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Pharmacological evidence that methylene blue inhibits noradrenaline
neuronal uptake in the rat vas deferens. A.B. CHIES, R.C. CUSTÓDIO,
G.L. de SOUZA, F.M.A. CORRÊA, O.C.M. PEREIRA. Pol. J. Pharmacol.,
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We report that the classical guanylate cyclase inhibitor methylene blue
(MB, 1 �M or 10 �M), but not the selective guanylate cyclase inhibitor
1H-[1,2,4]oxidazolo[4,3-a]quinoxalin-1-one (1 �M) or nitric oxide synthase
inhibitor, N�-nitro-L-arginine methyl ester (100 �M), causes a shift to the
left in the concentration-response curve for noradrenaline in the isolated rat
vas deferens preparations. The main objective of our study was to investigate
the pharmacological mechanism by which MB increases the sensitivity of
the rat vas deferens to noradrenaline. According to the presented results, MB
did not change rat vas deferens sensitivity to methoxamine or noradrenaline
in the presence of desipramine (0.1 �M). The pre-contracted rat vas deferens
relaxation induced by isoproterenol was also not significantly changed by
MB (1 �M). Thus, we suggest that MB increases rat vas deferens sensitivity
through neuronal uptake inhibition without interfering in either the nitrergic
mechanism or guanylate cyclase activity.
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Abbreviations: L-NAME – N�-nitro-L-arginine
methyl ester, MB – methylene blue, NO – nitric oxide,
NOS – nitric oxide synthase, ODQ – 1H-[1,2,4]oxi-
dazolo[4,3-a]quinoxalin-1-one

INTRODUCTION

Contractions of the rat vas deferens are physio-
logically evoked by nervous stimuli arising from
a dense sympathetic innervation mainly derived
from the hypogastric nerve [9]. Noradrenaline and
ATP as well as various neuromodulatory peptides
are co-released from sympathetic nerve terminals
in the vas deferens [26]. The rat vas deferens is also
innervated by postganglionic parasympathetic nerves
that contain nitric oxide synthase (NOS) and the
vasoactive intestinal polypeptide (VIP) [26, 27]. It
is assumed that NOS products may modulate sym-
pathetic excitatory neurotransmission in the rat vas
deferens [21, 29].

Nitric oxide (NO) is supposed to increase cGMP
by activation of a soluble guanylate cyclase present
in smooth muscle cells [6, 8, 23]. NO-stimulated
production of cGMP may reduce vascular smooth
muscle responses to exogenous catecholamines
[12, 28, 31]. However, no clear correlation has been
described between cGMP elevation and rat vas
deferens relaxation [5, 18]. It was suggested that
the rat vas deferens lacks the specific PKG sub-
strate necessary for cGMP-induced smooth muscle
relaxation [7]. This may explain the fact that ex-
ogenous noradrenaline-induced contraction of the
rat vas deferens is not affected by incubation with
NOS inhibitors [21, 29].

We report that the classical guanylate cyclase
inhibitor methylene blue (MB) [8, 13], but not the
selective guanylate cyclase inhibitor 1H-[1,2,4]oxa-
diazolo[4,3-a]quinoxalin-1-one (ODQ) [2, 31], causes
a shift to the left in the concentration-response
curve to noradrenaline in the isolated rat vas defe-
rens preparations. In the present study, we investi-
gated the mechanisms involved in the MB-induced
increase in the sensitivity of the rat vas deferens to
noradrenaline.

MATERIALS and METHODS

Animals

Male Wistar rats (350–380 g) were used in the
experiments. Rats were housed in plastic cages (50

× 40 × 20 cm), 5 animals per cage in an animal room
under a 12 h light-dark cycle beginning at 7:00 h, at
room temperature (25°C). The animals received
food and water ad libitum. The experiments were
carried out according to the Guide for the Care and
Use of Laboratory Animals, National Academy of
Sciences (1996).

Drugs

The following drugs were used: N+-nitro-L-ar-
ginine methyl ester (L-NAME), (–)-noradrenaline
bitartrate, methoxamine hydrochloride and iso-
proterenol hydrocloride (purchased from Sigma
Chemical Co., USA), 1H-[1,2,4]oxadiazolo[4,3-a]-
quinoxalin-1-one (ODQ), (purchased from Tocris-
Cookson, USA). Drug solutions were usually pre-
pared using saline (0.9% NaCl) as a solvent. ODQ
was dissolved in 100% dimethylsulfoxide (DMSO;
10 �l was added into the bath).

