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Abstract

Relaxations induced by electrical field stimulation and acetylcholine were compared with those induced by acidified sodium nitrite,
sodium nitroprusside, S-nitrosoglutathione and S-nitroso-N-acetyl-D,L-penicillamine in the mouse corpus cavernosum precontracted with
phenylephrine. N G-nitro-L-arginine inhibited electrical field stimulation- or acetylcholine-induced relaxation, but was ineffective on
relaxations caused by the other stimuli. Hydroquinone and pyrogallol had no inhibitory action on the relaxations caused by any stimulus
except acidified sodium nitrite. Incubation of the tissue with diethyldithiocarbamic acid significantly inhibited the relaxations induced by
all stimuli except papaverine. In the tissues pre-treated with diethyldithiocarbamic acid, superoxide dismutase, hydroquinone and
pyrogallol failed to yield restore or further inhibit the relaxations in response to electrical field stimulation or acetylcholine. LY 83583
Ž .6-anilino-5,8-quinolinedione and hydroxocobalamin clearly inhibited the relaxant responses to electrical field stimulation, acetylcholine,
S-nitrosoglutathione and acidified sodium nitrite whereas there was significant enhancement of the relaxation produced by S-nitroso-N-
acetyl-D,L-penicillamine. These findings suggest that the relaxant factor released from non-adrenergic non-cholinergic nerves or
endothelial cells in mouse cavernosal tissue may be a superoxide anion-resistant nitric oxide-containing molecule and that S-nitrosoglu-
tathione rather than S-nitroso-N-acetyl-D,L-penicillamine could be a suitable candidate for this. q 1998 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Ž .The modulator role of nitric oxide NO in penile
erection has recently been the subject of extensive investi-
gation. NO is synthesized by both the endothelium lining
the lacunar spaces and the autonomic dilator nerves of the
cavernous tissue, and mediates trabecular smooth muscle

Žrelaxation via accumulation of cGMP Saenz de Tejada,
.1992 . The role of NO in non-adrenergic non-cholinergic

Ž .NANC neurotransmission is now well established, but
the exact chemical structure of the nitrergic neurotrans-
mitter remains to be identified. It was thought that NO
may not be transported as the free form, but as a nitrosoth-
iol molecule from the synthesizing cell to the target cell in
some tissues, based on observations that hydroquinone and
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pyrogallol, superoxide anion generators or free radical
Žscavengers Mittal and Murad, 1977; Griffith et al., 1984;

.Gillespie and Sheng, 1990 have no effect on the relax-
ation induced by electrical field stimulation of NANC

Žnerves in the mouse anococcygeus Hobbs et al., 1991;
. ŽGibson et al., 1992 and bovine retractor penis Gillespie

.and Sheng, 1990; Liu et al., 1994 muscles. However,
results of subsequent studies performed on the same tis-
sues and on rat anococcygeus muscle in the presence of
diethyldithiocarbamate, an inhibitor cytosolic or Zn2q–

2q Ž .Cu form of superoxide dismutase Kelner et al., 1989 ,
revealed that the failure of hydroquinone and pyrogallol to
inhibit the relaxation elicited by electrical field stimulation
may have resulted from high superoxide dismutase activity

Žof these tissues Liu and Szurszewski, 1994; Martin et al.,
.1994; Lilley and Gibson, 1995 . On the other hand, effects

of some S-nitrosothiols have been investigated in the
bovine retractor penis and rat gastric fundus regarding the
suggestion that NO is not transported freely from synthe-
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Žsizing cell to the target cell Barbier and Lefebvre, 1994;
.Liu et al., 1994 . Contradictory findings have been ob-

tained from these studies, regarding the suitability of S-
nitrosoglutathione as possible nitrergic neurotransmitter.

