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Introduction: The mechanisms of hepatic encephalopathy are not fully understood. 
Moreover, there is no comprehensive data concerning the effects of nitric oxide (NO) system 
on anxiolytic-like behaviors induced by bile duct ligation (BDL). 

Methods: Male mice weighing 25-30 g were used and anxiety-like behaviors were tested 
using hole-board task. 

Results: The data indicated that cholestasis increased the number of head-dipping but did 
not alter other aspects of behavior, 7 days after BDL, suggesting an anxiolytic-like response. 
Furthermore, the results showed that intraperitoneal (i.p.) injection of L-arginine (200 and 250 
mg/kg) 15 min before testing induced anxiolytic-like behaviors in the normal animals, 4 and 
7 days after BDL (considering that the dose of 200 mg in the normal mice is ineffective but 
is effective in the BDL mice). On the other hand, injection of L-NAME (35 and 45 mg/kg, 
i.p.) 15 min before testing induced anxiogenic-like behaviors in the normal animals, 4 and 7 
days after BDL (the dose of 35 mg/kg in the normal mice is ineffective but is effective in the 
BDL mice ). Moreover, injection of ineffective doses of L-NAME (25 and 35 mg/kg, i.p.) 15 
min before administration of L-arginine (250 mg/kg, i.p.) and 7 days after BDL, decreased 
anxiolytic-like behaviors, significantly. 

Discussion: Cholestatic mice show anxiolytic-like behaviors suggesting the involvement of 
the nitric oxide system.
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                1. Introduction

reduction in canalicular bile flow causes 
cholestasis, which is primarily mani-
fested as conjugated hyperbilirubinemia. 
The major clinical signs may be due to 

retention of substances which are dependent on bile 
flow for excretion, such as bile acids (Pak & Lee, 
1993) and endotoxinemia (Inan, Sayek, Tel, & Sahin-
Erdemli, 1997). Many histopathologic changes may 

A
reflect the nature and degree of the physiologic distur-
bance and show the pathophysiologic basis. However, 
the mechanisms causing hepatic encephalopathy are 
not completely understood. A well-known and widely 
used animal model for cholestasis is the bile duct li-
gation (BDL) which is non-reversible. Some inves-
tigations have revealed that, cholestasis decreases 
anxiety-like behaviors (Eslimi, Oryan, Nasehi, & Zar-
rindast, 2011), induces memory deficits (Cauli et al., 
2009; Huang, Tiao, Tain, Chen, & Hsieh, 2009; Ma-
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gen et al., 2010; Zarrindast, Hoseindoost, & Nasehi, 
2012), tremor (Chung, Wang, Tzen, & Liu, 2005) and 
alters the sleep pattern (Newton, 2008). It is now quite 
clear that, cholestasis alters the activity of all classic 
neurotransmitter systems such as opioidergic (Roberts, 
Skoulis, & James, 1987; Zhang, Zheng, Pan, & Zheng, 
2004),  and dopaminergic (Glaser et al., 2006; Gla-
ser et al., 2003; Zimatkin, Baraban, & Emel'yanchik, 
2008) and nitric oxide (NO) (Fernandez-Martinez, 
Perez-Alvarez, Tsutsumi, Shibayama, & Muriel, 2006) 
in mice, which may be involved in the pathophysiol-
ogy of cholestasis (Bergasa, 1995) 

Furthermore, NO, as a neurotransmitter in the brain 
(Krukoff & Khalili, 1997) is labile, with a half-life 
of <5 sec at body temperature. It is synthesized by 
a group of enzymes named NO4 synthases (NOS), 
which catalyze the conversion of l-arginine (L-Arg) to 
L-Citruline, producing NO as a by-product (Monca-
da, 1993). NO plays an important role in regulating 
many behavioral, cognitive and emotional processes 
such as learning, aggression, locomotion, depression 
and anxiety (Dzoljic, De Vries, & Dzoljic, 1997). 
Moreover, NO acts as a retrograde messenger, regu-
lating neurotransmitter and neuropeptide release in 
an activity-dependent manner in the nervous system 
(Hanbauer, Wink, Osawa, Edelman, & Gally, 1992). It 
is a signaling molecule in the brain and has been impli-
cated in neurotransmission, synaptic plasticity, learn-
ing, perception of pain, aggression (Esplugues, 2002), 
anxiety and depression (Almeida, Felisbino, Lopez, 
Rodrigues, & Gabilan, 2006). Activation of NO-pro-
ducing neurons has been shown after aversive stimuli, 
such as restraint stress; exposure to the elevated plus 
maze; and exposure to a live cat (Beijamini & Guima-
raes, 2006b). The actual role of NO in anxiety is still 
unclear. Earlier studies indicated that NO may play an 
important role in mediating the anxiolytic effects of 
benzodiazepines, implicating a functional role of NO 
in relief of anxiety (Li & Quock, 2001). Furthermore, 
the elevated plus maze showed that systemic adminis-
tration of NOS inhibitors are capable of suppressing 
anxiety in the EPM (Guimaraes, Beijamini, Moreira, 
Aguiar, & de Lucca, 2005).

Thus, according to previous studies, the aim of the 
present study was to evaluate the effect of L-arginine 
(precursor of NO) and N-nitro-l-arginine methyl es-
ter (L-NAME; non-selective NOS inhibitor) on the 
anxiolytic-like behaviors induced by cholestasis in the 
model BDL-mice.

2. Methods

2.1. Animals

Male albino NMRI mice (Pasteur Institute; Tehran, 
Iran) weighing 25-30 g at time of surgery were used. 
Animals were kept in an animal house with a 12/12-h 
light-dark cycle and controlled temperature (22±2ºC). 
Animals were housed in groups of 10 in Plexiglas 
cages and food and water were available ad libitum. 
Ten animals were used in each group; each animal was 
used only once . Behavioral experiments were done 
during the light phase of the light/dark cycle. Eight 
animals were used in each experiment. All proce-
dures were carried out in accordance with institutional 
guidelines for animal care and use.

2.2. Surgical Procedure 

There were three experimental groups: unoperat-
ed, sham operated and BDL-mice. Laparotomy was 
performed under general anesthesia induced by an 
intra-peritoneal injection of ketamine hydrochloride 
(50 mg/kg) plus xylazine (5 mg/kg). Sham operation 
consisted of laparotomy and bile duct identification 
and manipulation without ligation or resection. In the 
BDL group the main bile duct was first ligated using 
two ligatures approximately 0.5 cm apart and then 
transected at the midpoint between the two ligatures 
(Bergasa et al., 1994). In the immediate postopera-
tive period each animal was placed in a cage by itself 
to prevent wound dehiscence and was moved to its 
original cage 4 h after surgery. Operative mortality 
was less than 6%.

2.3. Hole-Board Apparatus

The hole-board test as a simple method for examin-
ing the response of an animal to an unfamiliar envi-
ronment was first introduced by Boissier and Simon 
(Boissier & Simon, 1962). This test has been used 
to evaluate emotionality, anxiety and/or responses to 
stress in animals (Rodriguez Echandia, Broitman, & 
Foscolo, 1987). Different behaviors which can be ob-
served and measured in this test, makes the  compre-
hensive description of the animal's behavior possible. 

