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Abstract:

The relaxation of cavernous smooth muscle is critical for inducing and maintaining a penile erection. The neurogenic- and
endothelium-dependent relaxation of corpus cavernosum smooth muscle and the degenerative effect of subacute ethanol treatment
on the endothelial cells of corpus cavernosum was investigated in mice. In the cavernous strips contracted with phenylephrine, elec-
trical field stimulation (EFS), acetylcholine and exogenous nitric oxide (NO) induced relaxations in the control group. Ethanol treat-
ment abolished the endothelium-dependent relaxations induced by acetylcholine but failed to alter the relaxation to EFS and NO.
L-nitroarginine, a NO synthase inhibitor, reduced relaxations induced by EFS and acetylcholine, but not those induced by NO in con-
trol and ethanol-treated mice. L-arginine prevented the response inhibited by L-nitroarginine. ODQ, a guanylyl cyclase inhibitor, in-
hibited relaxations in response to EFS, NO and acetylcholine in control and ethanol-treated mice. Corpus cavernosum tissues were
investigated using electron microscopy and endothelial damage was observed in ethanol-treated mice. These results suggest that
ethanol impairs the endothelial function of corpus cavernosum in mouse, and it may lead to erectile dysfunction through a reduced
NO release via endothelial impairment.
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smooth muscle [2]. Many studies have shown that ni-
tric oxide (NO) released from cavernous nerves and
endothelium is a key factor necessary for penile erec-
tion. Released NO activates soluble guanylate cyclase
and increases the production of cyclic guanosine 3,5-
monophosphate (¢cGMP) [37]. NO is formed from the
conversion of L-arginine by nitric oxide synthase

Abbreviations: cGMP — cyclic guanosine 3,5-monophosphate,
EFS — electrical field stimulation, eNOS — endothelial nitric
oxide synthase, iNOS — inducible NOS, NO — nitric oxide,
NOS - nitric oxide synthase, nNOS — neuronal NOS, ODQ —
1 H-[1,2,4]oxadiazolol[4,3-a]quinoxalin-1-one

Introduction

Penile erection is a complex neurovascular process
that involves relaxation of the corpus cavernosum

(NOS), which exists in three isoforms: neuronal
(nNOS), endothelial (eNOS) and inducible (iNOS).
nNOS is expressed in penile neurons innervating the
corpus cavernosum, and eNOS protein expression has
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been identified primarily in both cavernosal smooth
muscle and endothelium [7]. In mice, nNOS has been
located to the dorsal penile nerve and its branches in
the mouse penis [8] as well as in intrinsic nerves of
the erectile tissue [20]. Also, it has been reported that
eNOS has been located in mouse erectile tissue, and
an up regulation of eNOS has been suggested to com-
pensate for loss of the neuronal isoform in nNOS
transgenic mice with normal erectile responses [8].
Neurogenic NO is still considered the most important
factor responsible for immediate relaxation of penile
vessels and the corpus cavernosum. However, endo-
thelium-generated NO seems essential for maintain-
ing erection [1]. Impairment of the mechanisms that
support the relaxation of corpus cavernosum smooth
muscle may lead to impotence [34, 38]. Erectile dys-
function is defined as the consistent inability to
achieve or maintain an erection sufficient for satisfac-
tory sexual performance [29]. Studies have shown
that erectile dysfunction is caused by inadequate re-
laxation of the corpus cavernosum with defects in NO
production [4, 6]. Clinical and experimental studies
have also demonstrated that chronic ethanol treatment
interferes with either NO production or the release of
NO from endothelial cells [35, 36, 40]. However,
there are contradictory reports about the influence of
chronic ethanol on vascular responsiveness. Chronic
ethanol consumption has been shown to either de-
crease [35] or increase [19, 27] the release of NO
from endothelial cells. On the other hand, Williams et
al. [44] has shown that chronic ethanol treatment did
not affect the relaxation produced by acetylcholine,
ATP or sodium nitroprusside in aorta with or without
endothelium. Although the effects of chronic ethanol
have been widely studied in vascular preparation —
aorta, thoracic aorta, and mesenteric artery — there is
a little evidence about the influence of ethanol on NO
production and/or its release in corpus cavernosal tis-
sue. Saito et al. [39] reported that chronic ethanol
treatment significantly enhanced relaxations of rabbit
corpus cavernosum to EFS and bethanechol. How-
ever, to our knowledge, the effect of ethanol treatment
on the endothelium of corpus cavernosum in mice has
not been studied functionally or histologically. There-
fore, in the present study, the in vitro responses to
electrical field stimulation, acetylcholine and exoge-
nous NO were characterized in the isolated corpus ca-
vernosal tissue preparations from subacute ethanol-
treated mice. In addition, we examined whether the
ethanol treatment induced degenerative changes se-
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lectively in the endothelial cells of corpus caverno-
sum from ethanol-treated mice using electron micros-

copy.

Materials and Methods

Animals

Male Swiss albino mice (2025 g) were obtained from
Cukurova University Experimental Research Center
(TIBDAM). The mice were housed in Plexiglas cages
and kept in a temperature- and light-controlled envi-
ronment (light/darkness cycle: 12-h light/dark cycle)
and allowed free access to food and water.

The local Ethics Committee of the University of
Cukurova approved all experiments.

Ethanol treatment

For subacute ethanol administration, we used a method
described by Goldstein [17]. Mice were put in an in-
halation chamber and continuously exposed to etha-
nol vapor by inhalation for 7 or 14 days. The inhala-
tion chamber consisted of a Plexiglas box (7.5 1)
through which ethanol vapor continuously passed.
95% Ethanol was delivered to filter paper at a rate of
0.0035 ml/min by a peristaltic pump. The control
group was not exposed to ethanol vapor but only
placed in air vapor chambers under conditions similar
to those of the ethanol group. At the end of the 7 or
14 days of ethanol inhalation, control and inhalated
mice were removed from the chamber, and under an-
esthesia with halothane (2%), the thorax was opened
and cardiac blood was immediately taken by Pasteur
pipette and collected in NaF containing tubes. Then,
the blood ethanol level was measured by headspace
gas chromatography.