In our previous study on the mouse corpus cavernosum,
results obtained in the presence of hydroquinone favoured
the view that the mediator released from NANC nerves
Ž .tetrodotoxin-sensitive and endothelial cells may not be
free NO, but a superoxide-resistant, NO-generating mole-

Ž .cule Goçmen et al., 1997 . However, the tissue should¨

have been retested with superoxide anion generating agents
after diethyldithiocarbamic acid preincubation to find the
true character of the mediator. The aim of the present
study was to investigate whether there is an actual contri-
bution of free NO to the relaxation induced by electrical
field stimulation or acetylcholine and whether there are
dissimilarities between the nature of the relaxation evoked
by electrical field stimulation, acetylcholine, acidified
sodium nitrite, sodium nitroprusside, S-nitrosoglutathione
and S-nitroso-N-acetyl-D,L-penicillamine in the mouse cor-

Ž . Ž . Ž .Fig. 1. Representative tracings showing relaxant effects of electrical field stimulation EFS or S-nitroso-N-acetyl-D,L-penicillamine SNAP A ,
Ž . Ž . Ž . Ž . Ž . Ž .acetylcholine ACh or S-nitrosoglutathione GSNO ; B and acidified sodium nitrite ASN or sodium nitroprusside SNP ; C in the mouse corpus

Ž .cavernosum precontracted with 5 mM phenylephrine PE . Following each application of EFS or chemicals, recording was stopped and the tissue was
Ž .washed w and after 15 min PE was added to the bathing medium and recording was restarted when the tissue tone reached to near previous level.
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pus cavernosum by using several agents affecting nitrergic
transmission.

2. Materials and methods

2.1. Organ bath experiments

Male albino mice weighing 30–40 g were killed by
cervical dislocation. Penises were removed and then placed

Žin a Petri dish containing Krebs solution composition
mM: NaCl, 119; KCl, 4.6; CaCl , 1.5; MgCl , 1.2;2 2

.NaHCO , 15; NaHPO , 1.2; glucose, 11 . The glans penis3 4

and urethra were excised. Two corpus cavernosums were
separated by cutting the fibrous septum between them.
Each corpus cavernosum was carefully dissected from the
adherent tissues, keeping the tunica albuginea intact. The
preparations were mounted under 0.2 g tension in 5-ml
organ baths maintained at 378C and containing Krebs
solution aerated with 95% O and 5% CO . In experi-2 2

ments in which electrical field stimulation was used, at-
Ž . Ž .ropine 0.2 mM and guanethidine 1 mM were always

present in the bathing medium to obtain NANC conditions.
The tissues were allowed to equilibrate for 1 h during
which they were washed with fresh Krebs solution at 15
min intervals. The responses were recorded with isotonic

Ž . Žtransducers Ugo Basile, 7006 on polygraph paper Ugo
.Basile, Gemini 7070 . After the equilibration period the

tissues were treated with 5 mM phenylephrine. This re-
sulted in an active tone that reached a stable level within 5
min; at the end of this period, electrical field stimulation

Ž .delivered as square waves 2, 5 and 10 Hz; 10 V, 2 ms by
a Grass S88 stimulator via two parallel platinum electrodes
embedded in Perspex was applied to the tissue for 30 s at

Ž15 min intervals. In some experiments acetylcholine 0.1,
. Ž0.5 and 1 mM , acidified sodium nitrite 0.25, 0.5 and 1

. Ž .mM sodium nitroprusside 0.1, 0.5 and 1 mM , S-nitro-
Ž .soglutathione 1, 2 and 5 mM or S-nitroso-N-acetyl-D,L-
Ž .penicillamine 0.1, 0.5 and 1 mM was added to the

bathing medium after the tissue reached steady state of the
contraction produced by phenylephrine. Exposure time of
the tissue was 2 min for S-nitrosoglutathione and S-
nitroso-N-acetyl-D,L-penicillamine, 1 min for other chemi-
cals. Following each application of electrical field stimula-
tion or chemicals, recording was stopped and the tissue
was washed with fresh Krebs solution and thus relaxed
back to the baseline. After 15 min, 5 mM phenylephrine
was added into the bath and recording was restarted when
the tissue tone reached to near the previous tone. The
procedure was repeated by using the next concentration of
the chemicals or frequency of electrical stimulation until
all concentrations or frequencies had been applied. Thus
the first series of responses was obtained. After the tissue
was left to rest for 30 min, the second series of responses
was recorded as control in the same manner. In some
trials, after the first three control responses were recorded,
the preparation was replaced into the medium with N G-

Ž . Ž .nitro-L-arginine 10 mM , hydroquinone 100 mM , pyro-
Ž . Ž .gallol 50 mM , LY 83583 5 or 10 mM or hydroxocobal-
Ž .amin 100 or 200 mM and the second series of relaxation

due to chemicals or electrical field stimulation was exam-
ined.