The hole-board apparatus (Borj Sanat Co, Tehran, 
Iran) consisted of gray Perspex panels (40 cm×40 
cm, 2.2 cm thick) with 16 equidistant holes 3 cm in 
diameter in the floor, was made on the basis of meth-
ods used previously (Vinade et al., 2003). The board 
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was positioned 15 cm above a table. The animals 
were placed singly in the center of the board facing 
away from the observer and head-dip numbers were 
recorded by photocells arranged below the holes 
over 5 min. Furthermore, locomotor activity was 
measured by an observer unaware of the treatments. 
For this purpose, the ground area hole-board was 
divided into four equal sized squares. Locomotion 
was measured as the number of locomotor activity 
crossings from one square to another. Other behav-
ioral  performances such as latency to the first head-
dipping, rearing, grooming and defecation were re-
corded manually by an experimenter during the test.

2.4. Drugs

The drugs used in the present study were ketamine and 
xylazine (Alfasan Chemical Co, Woerden,  Holland), L-
arginine and L-NAME (Tocris Cookson, Bristol, UK) 
which were dissolved in sterile saline 0.9% just before 
the experiment. Control animals received saline. 

2.5. Experimental Design

Ten animals were used in each experimental group. 
The experiments were based on previous studies in 
order to obtain a maximum response (Zarrindast, As-
gari-Afshar, & Sahebgharani, 2007; Zarrindast, Askari, 
Khalilzadeh, & Nouraei, 2006). The protocol has been 
summarized in table 1.

Table 1.  Summary of experimental design

Figure

Firstly injection (i.p.) Secondly in-
jection (i.p.) Effect upon specific behavior

Saline
(ml/kg)

NAME
(mg/kg)

L-arginine
( mg/kg)

L-arginine 
(mg/kg)

Head dips 
(panel A)

Latency to 
Head dips 
(panel B)

Locomotor activity 
(panel C)

1 Time course response of cholestasis Increase NO effect NO effect

Left 
(non cholestasis) 10 - 150-250 - Increase Decrease NO effect

Medium 
(4 day after BDL) 10 - 150-250 - Increase Decrease Decrease

Right 
(7 day after BDL) 10 - 150-250 - Increase NO effect NO effect

Left 
(non cholestasis) 10 25-45 - - Decrease NO effect NO effect

Medium 
(4 day after BDL) 10 25-45 - - Decrease NO effect NO effect

Right 
(7 day after BDL) 10 25-45 - - Decrease NO effect NO effect

(7 day after BDL) 10 25-35 - 250 Decrease NO effect NO effect

2.5.1. Experiment 1: effect of cholestasis on ex-
ploratory behaviors (time course response of cho-
lestasis).

Twelve groups of mice have been used in this exper-
iment. Four, seven, ten and thirteen days after BDL, 
the exploratory behaviors of animals were tested.  
The data from cholestatic animals were compared to 
the respective non-operated (normal) and operated 
(sham) animals groups. 

2.5.2. Experiment 2: effects of L-arginine on ex-
ploratory behaviors in the presence or absence of 
cholestasis.

In this experiment, twelve groups of animals were 
used. Four groups received saline (10 ml/kg, i.p.) or 
different doses (150, 200 and 250 mg/kg, i.p.) of L-
arginine 15 minute before the test. Two other four 
groups received saline (10 ml/kg, i.p.) or different 
doses (150, 200 and 250 mg/kg, i.p.) of L-arginine 15 
minute before testing, 4 and 7 days after BDL.
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2.5.3. Experiment 3: effects of L-NAME on explor-
atory behaviors in the presence or absence of cho-
lestasis.

In this experiment, twelve groups of animals were 
used. Four groups received saline (10 ml/kg, i.p.) or dif-
ferent doses (25, 35 and 45 mg/kg, i.p.) of L-NAME 15 
minutes before the test. Two other four groups received 
saline (10 ml/kg, i.p.) or different doses (25, 35 and 45 
mg/kg, i.p.) of L-NAME 15 minutes before testing, 4 
and 7 days after BDL. 

2.5.4. Experiment 4: effects of L-NAME plus L-
arginine on exploratory behaviors in the presence 
or absence of cholestasis.

In this experiment, ten groups of animals were used. 
Three groups (operated, non-operated and 7 days after 
BDL) received saline (10 ml/kg, i.p.) 15 minutes before 
testing. The other three groups received L-arginine (250 
mg/kg, i.p.) or L-NAME (25, 35 mg/kg, i.p.) 15 minutes 
before testing. The last four groups received L-NAME 
(25, 35 mg/kg, i.p.) 15 minutes before injection of L-
arginine (250 ml/kg, i.p.), in the seven days cholestatic 
animals and non-cholestatic groups. 

2.7. Statistical Analysis 

Since data displayed normality of distribution and 
homogeneity of variance, the results were statistically 
evaluated by analysis of variance one-way (ANOVA), 
in which mean ± SEM of experimental groups on the 
test day were compared. Further analyses for individual 
between-groups comparisons were carried out with post 
hoc Tukey’s test. In all comparisons, P < 0.05 was con-
sidered to indicate statistical significance.

3. Results

3.1. Induction of Cholestasis

One day after BDL, the animals showed signs of cho-
lestasis (jaundice, dark urine and steatorrhea).

3.2. Time Course Response of Cholestasis on Ex-
ploratory Behaviors

Figure.1.  indicates the time effect of cholestasis on 
exploratory behaviors. One-way ANOVA and post hoc 
Tukey’s analysis revealed that number of head dips have 
been increased in the 7th day (P < 0.01), but did not alter 
in the 4, 10 and, 13 days (P > 0.05) after BDL [F (11, 
84) = 9.97, p < 0.001], respectively (Fig.1A). Moreover, 
there was a significant decrease in the number of head 

dips (P < 0.05) on the fourth the day after the surgery 
in operated groups (sham) compared to the unoperated 
control, demonstrating thean effect of surgery and anes-
thetic drugs on the anxiety-like behavior. Furthermore, 
One-way ANOVA and post hoc Tukey’s analysis indi-
cated that other aspects of behaviors such as latency to 
head dipping [F (11, 84) = 0.71, P > 0.05] (Fig, 1B), 
locomotor activity [F (11, 84) = 2.95, P > 0.05] (Fig, 
1C), number of rearing [F (11, 84) = 0.26, P > 0.05], 

Figure 1. The time course response of cholestasis on explor-
atory behaviors. Twelve groups of animals have been used 
for this experiment.  The exploratory behaviors-induced by 
cholestasis have been tested 4, 7, 10 and 13 day after BDL. 
The exploratory behaviors including number of head dips 
(panel A), latency to head dipping (panel B) and locomotor 
activity (panel C) have been shown. Each bar is mean±S.E.M.  
***P<0.001 when compared to non-operated/4 day after 
BDL group and ++P <0.01 when compared to non-operated 
/7 day after BDL group. 

number of grooming [F (11, 84) = 1.16, P > 0.05] and 
number of defecation [F (11, 84) = 2.1, P > 0.05] were 
not altered. Data for rearing, grooming and defecation 
are not shown. In conclusion, BDL-animals showed the 
anxiolytic-like behaviors, 7 days after cholestasis. 
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 3.3. Effects of L-arginine on exploratory behav-
iors in presence or absence of cholestasis.

