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Relaxation Effects of Epimedium Koreanum Nakai in Isolated Rabbit
Corpus Cavernosum Smooth Muscle

Tae Yeon Kim, Ho Hyun Kim', Sun Young Park’, Jong Phil Bak’, Jeung Beum Kims

Department of Oriental Pathology, 1: Department of Oriental Physiology, College of Korean Medicine,
2: The Clinical Trial Center for Bio-Industry, Semyung University

This study aimed to investigate the relaxation effects and its underlying mechanisms of Epimedium koreanum
Nakai(EK) in phenylephrine(PE) treated isolated rabbit corpus cavernosum smooth muscle. The dose-dependent
relaxation responses of phenylephrine(PE, 1x10® M)-precontracted strips to EK at 0.01-3.0 mg/m{ were measured and
also observed after endothelial denudation using organ bath. To analyze the underlying mechanisms of EK-induced
relaxation, No-nitro-L-arginine(L-NNA), methylene blue(MB), tetraethylammonium chloride(TEA), indomethacin(IM) were
pretreated before EK extract infused into precontracted strips induced by PE. To investigate cytotoxic activity and nitric
oxide(NO) concentration of EK extract on EA.hy926 cells, mitochondrial dehydrogenase activity(MTT) assay and nitric
oxide detection kit were used. The cavernous strips were significantly relaxed by EK extract at 0.3 mg/mé, 1.0 mg/mé,
3.0 mg/m¢ and the relaxation responses of PE-precontracted strips denuded endothelium also inhibited in comparison
with intact endothelium. The pretreatment of L-NNA, MB, TEA reduced EK extract-induced endothelium-dependent
relaxation, but the pretreatment of IM didn't affect EK extract-induced endothelium-dependent relaxation. When EK
extract was applicated on EA.hy926 cells, the NO concentration was increased. Our findings have shown that EK

extract exerts a relaxing effect on corpus cavernosum in part by suppressing influx of extracellular Ca®* through
activating the NO-cGMP system.
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o] ¢HE Z (endothelium derived relaxing factor, EDRF)°ll J3l|
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Phenylephrine(PE),
Indomethacin(IM),
-nitro-L-arginine(L-NNA)-&
chloride(NaCl),
Magnesium sulfate heptahydrate(MgS0s), Sodium hydrogen
(NaHCO;), D(+)-Glucose  anhydrous(CsHi20s),
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Tetraethylammonium chloride(TEA),
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carbonate

AES, Potassium phosphate
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3) NEAY
EAhy9262 Dulbecco’s modified Eagle’s medium(DMEM,
Gibco, USA)S AH&81¢] 37T, 5 % CO, Z715ko] A 1]t Th.
DMEM< A8 Z 10 % fetal bovine serum(FBS, Gibco, USA)Z}
1 % penicillin-streptomycin(Gibco, USA)& ¥ 1 2 41 o)A A&
Y
70~80 % A% confluentdt M E+= phosphate-buffered
saline(PBS, F9Y3o Aoy 1
trypsin/ EDTA solution(2 m{)& 2] flaskol #28 HEZE 4
oAl F trypsin neutralizing solutions #7}sle] Q412 (220
x g 5%)3IA T AL AZE HIAE YolA cell countstd]
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=9t CO, incubatorol]| A vl &5} Th.
() /{-]]EE}H Zx4
DMEMO % 37C, 5 % CO;, stollA] 2447k v ¥ &k EAhy926
< O serum- free A2 £ FE2=E TEEE AP
U5 24A)7F v Fete] NEAEES MTT assay= 53 s
0.05 9% MTT(methylthiazol - 2 - yl - 2,5-diphenyl tetrazolium
bromide)E total volume®] 10 %7} =& W11, 37Tl A 44]
2 Agste FsdE AAG F formazan I HES DMSOE
50 wA ol oF 1587F 4tk 570 me 3golA ELISA
microplate reader(BioTek, Synergy )2 FHFE=E 43t Al
EAEES ANsAT
(2) Nitric oxide(NO) &34
NO AA HAEE NO  Detection  Kit(INTRON
£ MMt SASAY. S FEES
FEEE A v 2447 W FE plated] A 3EH-E 100 pl
A Fsto] A2 96 well plateol] FAth 45 Holl N1 buffers
50 p#A ¥ 1083 37C zAstAlA 13 wREAZ F N2
bufferg 50 pl# ¥
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Biotechnology, Korea)=

(o]

=2
A 102 &< oA WA AT o]
% ELISA microplate reader(BioTek, Synergy 1) 540 mZ &%
=5 SAsA

NO A4 #2 1000 uM NO standard & —ri]- 3l Asle] e
EETAE o] 83t AAE NO9 & pMZ $Hitste] Alakst
qom Z APdA 718 RS AX wjgd S AE-S T

mg/ml, 1 mg/ml, 3 mg/mle] FEAME FI4
yebl S Th(Table 1).