In another series of experiments, after the first three
Ž .responses to electrical field stimulation 2–10 Hz , acetyl-

Ž . Ž .choline 0.1–1 mM , acidified sodium nitrite 0.25–1 mM
Ž .sodium nitroprusside 0.1–1 mM , S-nitrosoglutathione

Ž . Ž1–5 mM or S-nitroso-N-acetyl-D,L-penicillamine 0.1–1
. Ž .mM or papaverine 10 mM had been recorded, the tissue

Ž .was incubated with diethyldithiocarbamic acid 8 mM for
30 min and washed with fresh Krebs solution. Responses
of the preparation to various stimuli were determined 15
min later. The preliminary experiments performed with
diethyldithiocarbamic acid were done with a previously

Ž .described method Martin et al., 1994 . In these experi-
ments, the action of the agent on the responses to electrical
field stimulation and acetylcholine was examined at differ-

Ž .ent concentrations 1, 2, 4 and 8 mM by testing several
Ž .incubation periods 30, 60 and 120 min . The most suitable

Ž . Ž . Ž . Ž .Fig. 2. The relaxant responses to electrical field stimulation EFS , acetylcholine ACh , acidified sodium nitrite ASN , sodium nitroprusside SNP ,
Ž . Ž . Ž . Ž .S-nitrosoglutathione GSNO and S-nitroso-N-acetyl-D,L-penicillamine SNAP in the absence open bars and presence hatched bars of 10 mM

N G-nitro-L-arginine in the mouse corpus cavernosum precontracted with 5 mM phenylephrine. Each column represents the mean relaxant response
Ž .expressed as percentage peak reduction by phenylephrine. ) P-0.05 ns6–12 .
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Ž .Fig. 3. The relaxant responses to electrical field stimulation EFS ,
Ž . Ž .acetylcholine ACh , acidified sodium nitrite ASN , sodium nitroprus-

Ž . Ž .side SNP , S-nitrosoglutathione GSNO and S-nitroso-N-acetyl-D,L-
Ž . Ž . Žpenicillamine SNAP in the absence open bars and presence hatched

. Ž . Ž .bars of 100 mM hydroquinone a and 50 mM pyrogallol b in the
mouse corpus cavernosum precontracted with 5 mM phenylephrine. Each
column represents the mean relaxant response expressed as percentage

Ž .peak reduction of phenylephrine contraction. ) P -0.05 ns6–14 .

concentration and incubation time with diethyldithicar-
bamic acid for the tissue used were 8 mM and 30 min,
respectively. Under these conditions, the contraction due to
phenylephrine was more consistent and there was a signifi-
cant reduction in electrical field stimulation- and acetyl-
choline-induced relaxations. One group of experiments
served to evaluate responses of the tissue preincubated

Ž . Ž .with diethyldithiocarbamic acid 8 mM qCuCl 8 mM2

to all stimuli. In a subgroup of experiments, the tissue was
Ž .replaced into the medium with hydroquinone 100 mM or

Ž .pyrogallol 50 mM after washing out diethyldithiocar-
bamic acid; 10 min later, the relaxant responses were
examined. In another experimental subgroup, after the first

Ž .three responses to electrical field stimulation 5 Hz were

Ž .recorded without washing , the tissue was incubated with
Ž .diethyldithiocarbamic acid 8 mM for 30 min. Diethyl-

dithiocarbamic acid was washed out and six successive
electrical stimulation were applied without washing of the

Ž .tissue. In some trials, superoxide dismutase 250 Urml ,
pyrogallol or hydroquinone was added into the bath after
three of six successive electrical stimulation were deliv-
ered to examine the immediate action of the drugs. The

Žsame protocol was also performed for acetylcholine 0.5
.mM through after each application acetylcholine was

washed out with fresh Krebs solution.