One-way ANOVA and post hoc Tukey’s analysis re-
vealed that administration of different doses of L-ar-

ginine  (150, 200 and 250 mg/kg, i.p.), 15 min before 
testing, increased the number of  head-dips [F (3, 28) 
= 41.80, P < 0.001] (Fig.2A; left panel), but had no ef-
fect on other exploratory behaviors such as latency to 
head-dipping [F (3, 28) = 0.05, P > 0.05] (Fig.2B; left 
panel), locomotor activity [F (3, 28) = 0.2, P > 0.05] 
(Fig.2C; left panel), number of rearing [F (3, 28) = 0.5, 
P > 0.5], number of grooming [F (3, 28) = 0.27, P > 0.5] 
and number of defecation [F (3, 28) = 1.7, P > 0.5]. Data 
for rearing, grooming and defecation are not shown. 
In conclusion, the data showed that L-arginine induce 
anxiolytic-like behaviors. 

Furthermore, the results indicated that administration 
of L-arginine (150, 200 and 250 mg/kg, i.p.), 15 min be-
fore testing, 4 days after BDL increases the number of  
head-dips [F (3, 28) = 157.85, P < 0.001] (Fig.2A; middle 
panel) and, decreasesd latency to head-dipping [F (3, 28) 
= 2.9, P < 0.05] (Fig.2B; middle panel) but hasd no effect 
on other exploratory behaviors such as locomotor activity 
[F (3, 28) = 1, P > 0.05] (Fig.2C; middle panel), number 
of rearing [F (3, 28) = 1.9, P > 0.5], number of groom-
ing [F (3, 28) = 0.15, P > 0.5] and number of defecation 
[F (3, 28) = 1.9, P >0.5]. Data for rearing, grooming and 
defecation are not shown. In conclusion, the data showed 
that L-arginine (250 mg/kg, i.p.) increased anxiolytic-like 
behaviors 4 days after BDL. 

Moreover, the results indicated that administration 
of L-arginine (150, 200 and 250 mg/kg, i.p.), 15 min 
before testing, 7 days after BDL increased number of  
head-dips [F (3, 28) = 94.6, P < 0.001] (Fig.2A; right 
panel) but had no effect on other exploratory behaviors 
such as latency to head-dipping [F (3, 28) = 0.7, P > 
0.05] (Fig.2B; right panel), locomotor activity [F (3, 28) 
= 2.5, P > 0.05] (Fig.2C; right panel), number of rearing 
[F (3, 28) = 2.1, P > 0.5], number of grooming [F (3,28) 
= 0.4, P > 0.5] and number of defecation [F (3, 28) = 0.7, 
P >0.5]. Data for rearing, grooming and defecation are 
not shown. In conclusion, two doses of L-arginine (200 
(subthreshold) and 250 (effective) mg/kg, i.p.) increased 
anxiolytic-like behaviors 4 and 7 days after BDL 

3.3. Effects of L-NAME on exploratory behaviors 
in the presence or absence of cholestasis.

One-way ANOVA and post hoc Tukey’s analysis 
revealed that administration of different doses of L-
NAME  (25, 35 and 45 mg/kg, i.p.), 15 min before 
testing decreased the number of  head-dips [F (3, 28) 
= 5.34, P < 0.01] (Fig.2A; left panel) but had no effect 
on other exploratory behaviors such as latency to head-
dipping [F (3, 28) = 0.35, P > 0.05] (Fig.2B; left panel), 

Figure 2. The effects of L-arginine on exploratory behaviors 
in the presence and absence of cholestasis. The figure shows 
the effects of pre-test administration of L-arginine (150, 200 
and 250 mg/kg, i.p.) on animals which were non-cholestatic 
(left panel), 4 day after BDL ( middle panel) or 7 day after 
BDL (right panel).The exploratory behaviors including 
number of head dips (panel A, left panel; dose response of 
L-arginine., panel A, middle panel; effects of L-arginine 4 
day after BDL and panel A, right panel; effects of L-arginine 
7 day after BDL), latency to head dipping (panel B, left panel; 
dose response of L-arginine., panel B, middle panel; effects 
of L-arginine 4 day after BDL and panel B, right panel; ef-
fects of L-arginine 7 day after BDL) and locomotor activity 
(panel C, left panel; dose response of L-arginine., panel C, 
middle panel; effects of L-arginine 4 day after BDL and pan-
el C, right panel; effects of L-arginine 7 day after BDL) have 
been showed. Each bar is mean±S.E.M. ***P<0.001 when 
compared to saline/non-cholestatic mice groups, +++P 
<0.001 when compared to saline/4 day after BDL group and  
P <0.05,    P <0.001when compared to saline/7 day after BDL 
group.
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locomotor activity [F (3, 28) = 0.6, P > 0.05] (Fig.2C; 
left panel), number of rearing [F (3, 28) = 0.06, P > 0.5], 
number of grooming [F (3, 28) = 0.5, P > 0.5] and num-
ber of defecation [F (3, 28) = 2.2, P >0.5]. Data for rear-
ing, grooming and defecation are not shown. In conclu-
sion, the data showss L-NAME induced anxiogenic-like 
behaviors. 

Furthermore, the results indicated that administra-
tion of L-NAME (25, 35 and 45 mg/kg, i.p.), 15 min 
before testing,, 4 days after BDL decreased number of  
head-dips [F (3, 28) = 10.88, P < 0.001] (Fig.2A; middle 
panel) but had no effect on other exploratory behaviors 
such as latency to head-dipping [F (3, 28) = 1.15, P > 
0.05] (Fig.2B; middle panel), locomotor activity [F (3, 
28) = 1.56, P > 0.05] (Fig.2C; middle panel), number of 
rearing [F (3, 28) = 0.17, P > 0.5], number of grooming 
[F (3, 28) = 1.24, P > 0.5] and number of defecation 
[F (3, 28) = 1.03, P >0.5]. Data for rearing, grooming 
and defecation are not shown. In conclusion, the data 
showss L-NAME (35 and 45 mg/kg, i.p.) decreased 
anxiolytic-like behaviors 4 days after BDL and showed 
that anxiogenic-like behaviors.  

Moreover, the results indicated that the administration 
of L-NAME (25, 35 and 45 mg/kg, i.p.), 15 min be-
fore testing, 7 days after BDL decreased the number of  
head-dips [F (3, 28) = 22.57, P < 0.001] (Fig.2A; right 
panel), but had no effect on other exploratory behav-
iors such as latency to head-dipping [F (3, 28) = 0.1, P 
> 0.05] (Fig.2B; right panel), locomotor activity [F (3, 
28) = 0.23, P> 0.05] (Fig.2C; right panel), number of 
rearing [F (3, 28) = 0.5, P > 0.5], number of grooming 
[F (3, 28) = 0.9, P > 0.5] and number of defecation [F 
(3, 28) = 1.33, P >0.5]. Data for rearing, grooming and 
defecation are not shown. In conclusion, the two doses 
of L-NAME (35 (subthreshold) and 45 (effective) mg/
kg, i.p.) decreased anxiolytic-like behaviors 7 days after 
BDL and indicated anxiogenic-like behaviors.  