Table 1. Effects of Epimedium koreanum Nakai Extract on the
Contraction of Isolated Rabbit Corpus Cavernosum Induced by PE

Treatment Strength of contraction(g) Relaxation(%)
PE 098 + 023 -
PE + EK 0.01 0.94 + 023 47 £ 35
PE + EK 0.03 091 + 021 6.8 + 4.2
PE + EK 0.10 085t 021 135 ¢ 43
PE + EK 0.30 0.78 + 0.20* 211 £ 52
PE + EK 1.00 0.58 + 0.16*** 414 + 74
PE + EK 3.00 0.18 + 0.08%* 82.0 £ 6.5

Values were expressed as means *+ S.D. of 10 separate experiments. EK induced
relaxations were expressed as percentage of PE-contraction. PE, Phenylephrine 1 uM ;
EK, Epimedlium koreanum Nakai extract(mg/mé) ; = p<0.05, =+ p<0.001 compared with PE.
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Fig. 1. Representative Recordings of the Effects of Epimedium
koreanum Nakai Extract on the Contraction of Isolated Rabbit
Corpus Cavernosum Induced by PE. PE, Phenylephrine 1 uM ; EK,
Epimedium koreanum Nakai extract(mg/mé) ; WO, wash out or change of bath
medium with a solution to which no drug is applied.
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ng/ml, 3 mg/mle] FEANA F44 UA A = ATH(Table 2).

Table 2. Effects of Epimedium koreanum Nakai Extract on the
Contraction of IsolatedRabbit Corpus Cavernosum with Intact
Endothelium or Denuded Endothelium Induced by PE

Intact endothelium

Denuded endothelium

Treatment czi:frra]gttign(z;) Relaxation(%) cg:ﬁg?:gﬂ?;) Relaxation(%)
PE 098 + 023 - 092 + 0.24

PE + EK 001 094 + 023 47 + 35 091 + 0.25 12+ 25
PE + EK 0.03 091 + 021 6.8 + 4.2 0.89 + 0.24 33t 46

PE + EK 0.1 085 + 0.21 135 + 43 0.86 + 0.24 6.5 + 55t

PE + EK 03 078 + 0.20* 211 + 52 080 + 024 136 £ 7.7t
PE + EK 1.0 058 + 0.16*** 414 + 74 063 + 021* 324 + 103
PE + EK 3.0 0.18 + 0.08*** 820 + 65 032 £ 0.14** 657 + 8.21tt

Values were expressed as means * S.D. of 7 separate experiments. EK-induced
relaxations were expressed as percentage of PE contraction in ED-intact or ED-denuded
corpus cavernosum. PE, Phenylephrine 1 uM ; EK, Epimedium koreanum Nakai extract
(mg/mé) ; ED, Endothelium ; * p<0.05, *»+ p<0.001 compared with PE ; ¥ p<0.05, ¥ T
p<0.001 compared with intact endothelium.
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Fig. 2. Representative Recordings of the Effects of Epimedium
koreanum Nakai Extract on the Contraction of Isolated Rabbit
Corpus Cavernosum with Intact Endothelium or Denuded
Endothelium Induced by PE. PE, Phenylephrine 1 uM ; EK, Epimedium
koreanum Nakai extract(mg/mé) ; ED, Endothelium ; WO, wash out or change of
bath medium with a solution to which no drug is applied.

3. LNNA A Ao we ¢z ojetast

F%E FEEL LNNA FAATAAN & s &
AeaA HE2E o] FAZI 1 mg/ml, 3 mg/mle] FEANE
FeAol Jde olgaHAE YEY S¥L FEEY o|¢E
Fi= LNNA AH X Aol A FE(0.1, 0.3, 1, 3 mg/ml)ol A F4
A 3tell skl §249 A A = Ack(Table 3).