2.2. Drugs and solutions

Stock solutions of atropine sulphate, phenylephrine,
acetylcholine, sodium nitroprusside, papaverine, hydroxo-

Ž .cobalamin, cupric chloride CuCl and diethyldithiocarba-2

mate were dissolved in distilled water. S-nitrosoglutathione
and S-nitroso-N-acetyl-D,L-penicillamine solutions were
prepared immediately before use and kept at y48C.

ŽGuanethidine was dissolved in dimethyl sulfoxide 0.1%
. Ž .vrv . LY 83583 6-anilino-5,8-quinolinedione was made

up as a 20 mM stock in ethanol. N G-nitro-L-arginine,
hydroquinone and pyrogallol were prepared daily in Krebs

Žsolution. Nitric oxide was present as acidified solution pH
.2 of NaNO and stored at y48C. Superoxide dismutase2
Ž 2q 2q .Cu rZn -containing enzyme from bovine erythrocytes

Ž .was dissolved in saline 0.9% . All the drugs were ob-
Ž .tained from Sigma, except NaNO Merck , LY 835832

Ž . Ž .RBI and S-nitroso-N-acetyl-D,L-penicillamine RBI .

2.3. Statistical considerations

Relaxations were calculated as percentage peak reduc-
tions of phenylephrine contraction. The mean values
Ž ."S.E. for the untreated series and for the treated series
were calculated separately for each experimental group.
All data were evaluated in a One-way analysis of variance

Ž . Ž . Ž .Fig. 4. Relaxations induced by acidified sodium nitrite ASN , sodium nitroprusside SNP , S-nitrosoglutathione GSNO and S-nitroso-N-acetyl-D,L-peni-
Ž . Ž . Ž .cillamine SNAP in the tissue untreated open bars or pre-treated with 8 mM diethyldithiocarbamic acid hatched bars in the mouse corpus cavernosum

precontracted with 5 mM phenylephrine. Each column represents the mean relaxant response expressed as percentage peak reduction of phenylephrine
Ž .contraction. ) P-0.05 ns6–12 .
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Table 1
Ž .Ineffectiveness of hydroquinone HQ or pyrogallol on the responses to

Ž . Ž .electrical field stimulation EFS or acetylcholine ACh in the mouse
Ž .corpus cavernosum pretreated with diethyldithiocarbamic acid DETCA

Ž . Ž .EFS 5 Hz ACh 0.5 mM

Ž . Ž . Ž .DETCA 8 mM 28"6.2 ns10 26"5.0 ns10
Ž . Ž . Ž .DETCA 8 mM 31"7.6 ns8 24"4.1 ns8

Ž .qHQ 100 mM
Ž . Ž . Ž .DETCA 8 mM 29"5.1 ns12 27"4.6 ns10

Ž .qpyrogallol 50 mM

Ž .Values are presented as percent of control inhibition mean"S.E. .

Ž .ANOVA , using a computer program, SPSS. P-values of
less than 0.05 were considered to be significant.

3. Results

3.1. Relaxant effects of electrical field stimulation,
acetylcholine, acidified sodium nitrite, sodium nitroprus-
side and S-nitrosothiols in the mouse corpus caÕernosum

Ž . ŽElectrical field stimulation ns10 , acetylcholine ns
. Ž .10 , acidified sodium nitrite ns10 and sodium nitro-

Ž .prusside ns10 all relaxed the mouse corpus caver-
nosum in a frequency- or concentration-dependent manner.
The two S-nitrosothiols: S-nitrosoglutathione and S-
nitroso-N-acetyl-D,L-penicillamine induced reproducible,
concentration-dependent relaxations that were relatively
slow to develop when compared to electrically- or acetyl-

Ž .choline-induced relaxation Fig. 1 .

3.2. Effects of N G-nitro-L-arginine, hydroquinone and
pyrogallol

G Ž .N -nitro-L-arginine 10 mM inhibited both electrically
and acetylcholine-induced relaxation, but did not affect the
relaxation produced by acidified sodium nitrite, sodium

Ž .nitroprusside and S-nitrosothiols Fig. 2 . Hydroquinone
Ž . Ž .100 mM and pyrogallol 50 mM did not inhibit the

relaxations induced by electrical field stimulation, acetyl-
choline, sodium nitroprusside or S-nitrosothiols while they

Žreduced the relaxant effect of acidified sodium nitrite Fig.
.3 .