3.4. Effects of L-NAME plus L-arginine on explor-
atory behaviors in the presence or absence of cho-
lestasis

Fig.4. One-way ANOVA and post hoc Tukey’s anal-
ysis revealed that administration of L-NAME plus L-
arginine, with an 15 minutes interval, 15 minutes before 
testing decreased the number of head dips, seven days 
after BDL [F (9, 70) = 58.30, p< 0.001] (Fig, 4A) com-
pared to the respective group. On the other hand, One-
way ANOVA and post hoc Tukey’s analysis indicated 
that other aspects of behaviors such as latency to head 
dipping [F (9, 70) = 1.12, p> 0.05] (Fig, 4B), locomotors 
activity [F (9, 70) = 0.22, p> 0.05] (Fig, 4C), number of 
rearing [F (9, 70) = 0.84, p> 0.05], number of grooming 
[F (9, 70) = 01.46, p> 0.05] and number of defecation [F 
(9, 70) = 0.73, p> 0.05] were not altered. In conclusion, 
two doses of L-NAME (35(subthreshold) and 45 (ef-
fective) mg/kg, i.p.) plus L-arginine (250 mg/kg, i.p.) 7 
days after BDL decreased anxiolytic-like behaviors in-
duced by l-arginine in cholestatic mice suggesting that 

Figure 3. The effects of L-NAME on exploratory behav-
iors in the presence and absence of cholestasis. The figure 
shows the effects of pre-test administration of L-NAME (25, 
35 and 45 mg/kg, i.p.) on animals which were non-choles-
tatic (left panel), 4 day after BDL ( middle panel) or 7 day 
after BDL (right panel).The exploratory behaviors including 
number of head dips (panel A, left panel; dose response of 
L-NAME., panel A, middle panel; effects of L-NAME 4 day 
after BDL and panel A, right panel; effects of L-NAME 7 
day after BDL), latency to head dipping (panel B, left panel; 
dose response of L-NAME., panel B, middle panel; effects of 
L-NAME 4 day after BDL and panel B, right panel; effects 
of L-NAME 7 day after BDL) and locomotor activity (panel 
C, left panel; dose response of L-NAME., panel C, middle 
panel; effects of L-NAME 4 day after BDL and panel C, 
right panel; effects of L-NAME 7 day after BDL) have been 
showed. Each bar is mean±S.E.M. **P<0.01 when compared 
to saline/non-cholestatic mice group, ++P <0.01 and +++P 
<0.001 when compared to saline/4 day after BDL group and    
P <0.001when compared to saline/7 day after BDL group. 
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cholestasis- induced anxiolytic-like behaviors may act 
through increase of NO level. Data for rearing, groom-
ing and defecation are not shown. 

4. Discussion

The present study was carried out to determine the in-
volvement of nitric oxide (NO) in the development of 
anxiolytic-like behaviors induced by cholestasis. Based 
on previous studies, indicating an increase in the NO 
levels in the cholestatic animals and modulatory roles of 
NO in the anxiety-like behaviors, we hypothesized that 
cholestatic animals may show anxiolytic-like behaviors. 
Therefore, we examined the contribution of NO in this 
hypothesis.

The present data indicate that the bile duct-ligated 
mice (BDL-mice) on the seventh day but not four, ten 
and thirteen days after bile duct-ligation induced anxio-
lytic-like behaviors. However, the data about this cho-
lestasis induced phenomenon are very little, our previ-
ously published data, the present results demonstrated 
that, cholestasis in rats (13 but not 10 days post BDL) 
induces anxiolytic-like behaviors while does not alter 
locomotor activity in the elevated plus maze test (Eslimi 
et al., 2011).  

It has been proposed that even short-term biliary ob-
struction is associated with significant alterations in neu-
rotransmission in the brain (Burak, Le, & Swain, 2001; 
Rioux, Le, & Swain, 2001). Sickness behaviors such as 
fatigue, lethargy, anorexia, fever, hypersomnia and loss 
of social interest can be induced following the central 
neurotransmission alterations which are associated with 
the systemic inflammatory response (reviewed in (Kent, 
Bluthe, Kelley, & Dantzer, 1992)). These manifesta-
tions are commonly observed in patients with biliary 
obstruction, and also in experimental animal models 
of obstructive cholestasis (McCullough, Takahashi, Le, 
Pittman, & Swain, 2000; Rioux et al., 2001; Swain & 
Maric, 1997).

Furthermore, it has been shown that the endogenous 
opioid system undergoes significant changes during 
cholestasis (Swain et al., 1992). The mechanical ob-
struction in the BDL-mice has been used to induce a 
cholestatic state in rodents. This model makes us able 
to investigate the changes in opioid activity, along with 
the involvement of NO pathway. The mechanism of the 
increased level of endogenous opioids (Jones & Berga-
sa, 2000; Jones, Neuberger, & Bergasa, 2002) and NO 
(Fernandez-Martinez et al., 2006) following cholestasis 
is not yet completely understood. There is a suggestion 

Figure 4. The effects of L-NAME on exploratory behaviors 
induced by L-arginine 7 day after BDL. In this experiment, 
ten groups of animals were used. The exploratory behav-
iors of three groups of animals, non operated, operated 
and 7 day after BDL have been tested. Three groups of ani-
mals received L-arginine (250 mg/kg, i.p.) and two doses 
of L-NAME (25 and 35 mg/kg, i.p.) 15 minute before the 
test. Another two groups received two doses of L-NAME 
(25 and 35 mg/kg, i.p.) 15 minute before injection of L-
arginine (250 mg/kg, i.p.). The last two groups received 
two doses of L-NAME (25 and 35 mg/kg, i.p.) 15 minute 
before injection of L-arginine (250 mg/kg, i.p.) 7 day af-
ter BDL. The exploratory behaviors including number of 
head dips (panel A), latency to head dipping (panel B) and 
locomotor activity (panel C) have been showed. Each bar 
is mean±S.E.M. **P<0.01 and ***P<0.001 when compared 
to non-operated/saline mice group, +P <0.05 and +++P 
<0.001 when compared to L-arginine/saline group and    
P<0.001when compared to L-NAME/L-arginine group. 



26

that both overproduction of endogenous opioids and 
protection of these peptides from degradation may be 
involved in the elevation of total opioid activity (Swain 
et al., 1992). 