Drugs and solutions

The following drugs were used (supplied by Sigma
Chemical Co., St. Louis, MO, USA, unless stated
otherwise): acetylcholine chloride, L-arginine hydro-
chloride, N®-nitro-L-arginine, 1H-[1,2,4]Joxadiazolol-
[4,3-a]quinoxalin-1-one (ODQ), papaverine, pheny-
lephrine hydrochloride, ethanol (SISMED Medical
Limited Co.), and sodium nitrite (Merck, Darmstadt,
Germany). Acidified sodium nitrite, which was used
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as an exogenous NO source, was prepared daily for
each experiment by diluting sodium nitrite in de-
aerated water acidified to pH 2.0 with HCI [9]. All
drugs were dissolved in distilled water except ODQ,
which was dissolved in dimethylsulphoxide; the final
concentration of this solvent was shown to have no
biological effects.

Functional experiments

Tissue preparations

Control and ethanol-treated mice were killed by cervi-
cal dislocation. Penises from control and ethanol-
treated mice were removed and placed in a Petri dish
containing Krebs solution (composition in mM; NaCl
119, KCI 4.6, CaCl, 1.5, MgCl, 1.2, NaHCO; 15,
NaPOy 1.2, glucose 11). The glans penis and urethra
were excised and the fibrous septum between two cor-
pus cavernosum strips were cut and each corpus cav-
ernosum was carefully dissected from the adherent
tissues, keeping the tunica albuginea intact. Caverno-
sal strips were mounted under 0.2 g of tension in an
organ bath (15 ml) containing Krebs solution. The
bath medium was maintained at 37°C and gassed with
5% CO, and 95% O,. The tissue strips were allowed
to equilibrate for a period of 60 min. During equili-
bration, the bath solution was replaced every 15 min.
The responses were recorded with an isotonic trans-
ducer (Ugo Basile, 7006) on a recorder (Ugo Basile
Gemini, 7070).

Experimental protocol

To investigate the effects of ethanol treatment on the
nitrergic relaxation, electrical field stimulation, ex-
ogenous NO and acetylcholine were studied as fol-
lows. Following 60 min of equilibration, cavernosal
strips from control and ethanol-treated mice were
pre-contracted with 5 x 10° M phenylephrine. After
a steady state of contraction was obtained, to study re-
laxant action, electrical field stimulation (EFS; 8 Hz,
30V, 0.5 ms, 15 s-train; Grass S88 stimulator), exoge-
nous NO (10~ M; administered as acidified NaNO,)
and acetylcholine (10~7 M) were applied at 3—5 min
intervals without rinsing the tissue between each indi-
vidual application to a single tissue. Thus, the first se-
ries of relaxant responses was obtained. After a 30-min
washout period, the second series of responses were

recorded in the same manner. At the end of the experi-
mental protocol, papaverine (104 M) was added to
the organ bath to achieve maximal relaxation. Also,
the frequency of electrical field stimulation and con-
centration of exogenous NO and acetylcholine were
chosen according to previous studies in mouse corpus
cavernosum in our laboratory [14—16]. In some ex-
periments, the effects of the nitric oxide synthase in-
hibitor N®-nitro-L-arginine (10 M) or selective
soluble guanylate cyclase inhibitor ODQ (10* M)
were investigated on relaxations in response to EFS,
exogenous NO and acetylcholine. In control and 14 day
ethanol-treated mice, after the first series of relaxant
responses were recorded, the tissue was incubated in
a medium containing N®-nitro-L-arginine (104 M) or
selective soluble guanylate cyclase inhibitor 1H-[1,2,4]-
oxadiazolol[4,3-a]quinoxalin-1-one (ODQ; 10~* M),
and at the end of 30 min of incubation, the effects of
a second series of EFS, exogenous NO and acetylcho-
line was examined.

Histological study

For transmission electron microscopy (TEM), corpus
cavernosum strips isolated from 14 day ethanol-
treated and control mice were fixed in 2.5% glutaral-
dehyde for 4 h. After fixation, the specimens were
rinsed in 0.1 M phosphate buffer, pH 7.2, postfixed in
2% 0s0y, in 0.1 M phosphate buftfer for 2 h, and then
rinsed in distilled water, dehydrated in a graded etha-
nol series and put into propylene oxide twice. Follow-
ing this, they were embedded in epoxy resin and left
at 70°C for 12 h to complete polymerization. With
a Leica UCT 125® Ultramicrotome (Leica Microsys-
tems GmbH, Wien, Austria), 1 um semi thin sections
were cut and stained with toluidine blue. These sec-
tions were observed with a light microscope to deter-
mine appropriate areas for ultra thin sections. Then,
70 nm ultra thin sections were obtained and stained
with uranyl acetate and lead nitrate. The photographs
were taken with a Megaview III® Digital camera
(Olympus® Soft Imaging Solutions GmbH, Miinster,
Germany) attached to a JEOL® JEM-1011 (Jeol Ltd.
Tokyo, Japan) Electron Microscope.

Statistical analysis
The relaxation of mouse cavernosal strips produced

by electrical field stimulation, exogenous NO and
acetylcholine was calculated as the percentage of re-
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laxation induced by papaverine at the end of the ex-
periment. Results were expressed as the means £ SEM,
and » refers to the number of animals used for each
experiment. For statistical analysis, one way analysis
of variance (ANOVA) was used, followed by the Bon-
ferroni post hoc test or Student’s z-test. p values less
then 0.05 were considered to be significant.