3.3. Effect of diethyldithiocarbamic acid incubation

ŽDiethyldithiocarbamic acid 8 mM, for 30 min, fol-
.lowed by washout caused a significant inhibition, which

Ž .was prevented by CuCl 8 mM , of the relaxations in-2

duced by electrical stimulation and all relaxant substances
Ž . ŽFig. 4 and Table 1 except papaverine 10 mM, data not

.shown elicited relaxation. In the tissue preincubated with
Ž .diethyldithiocarbamic acid, hydroquinone 100 mM or

Ž .pyrogallol 50 mM applied at the end of a 10-min incuba-
tion or immediately before electrical stimulation or acetyl-
choline application, failed to yield any further inhibition of
the relaxation induced by electrical stimulation or acetyl-

Ž .choline ns8–10; Fig. 5; Table 1 . Addition of exoge-
Ž .nous superoxide dismutase 250 Urml did not cause any

restoration of the relaxation induced by electrical stimula-
Žtion at the frequency of 5 Hz as percent inhibition of

control: diethyldithiocarbamic acid 22.16"2.11 vs. dieth-
yldithiocarbamic acidqsuperoxide dismutase 22.9"2.08,

. Žns6 and 0.5 mM acetylcholine as percent inhibition of
control: diethyldithiocarbamic acid 22.8"4.15 versus di-
ethyldithiocarbamic acidqsuperoxide dismutase 20.5"

.4.5, ns7 in diethyldithiocarbamic acid pretreated tissue.

3.4. Effects of LY 83583 and hydroxocobalamin

Ž .LY 83583 5 and 10 mM caused a significant inhibi-
tion of the relaxant responses to electrical stimulation,
acetylcholine, acidified sodium nitrite and S-nitrosoglu-
tathione whereas it left sodium nitroprusside action unaf-
fected and significantly enhanced the response to S-

Ž .nitroso-N-acetyl-D,L-penicillamine Fig. 6a . The inhibitory
effect of LY 83583 on acidified sodium nitrite-induced
relaxation was much greater than the effects of other

Žsubstances 88"7.9% for acidified sodium nitrite vs. 51

Ž . Ž .Fig. 5. Representative tracing showing ineffectiveness of pyrogallol 50 mM on electrical field stimulation EFS; 5 Hz -induced relaxation in the tissue
Ž . Ž . Ž . Ž . Ž .pretreated with 8 mM diethyldithiocarbamic acid DETCA . w Washout, v indicates EFS application, PE phenylephrine 5 mM .
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Ž . Ž . Ž . Ž .Fig. 6. The relaxant responses to electrical field stimulation EFS , acetylcholine ACh , acidified sodium nitrite ASN , sodium nitroprusside SNP ,
Ž . Ž . Ž . Ž .S-nitrosoglutathione GSNO and S-nitroso-N-acetyl-D,L-penicillamine SNAP in the absence open bars and presence hatched bars of 10 mM LY

Ž . Ž .83583 a and 100 mM hydroxocobalamin b in the mouse corpus cavernosum precontracted with 5 mM phenylephrine. Each column represents the mean
Ž .relaxant response expressed as percentage peak reduction of phenylephrine contraction. ) P-0.05 ns8–12 .

"6, 49"10.2, and 46.3"7% for electrical stimulation,
.acetylcholine and S-nitrosoglutathione, respectively . The

relaxations induced by electrical field stimulation, acetyl-
choline, acidified sodium nitrite, sodium nitroprusside or
S-nitrosoglutathione were significantly reduced by hydrox-

Ž . Ž .ocobalamin 100 and 200 mM Fig. 6b . In contrast,
hydroxocobalamin caused a significant potentiation of the
relaxant responses to S-nitroso-N-acetyl-D,L-penicillamine.

4. Discussion

The results of the present study suggest that the relaxant
mediator released from NANC nerves and endothelial cells
in the mouse corpus cavernosum may have an NO contain-
ing superoxide anion resistant molecule displaying S-
nitrosoglutathione-like character but not free NO.