The results obtained in the present investigation in-
dicate that pre-test administration of different doses of 
L-arginine (a NO precursor) in the non-cholestatic mice 
increased number of head-dips, but did not alter latency 
to head dip and locomotor activity, suggesting anxiolyt-
ic-like behaviors. On the other hand, pre-test adminis-
tration of different doses of L-NAME (a non-selective 
NOS-inhibitor) in the non-cholestatic mice decreased 
number of head-dips but not the latency to head dip and 
locomotor activity, showing anxiogenic-like behaviors. 
These findings are in line with previous reports on the 
involvement of NO system in the modulation of anxiety 
(Beijamini & Guimaraes, 2006a; Faria et al., 1997; Gui-
maraes et al., 2005; Moncada, Palmer, & Higgs, 1991; 
Volke et al., 1995). Nitric oxide, as a neuronal messen-
ger and a modulator of neurotransmitters in the central 
nervous system (Moncada et al., 1991), has been im-
plicated in the regulation of anxiety (Czech, Jacobson, 
LeSueur-Reed, & Kazel, 2003; Faria et al., 1997; Vale, 
Green, Montgomery, & Shafi, 1998). These results are 
in agreement with previous studies that systemic (Czech 
et al., 2003; De Oliveira, Del Bel, & Guimaraes, 1997; 
Monzon, Varas, & De Barioglio, 2001; Pokk & Vali, 
2002; Quock & Nguyen, 1992; Vale et al., 1998) and 
intra-hippocampal (Monzon et al., 2001; Roohbakhsh, 
Moghaddam, Massoudi, & Zarrindast, 2007) injections 
of NOS-inhibitors induced anxiogenic effect in the plus-
maze test, or antagonized the anxiolytic effect of nitrous 
oxide (Li & Quock, 2001) and chlordiazepoxide (Li 
& Quock, 2001; Quock & Nguyen, 1992) or reduced 
open-arm activity in the elevated plus-maze (De Olivei-
ra et al., 1997; Monzon et al., 2001; Vale et al., 1998). 
However, there are other studies suggesting that NOS 
inhibitors decreased anxiety (Dunn, Reed, Copeland, 
& Frye, 1998; Eroglu & Caglayan, 1997; Faria et al., 
1997; Forestiero, Manfrim, Guimaraes, & de Oliveira, 
2006; Guimaraes et al., 2005; Volke et al., 1995; Volke 
et al., 1997; Wiley, Cristello, & Balster, 1995; Yildiz, 
Ulak, Erden, & Gacar, 2000). Furthermore, Shin et al. 
have shown that L-arginine inhibits and L-NAME en-
hances the anxiolytic effect of acute morphine in mice 
(Shin, Kim, Swanson, Hong, & Oh, 2003). There are 
also reports indicating that neither systemic nor i.c.v. ad-
ministration of l-arginine affect anxiety-behaviors in the 
EPM (Faria et al., 1997; Volke et al., 1997). The reasons 
for these contradictory results are not clear, but may be 
due to different experimental procedures and routes of 
administration (Monzon et al., 2001). Nitric oxide may 

modulate motor function in the central nervous system 
(for review see reference (Del Bel et al., 2005)). Loco-
motor abilities have been impaired in the mice mutant 
for the neuronal NOS isoform (Kriegsfeld et al., 1999). 
The rodents treated with various NOS inhibitors also 
show impaired fine motor control and catalepsy (Araki 
et al., 2001). Therefore, alteration in the NO levels may 
secondarily interfere with animal models that are sensi-
tive to anxiolytic drugs (De Oliveira et al., 1997) . The 
contradictory results induced by NO agents in anxiety 
may be due to complex interactions of NO with several 
neurotransmitter systems. Although NO can increase the 
release of glutamate, which in turn could elicit a facilita-
tory role in defensive reactions (Moreira, Molchanov, & 
Guimaraes, 2004),; its excessive production may nega-
tively modulate NMDA function. However, an increase 
in cGMP or administration of NO donor may decrease 
the glutamate release. Furthermore, a biphasic effects 
for NO on gamma-aminobutyric acid and serotonin re-
lease depending on local NO and antioxidant concentra-
tions have been indicated (Trabace & Kendrick, 2000).

The present results indicate that pre-test administration 
of different doses of L-arginine in the BDL-mice (4 and 
7 days after BDL) increased the number of head-dips 
but did not affect head dip latency and locomotor ac-
tivity induced by cholestasis, suggesting anxiolytic-like 
behaviors. In addition, an ineffective dose of L-arginine 
(200 mg/kg) in the non-BDL mice, showed anxiolytic-
like behaviors in the BDL-mice. Furthermore, pre-test 
administration of different doses of L-NAME in the 
BDL-mice (4 and 7 day after BDL) decreased the num-
ber of head-dips but did not change head dip latency 
and locomotor activity induced by cholestasis, show-
ing anxiogenic-like behaviors. Thus, it should also be  
noted that the ineffective dose of L-NAME (35 mg/kg) 
in non-BDL mice revealed anxiogenic-like behavior in 
the BDL mice. Moreover, pre-test administration of dif-
ferent ineffective doses of L-NAME, 15 minute before 
injection of effective dose of L-arginine (250 mg/kg), 7 
day after BDL decreased the number of head-dips but 
not head dip latency and locomotor activity. These data 
may further support the involvement of NO in the in-
creased response induced in the BDL-mice. The results 
can be in agreement with other investigators indicat-
ing that the level of serum nitric oxide (NO) has been 
increased in the cholestasis conditions (Mayoral et al., 
1999; Rodrigo, Alonso, Fernandez, Serrano, & Lopez, 
2000). It has been suggested that histological liver inju-
ries reduce  portal flow, increases plasma NO, and liver 
lipid peroxidation associated with extrahepatic cho-
lestasis. Vallance and Moncada (Vallance & Moncada, 
1991) proposed the theory of NO overproduction in cir-
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rhosis, while some other studies have not supported it 
(Fernandez et al., 1995; Sogni et al., 1992).  

NO can be made from L-arginine by a family of en-
zymes called NO synthases (NOS), which exists in three 
isoforms. One isoform of NOS is involved in immuno-
logical reactions and is, activated by factors released in 
pathological events, such as cytokines that can induce 
NO and is named inducible NOS (iNOS). Two other 
forms of NOS are present in endothelium (endothelial 
NOS-eNOS) and in neurons (neuronal NOS-nNOS) 
(Guix, Uribesalgo, Coma, & Munoz, 2005; Lamas, 
Marsden, Li, Tempst, & Michel, 1992; Mungrue, Bredt, 
Stewart, & Husain, 2003; Prast & Philippu, 2001). Con-
troversial suggestions exist about the involvement of dif-
ferent kinds of NOS in the overproduction of NO in cho-
lestasis and cirrhosis. Vallance and Moncada (Vallance 
& Moncada, 1991) indicated that the primary sources 
of elevated NO levels following bile duct obstruction 
were due to iNOS up-regulation secondary to endotox-
aemia. Other reports propose that eNOS alone(Cahill, 
Redmond, Hodges, Zhang, & Sitzmann, 1996; Gadano 
et al., 1997; Hori, Wiest, & Groszmann, 1998; Martin 
et al., 1996; Wiest, Shah, Sessa, & Groszmann, 1999), 
iNOS (Guarner et al., 1993), both enzymes or neither 
(Fernandez et al., 1995) are upregulated in BDL ani-
mals. In spite of different studies that have focused on 
the role of eNOS and iNOS in the pathophysiology of 
cholestasis and cirrhosis, little is known about the role 
of nNOS in such liver diseases. 