Results

Blood ethanol level in control and ethanol-
treated mice

The blood ethanol levels were 110.4 + 13 mg/dl and
114.8 £ 11 mg/dl in 7 and 14 day ethanol-treated mice
(95%; 0.0035 ml/min), respectively, whereas it was
5.3 + 12.8 mg/dl in control mice (n = §; p > 0.05).
There was no significant difference in ethanol level
between 7 and 14 day ethanol-treated mice for (p > 0.05;
data not shown).

Effects of EFS, NO and acetylcholine on the
corpus cavernosum from ethanol-treated mice

Electrical field stimulation (EFS; 8 Hz, 30 V, 0.5 ms,
15 s-train), NO (10* M) and acetylcholine (10~7 M)
induced reproducible relaxation of the corpus caver-
nosum obtained from control as well as 7 day ethanol
treated-mice. The EFS, NO and acetylcholine-induced
relaxations were 27.1 £ 2.9, 354 + 6.5 and 33.2 +
5.1% in the first series of responses and 35.9 + 2.9,
40.4 + 5.7 and 38.8 &+ 6% in the second, respectively,
when calculated as a percentage of papeverine (104 M)
in control mice for 7 days (Fig. 1A). Similar responses
were observed on corpus cavernosum strips of 7 day
ethanol-treated mice. The nitrergic relaxations induced
by the EFS, NO and acetylcholine were 33.2 + 5.2,
29.3 +£ 4.8 and 37.1 + 7.7%, respectively, in the first
series of responses and 39.6 + 5.3,37.3 £ 7.5 and 42.6
+ 7.5% in the second series in 7 day ethanol-treated
mice (Fig. 1B). There was no significant difference in
nitrergic relaxations between the control and 7 day
ethanol-treated mice (p > 0.05; n = 12; Fig. 1C).

We also studied the influence of ethanol treatment
for 14 days on the nitrergic relaxation of corpus cav-
ernosum of mice. In control groups for 14 days, the
amplitudes of EFS, NO (10~ M) and acetylcholine
(10”7 M)-induced relaxations were 30.2 + 3.2, 39.1 +
5.5 and 31.7 + 4.1% in the first series of responses
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Fig. 1. Representative traces showing the relaxation of control (A)
and 7 day ethanol-treated (B) corpus cavernosal strips of mice in re-
sponse to electrical field stimulation (EFS; 8 Hz, 30 V, 0.5 ms, 15 s-train),
exogenous nitric oxide (NO; 104 M) and acetylcholine (ACh; 107 M).
Bar graph (C) showing the effect of ethanol treatment for 7 days on
the relaxation to EFS, NO and ACh in mouse corpus cavernosal strips
pre-contracted with 5 x 1078 M phenylephrine

and 33.7+£2.6,41.2 £4.6, and 33.3 = 4.9% in the sec-
ond series, respectively (Fig. 2A). On the other hand,
relaxant responses of corpus cavernosum to EFS and
NO did not change while relaxation to acetylcholine
was significantly diminished in 14 day ethanol-treated
mice compared to the control group (p < 0.05;n=17;
Fig. 2B and C). The nitrergic relaxations induced by
the EFS, NO and acetylcholine were 27.8 + 4.2, 42.7
+ 5.4 and 10.2 + 2.1% in the first series of responses
and 30.26 + 3.7, 46.66 = 5.9 and 9.25 + 3.0% in the
second series, respectively, in 14 day ethanol-treated
mice.
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Fig. 2. Representative traces showing the relaxation of control (A)
and 14 day ethanol-treated (B) corpus cavernosal strips of mice in
response to electrical field stimulation (EFS; 8 Hz, 30 V, 0.5 ms,
15 s-train), exogenous nitric oxide (NO; 10~* M) and acetylcholine
(ACh; 107" M). Bar graph (C) showing the effect of ethanol treatment
for 14 days on the relaxation to EFS, NO and ACh in mouse corpus
cavernosal strips pre-contracted with 5 x 106 M phenylephrine.
All values are the means + SEM. * p < 0.05 significantly different from
control, one-way ANOVA followed by the Bonferroni multiple com-
parison ttest

Effect of N®-nitro-L-arginine on relaxations
to EFS, NO and acetylcholine relaxation in
ethanol-treated mice for 14 days

In both the control and 14 day ethanol-treated mice,
treatment of the mouse corpus cavernosum with N®-
nitro-L-arginine (10~* M) abolished the relaxations to
EFS (8 Hz, 30 V, 0.5 ms, 15 s-train) and acetylcholine
(107 M) (p <0.05; n = 8; Fig. 3A and 4) but not those
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Fig. 3. Effects of L-nitroarginine (L-NOARG; 107* M), L-NOARG plus
L-arginine (L-ARG; 1074 M) (A) and ODQ (1074 M) (B) on the relaxant
responses to electrical field stimulation (EFS; 8 Hz, 30 V, 0.5 ms,
15 s-train), exogenous nitric oxide (NO; 10™* M) and acetylcholine
(ACh; 10" M) in corpus cavernosal strips of control mice. All values
are the means + SEM. * p < 0.05 significantly different from control;
* p < 0.05 significantly different from L-NOARG, one-way ANOVA fol-
lowed by the Bonferroni multiple comparison ¢ test

to exogenous NO (10* M). The inhibitory effect of
N®-nitro-L-arginine on the relaxant responses of cor-
pus cavernosum to EFS (-10.1 + 5.9%; n = 8) and
acetylcholine (107 M; —5.1 + 5.4%; n = 8) in 14 day
ethanol-treated mice was not significantly different
from the response to electrical field stimulation
(—4.33 £ 2.2%; n = 8) and acetylcholine (-2 £ 2.3%;
n = 8) in the control group (p > 0.05). The inhibitory
effect of N®-nitro-L-arginine on electrical field stimu-
lation and acetylcholine was prevented by pre-
incubation with L-arginine (10* M) for 30 min in
both the control and ethanol-treated groups (p < 0.05;
n =§; Fig. 3A and 4B).