Electrical field stimulation, acetylcholine, acidified
sodium nitrite, sodium nitroprusside, S-nitrosoglutathione
and S-nitroso-N-acetyl-D,L-penicillamine produced relax-
ation in a frequency- or concentration-dependent manner.
Sodium nitroprusside, S-nitrosoglutathione and S-nitroso-
N-acetyl-D,L-penicillamine caused a relaxation resembling
effects of electrical field stimulation or acetylcholine, but
their actions were relatively slow to develop. The ineffec-
tiveness of N G-nitro-L-arginine on responses of the tissue
to all stimuli used, except electrical stimulation and acetyl-
choline, suggests that acidified sodium nitrite, sodium

nitroprusside and two S-nitrosothiols have a direct action
on the mouse corpus cavernosum. These findings are
consistent with results of previous studies on vascular and

Žnon-vascular tissues Henry et al., 1989; Gibson et al.,
1992; Jansen et al., 1992; Barbier and Lefebvre, 1994;

.Boeckxstaens et al., 1994; De Man et al., 1995 .
ŽHydroxocobalamin, an NO binding agent Rajanayagam

.et al., 1993 , enhanced S-nitroso-N-acetyl-D,L-penicilla-
mine-induced relaxation markedly, while it caused a signif-
icant reduction in responses to other stimuli used, indicat-
ing that the mediator released by electrical stimulation
from NANC nerves and by acetylcholine from endothelial
cells may not be identical to S-nitroso-N-acetyl-D,L-peni-
cillamine. On the other hand, the inhibitory actions of
hydroxocobalamin on the relaxations elicited by electrical
stimulation, acetylcholine and acidified sodium nitrite were
similar, confirming the result obtained from a previous

Ž .study on the same tissue Goçmen et al., 1997 . Although,¨
this observation does not favor the suggestion that hydrox-
ocobalamin is a useful tool to discriminating between
exogenous NO and an endogenous nitrergic neurotrans-

Ž .mitter Rajanayagam et al., 1993; Lefebvre, 1996 , the
result may depend on the concentration of hydroxocobal-
amin used andror on the tissue under study, and it does
not exclude usefulness of hydroxocobalamin for discrimi-
nating between NO and the nitrergic neurotransmitter in

Ž .other tissues La et al., 1997 .



( )C. Goçmen et al.rEuropean Journal of Pharmacology 361 1998 85–92¨ 91

An interesting finding of the present study was that an
extra- and intracellular superoxide anion generating agent,

Ž .LY 83583 Mulsch et al., 1988 , reduced the responses to¨
electrical stimulation, acetylcholine, acidified sodium ni-
trite and S-nitrosoglutathione, but not those to sodium
nitroprusside and S-nitroso-N-acetyl-D,L-penicillamine.
This finding suggests that the relaxant mediator released
from NANC nerves or endothelial cells may not have an
sodium nitroprusside or S-nitroso-N-acetyl-D,L-penicilla-
mine-like molecule. Since it has been shown that LY
83583 caused the generation of intracellular superoxide
anions, leading to inhibition of the relaxation induced by

Ž .activation of the NOrcGMP pathway Cherry et al., 1990 ,
it is difficult to explain why the agent did not reduce the
action of sodium nitroprusside or S-nitroso-N-acetyl-D,L-
penicillamine known as NO donors exerting their effects

Žvia cGMP production Ignarro et al., 1981; Rapoport and
.Murad, 1983; Barbier and Lefebvre, 1994 . However, in a

previous study on rabbit thoracic aorta, an increase in the
sodium nitroprusside-induced cGMP formation was found

Žwhen the tissue was pretreated with LY 83583 Gupta et
.al., 1994 . Although the mechanical response was not

monitored in the latter study, this finding suggests that LY
83583 may increase the cGMP production induced by an
NO containing agent in some tissues. The finding in the
present study that the inhibitory effect of LY 83583 on
acidified sodium nitrite-induced relaxation was much
greater than the effects of other substances may be at-
tributed to the additional contribution of extracellular su-
peroxide anion generation to the inhibition. The reduction
in the response to electrical stimulation and acetylcholine
was similar to that by S-nitrosoglutathione which generates
NO near or at the membrane. This finding suggests that the
endogenous mediator responsible for the action of electri-
cal stimulation and acetylcholine may be resistant to extra-
cellular superoxide anions.