However, there are reports indicating an increased ex-
pression of genes coding for nNOS protein in chronic 
liver disease (Butterworth, 2000; Xu et al., 2000) as 
well as  elevated nNOS protein expression in the aorta 
of cirrhotic rats. They indicated that chronic treatment 
of cholestatic rats with a selective nNOS inhibitor, 7- 
nitroindazole, normalized some of the cardiovascular 
problems of cirrhosis. Other investigation showed that 
treatment with aminoguanidine, a selective inducible ni-
tric oxide synthase (iNOS) inhibitor, restored the chang-
es seen in cholestasis. This finding is in favor of the hy-
pothesis that the dysfunction seen in cholestasis may be 
due to the negative feedback of NO on NOS activity. 

In conclusion, the present results may indicate that 
cholestasis- induced anxiolytic-like behaviors may act 
through increase of NO level.

Acknowledgments

The authors would like to thank Fatemeh Kazemi for 
her valuable assistance.

References

Almeida, R. C., Felisbino, C. S., Lopez, M. G., Rodrigues, A. L., 
& Gabilan, N. H. (2006). Evidence for the involvement of L-
arginine-nitric oxide-cyclic guanosine monophosphate path-
way in the antidepressant-like effect of memantine in mice. 
Behav Brain Res, 168(2), 318-322.

Araki, T., Mizutani, H., Matsubara, M., Imai, Y., Mizugaki, M., 
& Itoyama, Y. (2001). Nitric oxide synthase inhibitors cause 
motor deficits in mice. Eur Neuropsychopharmacol, 11(2), 
125-133.

Beijamini, V., & Guimaraes, F. S. (2006a). Activation of neurons 
containing the enzyme nitric oxide synthase following expo-
sure to an elevated plus maze. Brain Res Bull, 69(4), 347-355.

Beijamini, V., & Guimaraes, F. S. (2006b). c-Fos expression in-
crease in NADPH-diaphorase positive neurons after expo-
sure to a live cat. Behav Brain Res, 170(1), 52-61.

Bergasa, N. V. (1995). The pruritus of cholestasis. Semin Der-
matol, 14(4), 302-312.

Boissier, J. R., & Simon, P. (1962). [The exploration reaction in 
the mouse. Preliminary note.]. Therapie, 17, 1225-1232.

Burak, K. W., Le, T., & Swain, M. G. (2001). Increased midbrain 
5-HT1A receptor number and responsiveness in cholestatic 
rats. Brain Res, 892(2), 376-379.

Butterworth, R. F. (2000). Complications of cirrhosis III. Hepat-
ic encephalopathy. J Hepatol, 32(1 Suppl), 171-180.

Cahill, P. A., Redmond, E. M., Hodges, R., Zhang, S., & Sitz-
mann, J. V. (1996). Increased endothelial nitric oxide synthase 
activity in the hyperemic vessels of portal hypertensive rats. J 
Hepatol, 25(3), 370-378.

Cauli, O., Rodrigo, R., Llansola, M., Montoliu, C., Monfort, 
P., Piedrafita, B., et al. (2009). Glutamatergic and gabaergic 
neurotransmission and neuronal circuits in hepatic encepha-
lopathy. Metab Brain Dis, 24(1), 69-80.

Chung, C. H., Wang, C. H., Tzen, C. Y., & Liu, C. P. (2005). 
Intrahepatic cholestasis as a paraneoplastic syndrome asso-
ciated with pheochromocytoma. J Endocrinol Invest, 28(2), 
175-179.

Czech, D. A., Jacobson, E. B., LeSueur-Reed, K. T., & Kazel, M. 
R. (2003). Putative anxiety-linked effects of the nitric oxide 
synthase inhibitor L-NAME in three murine exploratory be-
havior models. Pharmacol Biochem Behav, 75(4), 741-748.

De Oliveira, C. L., Del Bel, E. A., & Guimaraes, F. S. (1997). Ef-
fects of L-NOARG on plus-maze performance in rats. Phar-
macol Biochem Behav, 56(1), 55-59.

Del Bel, E. A., Guimaraes, F. S., Bermudez-Echeverry, M., 
Gomes, M. Z., Schiaveto-de-souza, A., Padovan-Neto, F. E., 
et al. (2005). Role of nitric oxide on motor behavior. Cell Mol 
Neurobiol, 25(2), 371-392.

Dunn, R. W., Reed, T. A., Copeland, P. D., & Frye, C. A. (1998). 
The nitric oxide synthase inhibitor 7-nitroindazole displays 
enhanced anxiolytic efficacy without tolerance in rats follow-
ing subchronic administration. Neuropharmacology, 37(7), 
899-904.

Dzoljic, E., De Vries, R., & Dzoljic, M. R. (1997). New and potent 
inhibitors of nitric oxide synthase reduce motor activity in 
mice. Behav Brain Res, 87(2), 209-212.



28

Eroglu, L., & Caglayan, B. (1997). Anxiolytic and antidepres-
sant properties of methylene blue in animal models. Pharma-
col Res, 36(5), 381-385.

Eslimi, D., Oryan, S., Nasehi, M., & Zarrindast, M. R. (2011). 
Effects of opioidergic systems upon anxiolytic-like behaviors 
induced in cholestatic rats. Eur J Pharmacol, 670(1), 180-185.

Esplugues, J. V. (2002). NO as a signalling molecule in the nerv-
ous system. Br J Pharmacol, 135(5), 1079-1095.

Faria, M. S., Muscara, M. N., Moreno Junior, H., Teixeira, S. 
A., Dias, H. B., De Oliveira, B., et al. (1997). Acute inhibition 
of nitric oxide synthesis induces anxiolysis in the plus maze 
test. Eur J Pharmacol, 323(1), 37-43.

Fernandez-Martinez, E., Perez-Alvarez, V., Tsutsumi, V., 
Shibayama, M., & Muriel, P. (2006). Chronic bile duct ob-
struction induces changes in plasma and hepatic levels of cy-
tokines and nitric oxide in the rat. Exp Toxicol Pathol, 58(1), 
49-58.

Fernandez, M., Garcia-Pagan, J. C., Casadevall, M., Bernadich, 
C., Piera, C., Whittle, B. J., et al. (1995). Evidence against a 
role for inducible nitric oxide synthase in the hyperdynamic 
circulation of portal-hypertensive rats. Gastroenterology, 
108(5), 1487-1495.

Forestiero, D., Manfrim, C. M., Guimaraes, F. S., & de Oliveira, 
R. M. (2006). Anxiolytic-like effects induced by nitric oxide 
synthase inhibitors microinjected into the medial amygdala 
of rats. Psychopharmacology (Berl), 184(2), 166-172.