Effect of ODQ on relaxations to EFS, NO and
acetylcholine relaxation in 14 day ethanol-
treated mice

Treatment of the corpus cavernosum strips obtained
from control and 14 day ethanol-treated mice with
ODQ (10~* M) completely inhibited the relaxation to
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Fig. 4. Representative trace (A) and bar graph (B) showing the ef-
fect of L-nitroarginine (L-NOARG; 10~* M) and L-NOARG plus L-argi-
nine (L-ARG; 107 M) on the relaxant responses to electrical field
stimulation (EFS; 8 Hz, 30 V, 0.5 ms, 15 s-train), exogenous nitric
oxide (NO; 10™* M) and acetylcholine (ACh; 1077 M) in corpus caver-
nosal strips of 14 day ethanol-treated mice. All values are the means
+ SEM. * p < 0.05 significantly different from control; * p < 0.05 signifi-
cantly different from L-NOARG, one-way ANOVA followed by the
Bonferroni multiple comparison ¢ test

EFS, NO (10* M) and acetylcholine (10~7 M), and
the relaxation induced by EFS and acetylcholine re-
turned to contraction in the presence of ODQ (p < 0.05;
n=§; Fig. 3A and 5). The inhibitory effect of ODQ on
the relaxant responses of corpus cavernosum to EFS,
NO (10* M; 4.9 + 2.3) and acetylcholine (1077 M;
1.8 +£2.7%; n = 8) in 14 day ethanol-treated mice was
not significantly different from the response to electri-
cal field stimulation (4.6 £ 3.1%; n = 8), exogenous
NO (104 M; 7.6 £ 3.6%) and acetylcholine (-1 =+ 3.4%;
n = 8) in the control group (p > 0.05).

Electron microscopy evaluation

Endothelial cells isolated from the corpus cavernosum
of the control group and 7-day ethanol-treated group
were observed as quite healthy with euchromatic nu-
clei, evident nucleoli and thin cytoplasms (Fig. 6A).
Besides mitochondria, many pinocytotic vesicles were
noticed in the cytoplasm, and the junctional com-
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Fig. 5. Representative trace (A) and bar graph (B) showing the ef-
fect of ODQ (10 M) on the relaxant responses to electrical field
stimulation (EFS; 8 Hz, 30 V, 0.5 ms, 15 s-train), exogenous nitric
oxide (NO; 10™* M) and acetylcholine (ACh; 107 M) in corpus caver-
nosal strips of 14 day ethanol-treated mice. All values are the means
+ SEM. * p < 0.05 significantly different from control, one-way ANOVA
followed by the Bonferroni multiple comparison ¢ test

plexes and basal lamina were also evaluated as nor-
mal. On the other hand, major changes were observed
in nuclei of endothelial cells of corpus cavernosum
from 14 day ethanol-treated mice (Fig. 6B). Evident
heterochromatin was seen in the nuclei. Moreover,
this heterochromatin was condensed and located pe-
ripherally. In addition, deep nuclear indentations were
obvious. A decrease in the number of pinocytotic
vesicles was determined in many endothelial cells.
There were vacuolization in the cytoplasm of some
endothelial cells. The junctional complexes between
the endothelial cells, basal lamina and smooth muscle
cells did not show any alterations.

Discussion

In the present study, endothelial damage in corpus
cavernosum treated with ethanol for 14 days was



Endothelial damage of corpus cavernosum
Fatma Aydinoglu et al.

Fig. 6. Electron photomicrographs of endothelial cells in the sinus of corpus cavernosa of penis in control (A, B) and 14 day ethanol-treated
mouse (C, D) strips. (A, B) Endothelial cells (E) are clearly seen as quite healthy with euchromatic nuclei, mitochondria, and pinocytotic vesi-
cles in the cytoplasm. (C, D) Cell size is reduced compared to (A, B) and the organelles seenin (A, B) are hardly seen in the cytoplasm. The cy-
toplasmic processes are dramatically shrunken (arrows). SM — smooth muscle; Er — erythrocyte

shown both by histological studies and by the altered
relaxant response to the endothelium-dependent vaso-
dilator acetylcholine in the corpus cavernosa of mice.
Ethanol treatment also induced degeneration of the
endothelial cells in the corpus cavernosa of the penis.
Endothelium-dependent relaxation induced by acetyl-
choline significantly diminished, whereas the relaxant
responses to electrical field stimulation and exoge-
nous NO were unimpaired in ethanol-treated strips
and was not different from control responses, suggest-
ing that treatment with ethanol under the conditions
used in this study is considered to impair the endothe-
lial function.