Diethyldithiocarbamic acid, an irreversible inhibitor of
Cu2q–Zn2q superoxide dismutase, found in either cytosol
or the extracellular milieu, did inhibit relaxations produced
by electrical field stimulation and acetylcholine. The pre-
vention of this inhibition by CuCl suggests that dieth-2

yldithiocarbamic acid is a specific copper chelator hence, it
may affect superoxide dismutase activity by binding Cu2q

Ž .in the molecule Liu et al., 1997 . However, the inhibitory
action of diethyldithiocarbamic acid was not reversed by

Ž .superoxide dismutase 250 Urml which cannot enter cells
Ž .Salvemini and Botting, 1993; Martin et al., 1994 . There-
fore, it is possible to say that the diethyldithiocarbamic
acid-induced decrease in the relaxation may not have
resulted from the extracellular superoxide dismutase inhi-
bition. In addition, the finding supporting this view in the
present study was that diethyldithiocarbamic acid inhibited
the response to exogeneously applied acidified sodium
nitrite, as well as actions of sodium nitroprusside and the
two S-nitrosothiols which possess molecules resistant to
extracellular superoxide anions. Some evidence suggesting

the presence of an intracellular mechanism activated by
diethyldithiocarbamic acid has been obtained from the
studies on calf coronary artery, rabbit thoracic aorta and rat

Žgastric fundus Mugge et al., 1991; Omar et al., 1991;¨
.Lefebvre, 1996 . The inhibitory action of diethyldithiocar-

bamic acid seems to be specific for the L-argininer
NOrcGMP pathway, since it did not reduce the relaxation
induced by papaverine.

On the other hand, hydroquinone and pyrogallol, scav-
enger andror superoxide generating agents which cannot

Ž .penetrate into cells Ignarro et al., 1988 , did not affect
relaxations except acidified sodium nitrite-evoked re-
sponses. Moreover, after incubation of the tissue with
diethyldithiocarbamic acid, the substances were still inef-
fective on the relaxation induced by electrical stimulation
or acetylcholine. Similar results were obtained from the

Ž .study on the rat gastric fundus Lefebvre, 1996 . These
observations suggest that the inhibition of the extracellular
superoxide dismutase may not be sufficient to reduce the
prevention of the mediator from superoxide anions in the
extracellular fluid. In the other words, the mediator re-
leased from nitrergic nerves or endothelial cells must have
been preserved or somehow unaffected by the inhibition of
the extracellular superoxide dismutase, indicating that the
relaxant factor may not be free NO andror that there may
be a powerful mechanism including the presence of en-
dogenous antioxidant substances, such as ascorbate and

Žurate, for NO in the extracellular space Lilley and Gibson,
.1997 . However, findings from previous studies on tissues

such as the bovine retractor penis, rat and mouse anococ-
Žcygeus muscles, do not support our results Liu and

Szurszewski, 1994; Martin et al., 1994; Lilley and Gibson,
.1995 .

In conclusion, the relaxant mediator released from
NANC nerves and endothelial cells in mouse corpus caver-
nosum may not be free NO but an NO containing molecule,
since the differential effects of hydroquinone and pyrogal-
lol on acidified sodium nitrite-induced and electrical field
stimulation or acetylcholine-mediated relaxations were still
observed after incubation of the tissue with diethyldithio-
carbamic acid. The endogenous relaxant mediator may
have a S-nitrosoglutathione-like structure because its be-
havior was similar to that of S-nitrosoglutathione in the
presence of several pharmacological agents. On the other
hand, it is well known that free NO has been suggested as
the nitrergic neurotransmitter based on a number of studies
on various tissues including mouse anococcygeus muscle
Ž .Lilley and Gibson, 1995 . However, there are discrepant

Žfindings in the studies on the same tissue De Man et al.,
.1996; Lefebvre, 1996 . These contradictory results could

be a consequence of differences in experimental condi-
tions. Although the mechanism responsible for the transfer
of NO to the NO-binding molecule remains to be identi-
fied, our findings may favour the hypothesis of a carrier

Žmolecule for NO Gibson et al., 1995; Gibson and Lilley,
.1997 .
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