Gadano, A. C., Sogni, P., Yang, S., Cailmail, S., Moreau, R., 
Nepveux, P., et al. (1997). Endothelial calcium-calmodulin de-
pendent nitric oxide synthase in the in vitro vascular hypore-
activity of portal hypertensive rats. J Hepatol, 26(3), 678-686.

Glaser, S., Alvaro, D., Francis, H., Ueno, Y., Marucci, L., Bene-
detti, A., et al. (2006). Adrenergic receptor agonists prevent 
bile duct injury induced by adrenergic denervation by in-
creased cAMP levels and activation of Akt. Am J Physiol 
Gastrointest Liver Physiol, 290(4), G813-826.

Glaser, S., Alvaro, D., Roskams, T., Phinizy, J. L., Stoica, G., 
Francis, H., et al. (2003). Dopaminergic inhibition of secretin-
stimulated choleresis by increased PKC-gamma expression 
and decrease of PKA activity. Am J Physiol Gastrointest 
Liver Physiol, 284(4), G683-694.

Guarner, C., Soriano, G., Tomas, A., Bulbena, O., Novella, M. 
T., Balanzo, J., et al. (1993). Increased serum nitrite and nitrate 
levels in patients with cirrhosis: relationship to endotoxemia. 
Hepatology, 18(5), 1139-1143.

Guimaraes, F. S., Beijamini, V., Moreira, F. A., Aguiar, D. C., & 
de Lucca, A. C. (2005). Role of nitric oxide in brain regions 
related to defensive reactions. Neurosci Biobehav Rev, 29(8), 
1313-1322.

Guix, F. X., Uribesalgo, I., Coma, M., & Munoz, F. J. (2005). The 
physiology and pathophysiology of nitric oxide in the brain. 
Prog Neurobiol, 76(2), 126-152.

Hanbauer, I., Wink, D., Osawa, Y., Edelman, G. M., & Gally, J. A. 
(1992). Role of nitric oxide in NMDA-evoked release of [3H]-
dopamine from striatal slices. Neuroreport, 3(5), 409-412.

Hori, N., Wiest, R., & Groszmann, R. J. (1998). Enhanced release 
of nitric oxide in response to changes in flow and shear stress 
in the superior mesenteric arteries of portal hypertensive 
rats. Hepatology, 28(6), 1467-1473.

Huang, L. T., Tiao, M. M., Tain, Y. L., Chen, C. C., & Hsieh, 
C. S. (2009). Melatonin ameliorates bile duct ligation-induced 
systemic oxidative stress and spatial memory deficits in de-
veloping rats. Pediatr Res, 65(2), 176-180.

Inan, M., Sayek, I., Tel, B. C., & Sahin-Erdemli, I. (1997). Role of 
endotoxin and nitric oxide in the pathogenesis of renal fail-
ure in obstructive jaundice. Br J Surg, 84(7), 943-947.

Jones, E. A., & Bergasa, N. V. (2000). Evolving concepts of the 
pathogenesis and treatment of the pruritus of cholestasis. 
Can J Gastroenterol, 14(1), 33-40.

Jones, E. A., Neuberger, J., & Bergasa, N. V. (2002). Opiate an-
tagonist therapy for the pruritus of cholestasis: the avoidance 
of opioid withdrawal-like reactions. QJM, 95(8), 547-552.

Kent, S., Bluthe, R. M., Kelley, K. W., & Dantzer, R. (1992). Sick-
ness behavior as a new target for drug development. Trends 
Pharmacol Sci, 13(1), 24-28.

Kriegsfeld, L. J., Eliasson, M. J., Demas, G. E., Blackshaw, S., 
Dawson, T. M., Nelson, R. J., et al. (1999). Nocturnal mo-
tor coordination deficits in neuronal nitric oxide synthase 
knock-out mice. Neuroscience, 89(2), 311-315.

Krukoff, T. L., & Khalili, P. (1997). Stress-induced activation of 
nitric oxide-producing neurons in the rat brain. J Comp Neu-
rol, 377(4), 509-519.

Lamas, S., Marsden, P. A., Li, G. K., Tempst, P., & Michel, T. 
(1992). Endothelial nitric oxide synthase: molecular cloning 
and characterization of a distinct constitutive enzyme iso-
form. Proc Natl Acad Sci U S A, 89(14), 6348-6352.

Li, S., & Quock, R. M. (2001). Comparison of N2O- and chlo-
rdiazepoxide-induced behaviors in the light/dark explora-
tion test. Pharmacol Biochem Behav, 68(4), 789-796.

Magen, I., Avraham, Y., Ackerman, Z., Vorobiev, L., Mechou-
lam, R., & Berry, E. M. (2010). Cannabidiol ameliorates cog-
nitive and motor impairments in bile-duct ligated mice via 
5-HT1A receptor activation. Br J Pharmacol, 159(4), 950-957.

Martin, P. Y., Xu, D. L., Niederberger, M., Weigert, A., Tsai, P., 
St John, J., et al. (1996). Upregulation of endothelial constitu-
tive NOS: a major role in the increased NO production in cir-
rhotic rats. Am J Physiol, 270(3 Pt 2), F494-499.

Mayoral, P., Criado, M., Hidalgo, F., Flores, O., Arevalo, M. A., 
Eleno, N., et al. (1999). Effects of chronic nitric oxide activa-
tion or inhibition on early hepatic fibrosis in rats with bile 
duct ligation. Clin Sci (Lond), 96(3), 297-305.

McCullough, L. K., Takahashi, Y., Le, T., Pittman, Q. J., & 
Swain, M. G. (2000). Attenuated febrile response to lipopoly-
saccharide in rats with biliary obstruction. Am J Physiol Gas-
trointest Liver Physiol, 279(1), G172-177.

Moncada, S. (1993). The L-arginine: nitric oxide pathway, cellu-
lar transduction and immunological roles. Adv Second Mes-
senger Phosphoprotein Res, 28, 97-99.

Moncada, S., Palmer, R. M., & Higgs, E. A. (1991). Nitric oxide: 
physiology, pathophysiology, and pharmacology. Pharma-
col Rev, 43(2), 109-142.

Monzon, M. E., Varas, M. M., & De Barioglio, S. R. (2001). Anx-
iogenesis induced by nitric oxide synthase inhibition and 
anxiolytic effect of melanin-concentrating hormone (MCH) 
in rat brain. Peptides, 22(7), 1043-1047.



Autumn 2012, Volume 3, Number 5

29

Basic and Clinical

Moreira, F. A., Molchanov, M. L., & Guimaraes, F. S. (2004). 
Ionotropic glutamate-receptor antagonists inhibit the aver-
sive effects of nitric oxide donor injected into the dorsolateral 
periaqueductal gray of rats. Psychopharmacology (Berl), 
171(2), 199-203.

Mungrue, I. N., Bredt, D. S., Stewart, D. J., & Husain, M. (2003). 
From molecules to mammals: what's NOS got to do with it? 
Acta Physiol Scand, 179(2), 123-135.

Newton, J. L. (2008). Fatigue in primary biliary cirrhosis. Clin 
Liver Dis, 12(2), 367-383; ix.