Organ bath studies

The animals were sacrificed under ethyl ether
anesthesia and exsanguinated. The whole vas defe-
rens were excised and cleared of adherent connecti-
ve tissue. Afterwards they were suspended in 10 ml
organ baths containing warmed (30°C) and aerated
(95% O, and 5% CO,) modified Tyrode nutritive
solution [20] (in mM): NaCl 136.0; KCl 5.7;
CaCl,.H,O 1.8; NH,PO$.H,O 0.36; NaHCO� 15.0
and glucose 5.5. The isolated organs were submit-
ted to 1g tension. Vas deferens contractions were
recorded using isotonic level transduction. Prior to
the addition of drugs, preparations were equili-
brated in the organ bath for 45 min, and the nutritive
solution was changed every 15 min. Next, prepara-
tions were pretreated with MB (1 �M or 10 �M),
L-NAME (100 �M), ODQ (1 �M) or desipramine
(1 �M), added in the organ bath, 20 min before the
beginning of the concentration-response assay.
Even in the same nutritive solution, cumulative
concentration-response curves were generated by
adding noradrenaline (10 �M to 100 �M), methox-
amine (100 �M to 100 �M) or barium chloride
(BaCl,; 10 �M to 10 mM). Cumulative concentra-
tion-response curves for isoproterenol (100 �M to
10 �M) were generated in the rat vas deferens pre-
contracted with BaCl, (5 mM). After the experi-
ments, the organ’s wet weight was determined and
data were expressed as mm/g of wet tissue or as
percentage of BaCl,-induced contraction (isoprote-
renol-induced relaxation). The results were ana-

574 Pol. J. Pharmacol., 2003, 55, 573–579

A.B. Chies, R.C. Custódio, G.L. Souza, F.M.A. Corrêa, O.C.M. Pereira



lyzed in terms of magnitude of maximal responses
(R��-) and the negative logarithm of the drug con-
centration that evokes 50% of the maximal re-
sponse (pD,).

Experimental design

The effects of MB were studied according to
the following experimental design: 1) The effects
of MB (1 �M and 10 �M) upon noradrenaline-
induced rat vas deferens responses were character-
ized in comparison to the effects of the NOS inhibi-
tor, L-NAME (100 �M), and the selective guany-
late cyclase inhibitor ODQ (1 �M). 2) The effects
of MB upon neuronal uptake of catecholamines
were assessed through the analysis of its effects on
the concentration-response curves for methoxami-
ne (a selective ��-adrenoceptor agonist that is not
taken up by adrenergic nerve terminal), or for nor-
adrenaline in the presence of neuronal uptake in-
hibitor, desipramine. 3) The effects of MB on post-
junctional �,-adrenoceptor were assessed through
the analysis of its influence on the concentration-
response curves for the �-adrenoceptor agonist,
isoproterenol, that induces relaxation in the vas defe-
rens preparations that were pre-contracted by BaCl,.

Statistical analysis

Data are presented as a mean ± SEM. The sta-
tistical significance of differences between two or
between more than two groups of results was deter-
mined using respectively the Student’s t-test or the
analysis of variance (ANOVA) followed by the
Student-Newman-Keul’s post-hoc test, assuming
p < 0.05.

RESULTS

Effect of MB and guanylate cyclase or

NOS inhibitors on the rat vas deferens

responses to noradrenaline

The concentration-response curves for noradre-
naline obtained in the rat vas deferens were signifi-
cantly shifted to the left after pretreatment with MB
(1 �M or 10 �M), showing enhancement of pD,

without changes in the R��- (Fig. 1, Tab. 1). How-
ever, the noradrenaline effects in the rat vas
deferens were not affected by preincubation with
the inhibitors, L-NAME (100 �M) and ODQ (1 �M)
(Tab. 1).