Table 3. Effects of Pretreatment of No-nitro-L-arginine on the
Endothelium-dependent  Relaxation Induced by Epimedium
koreanum Nakai Extract

ot

Non treatment of L-NNA Treatment of L-NNA

Treatment czarfr:gtti};no(;) Relaxation(%) cgtwrterggttign(z;) Relaxation(%)
PE 0.80 £ 0.26 090 + 032 -

PE + EK 0.1 075 + 0.26 74 £ 70 097 + 036 - 73 & 76ftt

PE + EK 03 071 + 027 129 + 116 097 + 039 - 6.8 + 104ttt

PE + EK 1.0 0.62 + 031* 248 + 232 093 £ 038 - 18 + 118tt

PE + EK 3.0 044 £ 025* 467 + 212 072+ 036 204 + 18.0tt

+

Values were expressed as means S.D. of 11 separate experiments. EK-induced
relaxations were expressed as percentage of PE contraction in L-NNA treated or L-NNA
non-treated corpus cavernosum. L-NNA, No-nitro-L-arginine 10 uM ; PE, Phenylephrine 1
uM ; EK, Epimeadlum koreanum Nakai extract(mg/mé) ; = p<0.01 compared with PE ; T
t p<001, T T 1 p<0.001 compared with L-NNA treated corpus cavernosum.
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Fig. 3. Representative Recordings of the Effects of Pretreatment of
No-nitro-L-arginine on the Eendothelium-dependent Relaxation
Induced by Epimedium koreanum Nakai Extract. L-NNA, No
—nitro-L-arginine 10 uM ; PE, Phenylephrine 1 uM ; EK, Epimedium koreanum Nakai
extract(mg/mé) ; WO, wash out or change of bath medium with a solution to which
no drug is applied.

AAA T LFAA F
o™, 1 mg/ml, 3 mg
£ Uehiith ¢
F%(0.1, 03,1, 3 mg/
A = A TH(Table 4).

Table 4. Effects of Pretreatment of Methylene Blue on the
Endothelium-dependent  Relaxation Induced by Epimedium
koreanum Nakai Extract

Non treatment of MB

Treatment of MB

Treatment c(s)t]rterra]?ttigno(;) Relaxation(%) cggter:gttiinc;;) Relaxation(%)
PE 080 + 0.18 081 + 0.14

PE + EK 0.1 075 + 019 75+ 47 084 + 017 - 3.0 £ 4.0ttt

PE + EK 03 070 + 0.18 141 ¢ 48 081 + 016 13 + 4.7ttt

PE + EK 1.0 057 £ 0.17*** 302 + 93 066 + 0.15** 193 £ 9.1ft

PE + EK 3.0 030 + 0.13** 632 + 11.6 037 £ 0.13** 546 + 117t

Values were expressed as means = S.D. of 17 separate experiments. EK-induced
relaxations were expressed as percentage of PE contraction in MB treated or MB
non-treated corpus cavernosum. MB, Methylene blue 1 uM ; PE, Phenylephrine 1 uM ;
EK, Epimeadlum koreanum Nakai extract(mg/mé) ; =+ p<0.01, ==+ p<0.001 compared with PE
;F p<005, T F p<001, T ¥ 1 p<0.001 compared with MB treated corpus cavernosum.
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Fig. 4. Representative Recordings of the Effects of Pretreatment of
Methylene Blue on the Eendothelium-dependent Relaxation Induced
by Epimedium koreanum Nakai Extract. MB, Methylene blue 1 uM ; PE,
Phenylephrine 1 uM ; EK, Epimedium koreanum Nakai extract(mg/mé) ; WO, wash
out or change of bath medium with a solution to which no drug is applied.
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mg/mle] FZAME F94 e olgEHE YA &%
o 2229 o]gETE TEA AX A Ao 3 ng/ml FE0]A &
. of Hlate] 24 A AA = UK (Table 5).

Table 5. Effects of Pretreatment of Tetraethylammonium Chloride on
the Endothelium-dependent Relaxation Induced by Epimedium
koreanum Nakai Extract

Non treatment of TEA

Strength of Strength of
contraction(g) contraction(g)

PE 093 + 0.22 - 087 ¢+ 021
PE + EK 01 091 t 025 31+ 55 085+ 0.23 31+ 55
PE + EK 03 088 + 027 66 + 115 084+ 021 34 + 66
+ t 86
+

Treatment of TEA

Treatment

Relaxation(%) Relaxation(%)

PE + EK 1.0 0.80 £ 0.27** 159 + 169 073 + 0.20%* 165
PE + EK 3.0 0.52 £ 0.21** 45.7 + 146 057 + 0.14** 337 + 6.9t

Values were expressed as means + S.D. of 10 separate experiments. EK-induced
relaxations were expressed as percentage of PE contraction in TEA treated or TEA
non-treated corpus cavernosum. TEA, Tetraethylammonium chloride 10 uM ; PE,
Phenylephrine 1 uM ; EK, Epimedium koreanum Nakai extract(mg/mé) ; x p<Q.01, *x
p<0.001 compared with PE ; ¥ p<0.05 compared with TEA treated corpus cavernosum.