Penile erection is dependent upon cavernous smooth
muscle relaxation, and it has been shown that NO, re-
leased from nerves, is the major relaxant agent in sev-
eral mammals [2]. This has also been suggested for
isolated mouse erectile tissues [8, 14, 20, 28]. Addi-
tionally, nNOS has been observed in the dorsal penile
nerve and its branches in the mouse penis [8, 28].
The present study verified that pre-contracted prepa-
rations of mouse corpus cavernosum respond with re-

laxations to electrical field stimulation of nerves un-
der the experimental conditions, and showed that the
relaxations were significantly inhibited by blockade
of the synthesis of NO and soluble guanylate cyclase
with L-nitroarginine (L-NOARG) and ODQ, respec-
tively. These findings support the hypothesis that NO
synthesized from L-arginine mainly mediates the re-
laxation of penile corpus cavernosum muscle to nerve
stimulation in mouse. Gocmen et al. [14] showed that
EFS (10 Hz)-induced relaxation of mouse corpus cav-
ernosum strips is completely inhibited by tetrodo-
toxin, suggesting this response is neurogenic. In addi-
tion, it has been shown that endothelium-derived NO
released from vascular endothelium, which lines the
sinusoidal spaces of the corpus cavernosum, is in-
volved in the relaxation of the cavernous smooth mus-
cle [2, 23, 32]. Endothelial NOS (eNOS) has previ-
ously been found in the mouse erectile tissue, and an
up-regulation of eNOS has been suggested to com-
pensate for loss of the neuronal isoform in nNOS
transgenic mice with normal erectile responses [8].
Acetylcholine-induced relaxation of erectile tissue

Pharmacological Reports, 2008, 60, 725-734 731



has been shown to involve the release of NO from en-
dothelial cells [2]. Confirming the findings in mice
[14, 28], endothelium-dependent relaxations induced
by acetylcholine were significantly attenuated by
L-NOARG and ODQ in the erectile tissue from con-
trol mice in the present study, and inhibition induced
by L-NOARG was prevented by the addition of
L-arginine, suggesting that NO from the endothelium
is involved in the response. Similar findings have
been observed in isolated rabbit [26], canine [30], and
human [25] corpus cavernosa strips.

Also, to our knowledge, the effect of ethanol treat-
ment on the endothelium of corpus cavernosum in
mice has not been studied. In the present study, we in-
vestigated the effects of ethanol treatment on the
nitrergic relaxation of the neuronal and endothelial
source in mice corpus cavernosum. In the various
studies, the inhalation technique has been used for
ethanol treatment [3, 12, 17, 31]. For ethanol admini-
stration in the present study, we used the ethanol inha-
lation technique described by Goldstein [17]. We
found that blood ethanol levels were 110.4 + 13 mg/dl
and 114.8 + 11 mg/dl in 7 and 14 day ethanol-treated
mice, respectively, and there was no significantly
difference in ethanol levels between 7 and 14 day
ethanol-treated mice. These results are consistent with
those of Tirapelli et al. [43], who also found that the
blood ethanol levels were not significantly different
among the 2-, 6- and 10-week periods of treatment. In
the present study, histological studies demonstrate
that ethanol treatment induced degenerative changes
selectively in the endothelial cells of corpus caverno-
sum from 14 day ethanol-treated mice but these were
not observed in the endothelial cells of 7 day ethanol-
treated mice. The reason for this difference is not en-
tirely clear, but a contributing factor may be the dura-
tion of ethanol treatment.

In the present study, treatment with ethanol selec-
tively impaired the endothelial function. Multiple deep
and shallow nuclear indentations and irregularity of
the nuclear form of the endothelial cells provided
an increased contact area between the nucleus and cy-
toplasm. In most cases, this seems to demonstrate in-
creased nucleocytoplasmic exchange and metabolic
activity [13]. In our study, it is thought that increased
metabolic activity may be due to the cellular healing
process in response to ethanol related endothelial
damage. In contrast to endothelium cells, such degen-
eration is not observed in the smooth muscle cells.
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In the functional experiments, ethanol treatment for
14 days abolished the endothelium-dependent relaxa-
tions induced by acetylcholine but failed to alter the
relaxation in response to EFS and exogenous NO. De-
spite the histological and functional damage caused to
endothelial cells by ethanol, the nerve and smooth
muscle seem to be functionally unaffected, and the in-
hibitory effect of ethanol treatment on acetylcholine-
induced relaxation has been correlated with histologi-
cal findings. Therefore, treatment with ethanol under
the conditions used in this study is considered to se-
lectively impair the endothelial function. In contrast
to our findings, Saito et al. [39] reported that ethanol
treatment significantly enhanced the relaxations in re-
sponse to EFS and bethanechol in the rabbit corpus
cavernosum. Similarly, Hatake et al. [19] showed that
the endothelium-dependent relaxation responses to
acetylcholine and calcium ionophore A23187 were
greater in ethanol-fed rat aortic strips than in the con-
trol. On the other hand, in the rat thoracic aorta, ctha-
nol significantly reduced the aortic relaxation to ace-
tylcholine [22]. In contrast, Williams et al. [44] dem-
onstrated that ethanol treatment did not affect the
relaxation produced by acetylcholine in rat thoracic
aorta. There are contradictory reports about the influ-
ence of ethanol treatment on endothelium-dependent
relaxation. These conflicting reports may be related to
differences in dose and/or duration of ethanol admini-
stration or different experimental protocols.

