d A § KH-304 1559 47547
el Eol AEA 10382 ABE) B Kol
23 BETH FASH J2 243g Hon o]
H-304 700mg/kgdl LT 5o ol BA W AR
EAE0l §leg AR skl deiEE 2d 7}
a0 %)
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8 eNOS ¢} nNOS o] F7HA 4w Zaol A
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