Pak, J. M., & Lee, S. S. (1993). Vasoactive effects of bile salts in 
cirrhotic rats: in vivo and in vitro studies. Hepatology, 18(5), 
1175-1181.

Pokk, P., & Vali, M. (2002). The effects of the nitric oxide syn-
thase inhibitors on the behaviour of small-platform-stressed 
mice in the plus-maze test. Prog Neuropsychopharmacol 
Biol Psychiatry, 26(2), 241-247.

Prast, H., & Philippu, A. (2001). Nitric oxide as modulator of 
neuronal function. Prog Neurobiol, 64(1), 51-68.

Quock, R. M., & Nguyen, E. (1992). Possible involvement of 
nitric oxide in chlordiazepoxide-induced anxiolysis in mice. 
Life Sci, 51(25), PL255-260.

Rioux, K. P., Le, T., & Swain, M. G. (2001). Decreased orexi-
genic response to neuropeptide Y in rats with obstructive 
cholestasis. Am J Physiol Gastrointest Liver Physiol, 280(3), 
G449-456.

Roberts, S. M., Skoulis, N. P., & James, R. C. (1987). A centrally-
mediated effect of morphine to diminish hepatocellular glu-
tathione. Biochem Pharmacol, 36(18), 3001-3005.

Rodrigo, J., Alonso, D., Fernandez, A., Serrano, J., & Lopez, J. 
(2000). [Nitric oxide: synthesis, neuroprotection and neuro-
toxicity]. An Sist Sanit Navar, 23(2), 195-235.

Rodriguez Echandia, E. L., Broitman, S. T., & Foscolo, M. R. 
(1987). Effect of the chronic ingestion of chlorimipramine and 
desipramine on the hole board response to acute stresses in 
male rats. Pharmacol Biochem Behav, 26(2), 207-210.

Roohbakhsh, A., Moghaddam, A. H., Massoudi, R., & Zarrin-
dast, M. R. (2007). Role of dorsal hippocampal cannabinoid 
receptors and nitric oxide in anxiety like behaviours in rats 
using the elevated plus-maze test. Clin Exp Pharmacol Phys-
iol, 34(3), 223-229.

Shin, I. C., Kim, H. C., Swanson, J., Hong, J. T., & Oh, K. W. 
(2003). Anxiolytic effects of acute morphine can be modu-
lated by nitric oxide systems. Pharmacology, 68(4), 183-189.

Sogni, P., Moreau, R., Ohsuga, M., Cailmail, S., Oberti, F., 
Hadengue, A., et al. (1992). Evidence for normal nitric oxide-
mediated vasodilator tone in conscious rats with cirrhosis. 
Hepatology, 16(4), 980-983.

Swain, M. G., & Maric, M. (1997). Improvement in cholestasis-as-
sociated fatigue with a serotonin receptor agonist using a novel 
rat model of fatigue assessment. Hepatology, 25(2), 291-294.

Swain, M. G., Rothman, R. B., Xu, H., Vergalla, J., Bergasa, N. 
V., & Jones, E. A. (1992). Endogenous opioids accumulate in 
plasma in a rat model of acute cholestasis. Gastroenterology, 
103(2), 630-635.

Trabace, L., & Kendrick, K. M. (2000). Nitric oxide can differ-
entially modulate striatal neurotransmitter concentrations 
via soluble guanylate cyclase and peroxynitrite formation. J 
Neurochem, 75(4), 1664-1674.

Vale, A. L., Green, S., Montgomery, A. M., & Shafi, S. (1998). 
The nitric oxide synthesis inhibitor L-NAME produces anxio-
genic-like effects in the rat elevated plus-maze test, but not in 
the social interaction test. J Psychopharmacol, 12(3), 268-272.

Vallance, P., & Moncada, S. (1991). Hyperdynamic circulation 
in cirrhosis: a role for nitric oxide? Lancet, 337(8744), 776-778.

Vinade, E. R., Schmidt, A. P., Frizzo, M. E., Izquierdo, I., Elisa-
betsky, E., & Souza, D. O. (2003). Chronically administered 
guanosine is anticonvulsant, amnesic and anxiolytic in mice. 
Brain Research, 977, 97–102.

Volke, V., Koks, S., Vasar, E., Bourin, M., Bradwejn, J., & Man-
nisto, P. T. (1995). Inhibition of nitric oxide synthase causes 
anxiolytic-like behaviour in an elevated plus-maze. Neurore-
port, 6(10), 1413-1416.

Volke, V., Soosaar, A., Koks, S., Bourin, M., Mannisto, P. T., & 
Vasar, E. (1997). 7-Nitroindazole, a nitric oxide synthase in-
hibitor, has anxiolytic-like properties in exploratory models 
of anxiety. Psychopharmacology (Berl), 131(4), 399-405.

Wiest, R., Shah, V., Sessa, W. C., & Groszmann, R. J. (1999). NO 
overproduction by eNOS precedes hyperdynamic splanch-
nic circulation in portal hypertensive rats. Am J Physiol, 
276(4 Pt 1), G1043-1051.

Wiley, J. L., Cristello, A. F., & Balster, R. L. (1995). Effects of 
site-selective NMDA receptor antagonists in an elevated 
plus-maze model of anxiety in mice. Eur J Pharmacol, 294(1), 
101-107.

Xu, L., Carter, E. P., Ohara, M., Martin, P. Y., Rogachev, B., 
Morris, K., et al. (2000). Neuronal nitric oxide synthase and 
systemic vasodilation in rats with cirrhosis. Am J Physiol Re-
nal Physiol, 279(6), F1110-1115.

Yildiz, F., Ulak, G., Erden, B. F., & Gacar, N. (2000). Anxiolytic-
like effects of 7-nitroindazole in the rat plus-maze test. Phar-
macol Biochem Behav, 65(2), 199-202.

Zarrindast, M. R., Asgari-Afshar, A., & Sahebgharani, M. 
(2007). Morphine-induced antinociception in the formalin 
test: sensitization and interactions with D1 and D2 dopamine 
receptors and nitric oxide agents. Behav Pharmacol, 18(3), 
177-184.

Zarrindast, M. R., Askari, E., Khalilzadeh, A., & Nouraei, N. 
(2006). Morphine state-dependent learning sensitization and 
interaction with nitric oxide. Pharmacology, 78(2), 66-71.

Zarrindast, M. R., Hoseindoost, S., & Nasehi, M. (2012). Possi-
ble interaction between opioidergic and cholinergic systems 
of CA1 in cholestasis-induced amnesia in mice. Behav Brain 
Res, 228(1), 116-124.

Zhang, Y. T., Zheng, Q. S., Pan, J., & Zheng, R. L. (2004). Oxida-
tive damage of biomolecules in mouse liver induced by mor-
phine and protected by antioxidants. Basic Clin Pharmacol 
Toxicol, 95(2), 53-58.

Zimatkin, S. M., Baraban, O. V., & Emel'yanchik, S. V. (2008). 
Metabolic changes in rat brain histaminergic neurons dur-
ing subhepatic cholestasis. Neurosci Behav Physiol, 38(8), 
807-810.