Clinical and experimental studies have also demon-
strated that ethanol treatment interferes with either
NO production or the release of NO from endothelial
cells [35, 36, 40]. In our ethanol-treated group, endo-
thelial cells of the corpus cavernosum appear to be
altered, and acetylcholine-induced endothelium-de-
pendent relaxation is inhibited with respect to the con-
trol, suggesting that ethanol treatment decreases NO
release from the endothelium via an endothelial im-
pairment. The decreased endothelial NO availability
may either be related to reaction with superoxide an-
ion to form peroxynitrite radicals [5] or the oxidative
inactivation of endothelial NOS by ethanol-induced
free radicals [21, 33]. Also, recent studies of vascular
responses in rat pial arterioles in animals chronically
fed alcohol [42] suggest that alcohol impairment of
the arteriolar vasodilatory response to acetylcholine
can be reversed by treatment with superoxide dismu-
tase, providing evidence that impaired vasodilatation
may be due to enhanced vascular release of oxygen-
derived free radicals. Furthermore, Grattaglione et al.
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[18] reported that increased xanthine oxidase activity
and decreased levels of glutathione may be responsi-
ble for enhanced free-radical production and lack of
protection against oxidative stress in chronic alco-
holic patients. Another possibility to explain alcohol-
induced endothelial damage is related to modifica-
tions in the lipoprotein profile because impairment of
endothelium-dependent vasodilatation was also dem-
onstrated in hypercholesterolemic patients [10]. In
chronic alcoholic patients, alcohol has been shown re-
sponsible for an increase in the oxidizability of LDL
and decrease in HDL levels [11]. Such effects of alco-
hol may indirectly induce endothelial dysfunction as
well as predispose an individual to early pathogenesis
of the atherosclerotic lesion. The role of alcohol as
a direct cytotoxic agent on endothelium has been ad-
dressed in previous studies [24, 45]. In our group of
ethanol-treated mice, smooth muscle cells were not
altered histologically, and endothelium-independent
relaxations induced by EFS and exogenous NO and
inhibition of these responses with L-NOARG and
ODQ were similar with respect to controls, suggest-
ing that ethanol had no cytotoxic effect on the tissue
or the NOS-cyclic GMP signal transduction system.

The data of this study further show that chronic
ethanol treatment did not significantly change corpus
cavernosal contraction induced by phenylephrine,
a selective oj-adrenergic agonist, as compared to the
control group. Similar findings have been observed
in rat thoracic aorta [22, 44]. In contrast, both an en-
hanced [35] and an attenuated [41] response to phe-
nylephrine-induced contraction in rat thoracic aorta
has been shown in response to treatment with ethanol.
These differences may be related to differences in
dose and/or duration of ethanol administration or dif-
ferent experimental protocols.

In conclusion, the present study histologically
showed that ethanol treatment caused damage to en-
dothelial cells but not smooth muscle cells. Also, it
demonstrated that endothelium-dependent relaxation
induced by acetylcholine significantly diminished
while the relaxant responses to EFS and exogenous
NO were not altered in strips of corpus cavernosum
from ethanol-treated mice. This suggests that treat-
ment with ethanol under the conditions used in this
study impairs the endothelial function, and that etha-
nol treatment may lead to erectile dysfunction through
reduced NO release.

Acknowledgment:
This work was supported by the Cukurova University Research
Foundation (TF.2005YLS5).

References:

1. Andersson KE: Erectile physiological and pathophysio-
logical pathways involved in erectile dysfunction. J Urol,
2003, 170, s6-s14.

2. Andersson KE, Wagner G: Physiology of penile erection.
Physiol Rev, 1995, 75, 191-236.

3. Aufrére G, Bourhis B, Beaugé F: Ethanol intake after
chronic intoxication by inhalation of ethanol vapour in
rats: behavioural dependence. Alcohol, 1997, 14,
247-253.

4. Azadzoi KM, Goldstein I, Siroky MB, Traish AM,
Krane RJ, Saenz de Tejada I: Mechanisms of ischemia-
induced cavernosal smooth muscle relaxation impair-
ment in a rabbit model of vasculogenic erectile dysfunc-
tion. J Urol, 1998, 160, 2216-2222.

5. Beckman JS, Beckman TW, Chen J, Marshall PA,
Freeman BA: Apparent hydroxyl radical production
by peroxynitrite:implications for endothelial injury from
nitric oxide and superoxide. Proc Natl Acad Sci U S A,
1990, 87, 1620-1624.

6. Burnett AL: Nitric oxide in the penis: physiology and
pathology. J Urol, 1997, 157, 320-324.

7. Burnett AL, Lowenstein CJ, Bredt DS, Chang TS,
Synder SH: Nitric oxide: a physiologic mediator of
penile erection. Science, 1992, 257, 401-403.

8. Burnett AL, Nelson RJ, Calvin DC, Liu JX, Demas GE,
Klein SL, Kriegsfeld LJ et al.: Nitric oxide-dependent
penile erection in mice lacking neuronal nitric oxide
synthase. Mol Med, 1996, 2, 288-296.

9. Cocks TM, Angus JA: Comparison of relaxation re-
sponses of vascular and non-vascular smooth muscle to
endothelium-derived relaxing factor (EDRF), acidified
sodium nitrite (NO) and sodium nitroprusside. Naunyn
Schmiedebergs Arch Pharmacol, 1990, 341, 364-372.

10. Creager MA, Cooke JP, Mendelshon ME, Gallagher SJ,
Coleman SM, Loscalzo J, Dzau VJ: Impaired vasodila-
tion of forearm resistance vessels in hypercholestero-
lemic humans. J Clin Invest, 1990, 86, 228-234.

11. Croft KD, Puddey IB, Rakic V, Abu-Amsha R, Dimmitt
SB, Beilin LJ: Oxidative susceptibility of low-density
lipoproteins: influence of regular alcohol use. Alcohol
Clin Exp Res, 1996, 20, 980-984.

12. Dahchour A, De Witte P: Excitatory and inhibitory
amino acid changes during repeated episodes of ethanol
withdrawal: an in vivo microdialysis study. Eur J Phar-
macol, 2003, 459, 171-178.

13. Ghadially FN: REF: Ultrastructural Pathology of the Cell
and Matrix, 4th edn. Butterworth-Heinemann, Boston,
1997. Vol. 1, Chapter 1 (Nucleus), 2—-10.

14. Gocmen C, Gokturk HS, Ucar PE, Onder S, Dikmen A,
Baysal F: Effect of neocuproine, a selective Cu(I) chela-
tor, on nitrergic relaxations in the mouse corpus caverno-
sum. Eur J Pharmacol, 2000, 406, 293-300.