Effects of MB on the neuronal uptake of catechol-

amines in the rat vas deferens

The pretreatment with MB (1 �M) did not af-
fect concentration-response curves or values of pD,

and R��- for methoxamine (Fig. 2A, Tab. 2). The
noradrenaline potentiation induced by MB (1 �M)
in the rat vas deferens was no longer observed after
catecholamine neuronal uptake blockade by prein-
cubation with desipramine (0.1 �M) (Fig. 2B, Tab. 2).
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Table 1. Effects of methylene blue (MB) on the rat vas deferens
responses to noradrenaline

PD2 † R��� ‡

Vehicle (saline) 5.11 ± 0.05 (13) 100.1 ± 8.5 (13)

MB 1 �M 5.50 ± 0.07 (6)* 79.1 ± 15.5 (6)

MB 10 �M 5.44 ± 0.09 (7)* 66.9 ± 11.47 (7)

L-NAME 100 �M 5.02 ± 0.02 (6) 113.6 ± 14.2 (6)

Vehicle (DMSO) 5.19 ± 0.08 (6) 87.1 ± 3.51 (6)

DMSO/ODQ 1 �M 5.18 ± 0.09 (6) 94.8 ± 13.01 (6)

Values are expressed as means ± SEM. Number of experiments
in parenthesis. * p < 0.05, compared to vehicle-pretreated con-
trol (analysis of variance followed by Newman-Keul’s as post-
hoc test). † Negative logarithm of the drug concentration pro-
ducing 50% of its maximum response, ‡ maximal response

-8 -7 -6 -5 -4 -3

0

25

50

75

100
Vehicle

MB 1 µM

MB 10 µM

NORADRENALINE LOG [M]

%
M

A
X

IM
A

L
R

E
S

P
O

N
S

E

Fig. 1. Concentration-response curves for noradrenaline deter-
mined in the rat vas deferens in the presence of saline (n = 13),
MB at 1 �M (n = 6) and MB at 10 �M (n = 8). Values are ex-
pressed as means ± SEM



Effects of MB on isoproterenol-induced

relaxation of the rat vas deferens pre-con-

tracted with BaCl2 or the concentration-

response curve for BaCl2 alone

The pretreatment with MB (1 �M) neither af-
fected the concentration-response curve for BaCl,
(Fig. 3A, Tab. 2) nor the isoproterenol-induced re-

laxation of pre-contracted preparations of the rat
vas deferens (Fig. 3B, Tab. 2).

DISCUSSION

In the present study, we report that MB potenti-
ated the contractile effects of exogenous noradrena-
line on the rat vas deferens. Preincubation with
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Fig. 2. Concentration-response curves obtained in the rat vas deferens for methoxamine (A) and noradrenaline determined in prepara-
tions pretreated with desipramine (0.1 �M) (B), in the presence of saline or MB (1 �M). Values are expressed as means ± SEM of 6–8
independent determinations

Table 2. Effects of methylene blue (MB) on the agonist-induced responses of the rat vas deferens

pD� † R��� ‡

Vehicle MB 1 �M Vehicle MB 1 �M

Noradrenaline
Desipramine 0.1 �M *

6.17 ± 0.15
(6)

6.20 ± 0.20
(6)

61.9 ± 11.5
(6)

65.9 ± 14.5
(6)

Methoxamine 5.15 ± 0.04
(7)

5.13 ± 0.10
(7)

61.9 ± 11.5
(7)

65.9 ± 14.5
(7)

Isoproterenol ** 6.58 ± 0.53
(8)

6.22 ± 0.20
(8)

21.4 ± 5.4
(8)

32.58 ± 6.36
(8)

BaCl� 1.67 ± 0.16
(8)

2.00 ± 0.30
(8)

132.1 ± 8.8
(8)

148.1 ± 11.0
(8)

Values are expressed as means ± SEM. Number of experiments in parenthesis. * p < 0.05, compared to vehicle-pretreated control
(Student´s t-test). † Negative logarithm of the drug concentration producing 50% of its maximum response, ‡ Maximal response.
* Preparations pretreated with desipramine 0.1 �M. ** The effects of isoproterenol (relaxation) were observed in preparations pre-
contracted with BaCl� (5 mM)



1 �M MB caused a 2.5-fold shift to the left of the
noradrenaline concentration-response curve, with-
out changing the R��- value. No further displace-
ment was observed when MB concentration was
increased to 10 �M. Subsequent experiments were
carried out using 1 �M MB to minimize possible
side effects.

It has been reported that MB may inhibit NOS
[14], and may also generate hydroxyl radicals
which inactivate the guanylate cyclase [10], as well
as superoxide anion which inactivates NO [11].
Based on these effects, MB has been used as a tool
to indicate NO-dependent responses.