10min

HOT o3 w10
Y vy EK30
Y

fo) Bgs B0

Fig. 5. Representative Recordings of the Effects of Pretreatment of
Tetraethylammonium Chloride on the Eendothelium-dependent
Relaxation Induced by Epimedium koreanum Nakai Extract. TEA,
Tetraethylammonium chloride 10 uM ; PE, Phenylephrine 1 uM ; EK, Epimedium
koreanum Nakai extract(mg/mé) ; WO, wash out or change of bath medium with
a solution to which no drug is applied.

6. IM AX Ao 2 SFZe ojgtay
oM FAXNZEF IM AAX T RN ¥
AaAEA FE2ES o)A FHLH, 1 ng/ml, 3
= |$4ads el &%
Z FEE9 olgadE IM A Al 0.1 mg/ml, 0.3 mg/ml2]
o vlgte] Fo4d AA A= ATH(Table 6).

Table 6. Effects of Pretreatment of Indomethacin on the
Endothelium-dependent  Relaxation Induced by Epimedium
koreanum Nakai Extract

Non treatment of IM

Treatment of IM

Treatment cé:ﬁggmni;) Relaxation(%) cg:ﬁg?fgﬂi;) Relaxation(%)
PE 113 £ 022 - 142 + 0.27*
PE + EK 0.1 1.06 £ 0.24 65+ 49 139 + 026% 17 + 3.6t
+ 022 148

PE + EK 1.0 0.70 + 0.17*** 38.0 £ 9.1 094 = 0.18*** 334 + 41
PE + EK 3.0 033 + 0.10*** 704 + 8.6 043 + 0.10*** 697 + 51

Values were expressed as means + S.D. of 8 separate experiments. EK-induced
relaxations were expressed as percentage of PE contraction in IM treated or IM
non-treated corpus cavernosum. IM, Indomethacin 10 uM ; PE, Phenylephrine 1 uM ; EK|
Epimedlium koreanum Nakai extract(mg/mf) ; =+ p<0.001 compared with PE ; ¥ p<0.05,
11 p<0.001 compared with IM treated corpus cavernosum.

+ E:
PE + EK 03 096 52 130 £ 0.24** 8.0 £ 25ttt

+ E:
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Fig. 6. Representative Recordings of the Effects of Pretreatment of
Indomethacin on the Eendothelium-dependent Relaxation Induced
by Epimedium koreanum Nakai Extract. IM, Indomethacin 10 uM ; PE,
Phenylephrine 1 uM ; EK, Epimedium koreanum Nakai extract(mg/mé) ; WO, wash
out or change of bath medium with a solution to which no drug is applied.

7. &4 NEEAY 3H
EAhy926 cellsell 4% FE2ES TEEE 4AZ A
A3 A FIE(10, 30, 50, 100, 300, 500 pg/me)olM +24 A&

AEAEE) Wehe BAY 5 GATHTable 7).

o

Table 7. Effects of Epimedium koreanum Nakai Extract on the Cell
Viability of EA.hy926 Cells

Treatment Cell viability(%)
Control 1000 + 45
EK 10 pg/m 959 + 43
EK 30 pg/m 1003 £ 3.0
EK 50 pg/ml 1058 + 1.1
EK 100 pg/ml 1063 + 2.5
EK 300 pg/me 1102 £ 22
EK 500 pg/me 1102 £ 22

Values were expressed as means = S.D. of 8 separate experiments. EA.hy926 cells were
treated with various concentrations(10, 30, 50, 100, 300, 500 wg/m¢) of EK for 24 hr at
37°C. Cell viability was measured by MTT assay as described in materials and methods.
EK, Epimedium koreanum Nakai extract.
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Fig. 7. Effects of Epimedium koreanum Nakai Extract on the Cell
Viability of EA.hy926 Cells. Representative sticks show that cell viability in
EA.hy926 cells by EK(10, 30, 50, 100, 300, 500 wxg/m¢) treated for 24 hr at 37C.
EK, Epimedium koreanum Nakai extract.
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Table 8. Effects of Epimedium koreanum Nakai Extract on Nitric
Oxide Concentration in EA.hy926 Cells

Treatment NO concentration(uM)
Control 124 + 011

EK 10 pg/me 133 + 016

EK 30 pg/me 144 + 0.17

EK 50 ug/me 153 +0.20

EK 100 yg/ml 181 + 0.23*

EK 300 yg/ml 218 + 0.24*

EK 500 pg/ml 3.02 & 0.40%**

Values were expressed as means = S.D. of 6 separate experiments. EA.hy926 cells were
treated with EK in a dose-dependent manner(10, 30, 50, 100, 300, 500 wg/mé) for 24 hr
at 37°C. Nitrite oxide was measured by microplate reader at 540 nm. EK, Epimedium
koreanum Nakai extract ; NO, nitric oxide ; * p<0.05, * p<0.01, »+ p<0.001 compared
with control.
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