Pharmacological Reports, 2008, 60, 725-734 733



16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

734

. Gocmen C, Secilmis A, Kumcu EK, Ucar PE, Onder S,

Dikmen A, Baysal F: Effects of vitamin E and sodium
selenate on neurogenic and endothelial relaxation of cor-
pus cavernosum in the diabetic mouse. Eur J Pharmacol,
2000, 398, 93-98.

Gocmen C, Ucar P, Singirik E, Dikmen A, Baysal F:

An in vitro study of nonadrenergic-noncholinergic activ-
ity on the cavernous tisssue of mouse. Urol Res, 1997,
25,269-275.

Goldstein DB, Pal N: Alcohol dependence produced in
mice by inhalation of ethanol: grading the withdrawal
reaction. Science, 1971, 172, 288-290.

. Grattagliano I, Vendemiale G, Sabba C, Buonamico P,

Altomare E: Oxidation of circulating proteins in
alcoholics: role of acetaldehyde and xanthine oxidase.

J Hepatol, 1996, 25, 28-36.

Hatake K, Wakabayashi I, Taniguchi T, Hishida S:
Increased endothelium-dependent vascular relaxation

in ethanol-fed rats. Alcohol Clin Exp Res, 1994, 18,
1018-1023.

Hedlund P, Aszodi A, Pfeifer A, Alm P, Hofmann F,
Ahmad M, Fassler R et al.: Erectile dysfunction in cyclic
GMP-dependent kinase I-deficient mice. Proc Natl Acad
Sci U S A, 2000, 97, 2349-2354.

Husain K, Mejia J, Lalla J, Kazim S: Dose response of
alcohol-induced changes in BP, nitric oxide and antioxi-
dants in rat plasma. Pharmacol Res, 2005, 51, 337-343.
Husain K, Vazquez OM, Lalla J: Physical training ame-
liorates chronic alcohol-induced hypertension and aortic
reactivity in rats. Alcohol Alcohol, 2006, 41, 247-253.
Ignarro LJ, Buga GM, Wood KS, Byrns RE, Chaudhuri
G: Endothelium-derived relaxing factor produced and
released artery and vein is nitric oxide. Proc Natl Acad
Sci U S A, 1987, 84, 9265-92609.

Johnson ME, Sill JC, Brown DL, Halsey TJ, Uhl CB:
The effect of the neurolytic agent ethanol on cytoplasmic
calcium in arterial smooth muscle and endothelium.

Reg Anesth, 1996, 21, 6-13.

Kim N, Azadzoi KM, Goldstein I, Saenz de Tejada I:

A nitric oxide-like factor mediates nonadrenergic-
noncholinergic relaxation of penile corpus cavernosum
smooth muscle. J Clin Invest, 1991, 88, 112-118.
Knispel HH, Goessl C, Beckmann R: Basal and
acetylcholine-stimulated nitric oxide formation mediates
relaxation of rabbit cavernous smooth muscle. J Urol,
1991, 146, 1429-1433.

Knych ET: Endothelium-dependent transfer of ethanol
tolerance in the aorta. Life Sci, 1987, 40, 1903-1908.
Mizusawa H, Hedlund P, Hakansson A, Alm P, Anders-
son KE: Morphological and functional in vitro and in
vivo characterization of the mouse corpus cavernosum.
Br J Pharmacol, 2001, 132, 1333-1341.

NIH Consensus Conference. Impotence. NIH Consensus
Development Panel on Impotence 1993. JAMA, 270,
83-90.

Okamura T, Ayajiki K, Fujioka H, Toda M, Fujimiya M,
Toda N: Effects of endothelial impairment by saponin
on the responses to vasodilators and nitrergic nerve
stimulation in isolated canine corpus cavernosum.

Br J Pharmacol, 1999, 127, 802—808.

Pharmacological Reports, 2008, 60, 725-734

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Pal N, Alkana RL: Use of inhalation to study the effect
of ethanol and ethanol dependence on neonatal mouse
development without maternal separation: a preliminary
study. Life Sci, 1997, 61, 1269—1281.

Palmer RM, Ferrige AG, Moncada S: Nitric oxide release
accounts for the biological activity of endothelium-
derived relaxing factor. Nature, 1987, 327, 524-526.
Peterson TE, Poppa V, Ueba H, Wu A, Yan C, Berk BC:
Opposing effects of reactive oxygen species and choles-
terol on endothelial nitric oxide synthase and endothelial
cell caveolae. Circ Res, 1999, 85, 29-37.

Pickard RS, King P, Zar MA, Powell PH: Corpus caver-
nosal relaxation in impotent men. Br J Urol, 1994, 74,
485-491.

Pinardi G, Brieva R, Vinet R, Penna M: Effects

of chronic ethanol consumption on alpha-adrenegic-
induced contractions in rat thoracic aorta. Gen Pharma-
col, 1992, 23, 245-248.

Puddey IB, Zilkens RR, Croft KD, Beilin LJ: Alcohol
and endothelial function: a brief review. Clin Exp
Pharmacol Physiol, 2001, 28, 1020-1024.

Rand MJ, Li CG: Nitric oxide as a neurotransmitter in
peripheral nerves: nature of transmitter and mechanism
of transmission. Annu Rev Physiol, 1995, 57, 659-682.
Saenz de Tejada I, Goldstein I, Azadzoi K, Krane RJ,
Cohen RA: Impaired neurogenic and endothelium-
mediated relaxation of penile smooth muscle from dia-
betic men with impotence. N Engl ] Med, 1989, 320,
1025-1030.

Saito M, Broderick GA, Wein AJ, Levin RM: Effect of
chronic ethanol consumption on the pharmacological re-
sponse of the rabbit corpus cavernosum. Pharmacology,
1994, 49, 386-391.

Slomiany BL, Piotrowski J, Slomiany A: Alterations in
buccal mucosal endothelin-1 and nitric oxide synthase
with chronic alcohol ingestion. Biochem Mol Biol Int,
1998, 45, 681-688.