Considering the above information, it is neces-
sary to investigate the possibility that the MB-in-
duced potentiation of noradrenaline effects could
be due to a blockade of a local counteracting NO
mechanism. To evaluate this hypothesis we pre-
treated vas deferens preparations with either the
NOS synthase inhibitor L-NAME or the selective
guanylate cyclase inhibitor ODQ and verified their
effects on the noradrenaline concentration-response
curve. The use of ODQ was based on the fact that a
comparative study of different guanylate cyclase
inhibitors has suggested that only ODQ acts in
a manner which is consistent with its inhibitory ac-
tion on the NO-sensitive guanylate cyclase [2].

Neither of the above pretreatments had any ef-
fect on the noradrenaline effects. These results in-

dicate that, although MB is a guanylate cyclase in-
hibitor, it might increase the sensitivity of the rat
vas deferens to noradrenaline independently of its
guanylate cyclase-inhibiting action. In addition, it
has been suggested that the rat vas deferens lacks
the specific PKG substrate necessary for cGMP-
induced smooth muscle relaxation [7].

The MB-induced enhancement of the rat vas
deferens sensitivity to noradrenaline was found to
be independent of a local biosynthesis of prosta-
glandins because the noradrenaline curve shift to
the left was not affected by the presence of indo-
methacin in the organ bath (data not shown).

It has been described that MB blocks muscar-
inic receptors in rat ventricle [1, 19]. Moreover, it
has been shown that presynaptic muscarinic recep-
tors modulate sympathetic transmitter release in
mouse and rat vas deferens [15, 16, 22, 25]. There-
fore, presynaptic mechanisms might be involved in
the MB-induced enhancement of the rat vas
deferens sensitivity to noradrenaline observed in
the present study. However, we reject this hypothe-
sis since the method used in the present study does
not require noradrenaline release from sympathetic
nerve terminal [21, 29].

The possibility of an interference of MB with
the vas deferens contractility could also be rejected
because MB did not affect the BaCl, concentra-
tion-response curve.
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Fig. 3. Concentration-response curves obtained in the rat vas deferens for BaCl� (A) and isoproterenol determined in preparations
pre-contracted with BaCl� (5 mM) (B), in the presence of saline or MB (1 �M). Values are expressed as means ± SEM of 6–8 inde-
pendent determinations



It has been reported that MB may present anti-
adrenergic effects, such as inhibition of the effects
evoked by �-adrenoceptor stimulation [2]. The
presence of inhibitory �,-adrenoceptor in the rat
vas deferens has been suggested by previous stu-
dies [3, 30]. Since �-adrenoceptor stimulation causes
relaxation of pre-contracted vas deferens prepara-
tions, we studied the effect of the pretreatment with
MB on the isoproterenol concentration-relaxation
response curve in the vas deferens preparations
pre-contracted by BaCl,. The fact that MB did not
affect the relaxation response of the vas deferens to
isoproterenol excluded the possibility of the in-
volvement of a �-adrenoceptor mechanism in the
MB-induced potentiation of noradrenaline effects
in the rat vas deferens.

MB has been reported to interfere with the neu-
ronal uptake of catecholamines in rabbit thoracic
aorta [17] and rat mesenteric arteries [24]. Such in-
terference may be even more evident in the rat vas
deferens than in other preparations since neuronal
uptake of catecholamines is an important physio-
logical mechanism that regulates the rat vas defe-
rens sensitivity to noradrenaline [4, 9]. Taking that
into consideration, we investigated the possibility
that the MB-induced shift to the left in the nor-
adrenaline concentration-response curve for the rat
vas deferens was due to neuronal uptake blockade.

First, we studied the effect of the MB pretreat-
ment on the concentration-response curve for the
��-adrenoceptor agonist methoxamine, which is
not taken by adrenergic nerve terminals. The pre-
treatment with MB did not affect the concentra-
tion-response curve for methoxamine. This obser-
vation eliminates the possibility that the MB effect
is a result of an action at the post-synaptic ��-adre-
noceptors, and favors the idea of a blockage of neu-
ronal uptake. Finally, MB pretreatment no longer
affects the response to noradrenaline in the pre-
sence of an uptake blocker, desipramine.

In conclusion, our data support the idea that
MB increases rat vas deferens sensitivity to nor-
adrenaline through neuronal uptake inhibition. It is
noteworthy that the MB is a weak neuronal uptake
inhibitor since it caused a 2.5-fold shift to the left
of the noradrenaline concentration-response curve,
compared with desipramine that caused about 10-fold
shift.
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