Strickland JA and Wooles WA: Effects of acute and
chronic ethanol on the agonist responses of vascular
smooth muscle. Eur J Pharmacol, 1988, 152, 83-91.
Sun H, Mayhan WG: Temporal effect of alcohol con-
sumption reactivity of pial arterioles: role of oxygen
radicals. Am J Physiol Heart Circ Physiol, 2001, 280,
H992-H1001.

Tirapelli CR, Al-Khoury J, Bkaily G, D’Orléans-Juste P,
Lanchote VL, Uyemura SA, de Oliveira AM: Chronic
ethanol consumption enhances phenylephrine-induced
contraction in the isolated rat aorta. ] Pharmacol Exp
Ther, 2006, 316, 233-241.

Williams SP, Adams RD, Mustafa SJ: The effects of
chronic ethanol treatment on endothelium-dependent re-
sponses in rat thoracic aorta. Alcohol, 1990, 7, 121-127.
Zhang A, Altura BT, Altura BM: Ethanol-induced con-
traction of cerebral arteries in diverse mammals and its
mechanism of action. Eur J Pharmacol, 1993, 248,
229-236.

Received:
January 3, 2008; in revised form: September 4, 2008.



	581	Review Œ Mechanism of action of clozapine in the context of dopamine D1-D2 receptor hetero-dimerization Œ a working hypothesis.
	Marta Dziedzicka-Wasylewska, Agata Faron-Górecka, Andrzej Górecki, Maciej Kuœmider

	588	Review Œ Antidepressant activity of zinc and magnesium in view of the current hypotheses of antidepressant action.
	Bernadeta Szewczyk, Ewa Poleszak, Magdalena Sowa, Marcin Siwek, Dominika Dudek, Beata Ryszewska-Pokraœniewicz, Maria Radziwoñ-Zaleska, W³odzimierz Opoka, Janusz Czekaj, Andrzej Pilc, Gabriel Nowak

	600	Review Œ Physiology and pharmacological role of the blood-brain barrier.
	Jacek Bernacki, Aleksandra Dobrowolska, Katarzyna Nierwiñska, Andrzej Ma³ecki

	623	Review Œ Pharmacokinetics and pharmacodynamics of aliskiren, an oral direct renin inhibitor.
	W³odzimierz Buczko, Justyna M. Hermanowicz
	632	Cost analysis of therapy for patients with multiple sclerosis (MS) in Poland.
	Arleta Matschay, El¿bieta Nowakowska, Hanka Hertmanowska, Krzysztof Kus, Anna Czubak

	645	Effects of agmatine on nicotine-evoked behavioral responses in rats.
	Magdalena Zaniewska, Andrew C. McCreary, Gulay Sezer, Edmund Przegaliñski, Ma³gorzata Filip

	655	NMDA/glutamate mechanism of magnesium-induced anxiolytic-like behavior in mice.
	Ewa Poleszak, Piotr Wla�, Andrzej Wróbel, Sylwia Fidecka, Gabriel Nowak

	664	Nitric oxide modulation mediates the protective effect of trazodone in a mouse model of chronic fatigue syndrome.
	Anil Kumar, Ruchika Garg, Puneet Kumar

	673	Effect of taurine treatment on pro-oxidant-antioxidant balance in livers and brains of old rats.
	Hande Parýldar-Karpuzoðlu, Güldal Mehmetçik, Gül Özdemirler-Erata, Semra Doðru-Abbasoðlu, Necla Koçak-Toker, Müjdat Uysal

	679	Involvement of adenosine receptor agonists on the development of hypersensitivity to acute dose of morphine during morphine withdrawal period.
	Joanna Listos, Sylwia Talarek, Sylwia Fidecka

	686	Neurosteroids enhance the viability of staurosporine and doxorubicin treated differentiated human neuroblastoma SH-SY5Y cells.
	Monika Leœkiewicz, Magdalena Regulska, Bogus³awa Budziszewska, Danuta Jantas, Lucylla Jaworska-Feil, Agnieszka Basta-Kaim, Marta Kubera, W³adys³aw Lasoñ

	692	Cyclooxygenase inhibitors: a novel direction for Alzheimer™s management.
	Manish Nivsarkar, Aryamitra Banerjee, Harish Padh

	699	Effect of cypermethrin on memory, movement activity and co-ordination in mice after transient incomplete cerebral ischemia.
	Barbara Nieradko-Iwanicka, Andrzej Borzêcki

	706	Prolonged pretreatment with carvedilol prevents 3-nitropropionic acid-induced behavioral alterations and oxidative stress in rats.
	Puneet Kumar, Anil Kumar

	716	Responsiveness of 5-HT2C receptors in repeatedly diazepam-injected rats: a behavioral and neurochemical study.
	Asma Khan, Darakhshan J. Haleem

	725	Effects of ethanol treatment on the neurogenic- and endothelium-dependent relaxation of corpus cavernosum smooth muscle in the mouse.
	Fatma Aydinoglu, Sakir N. Yilmaz, Banu Coskun, Nebile Daglioglu, Nuran Ogulener


	SHORT COMMUNICATIONS
	735	Effect of cyclooxygenase and nitric oxide synthase inhibitors on vincristine induced hyperalgesia in rats.
	Magdalena Bujalska, Stanis³aw W. Gumu³ka


	742	Acute doxorubicin nephrotoxicity in rats with malignant neoplasm can be successfully treated with fullerenol C60(OH)24 via suppression of oxidative stress.
	Rade Injac, Marija Boskovic, Martina Perse, Eva Koprivec-Furlan, Anton Cerar, Aleksandar Djordjevic, Borut Strukelj
	751	Note to Contributors



