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Abstract
The involvement of the opioidergic system on anxiolytic and anti-nociceptive responses induced by
cholestasis was investigated in cholestatic and addicted mice. Elevated plus-maze and tail-�ick devices
were used to assess anxiety and pain levels, respectively. The data indicated that induction of cholestasis
and injection of opioid drugs including morphine and tramadol enhanced %OAT and %OAE but naloxone
reduced %OAT and %OAE in the sham-operated and bile duct ligated (BDL) mice. Induction of cholestasis
and addiction to morphine and tramadol prolonged tail-�ick latency which was reversed by naloxone. Co-
administration of morphine and tramadol enhanced anxiolytic and analgesic effects in the sham-
operated and BDL mice. It seems (i) cholestasis and addiction affect anxiety and pain behaviors, (ii) µ-
opioid receptors play a key role in anxiolytic and analgesic effects induced by cholestasis, (iii) co-
treatment with morphine and tramadol augmented the effectiveness of them for induction of anxiolytic
and analgesic effects both in cholestatic and addicted mice.

Introduction
Surgical processes of acute liver injury and repair, such as partial hepatectomy or bile duct ligation (BDL),
have been done for decades in rodents to investigate liver regeneration and pathophysiology. The most
commonly used experimental technique for the production of cholestasis is BDL (Zhang et al., 2012,
Esmaeili et al., 2017). In BDL, the common bile duct is ligated that induces functional and structural
variations (Baumgartner et al., 1995) in the liver parenchyma via the intrahepatic and systemic
accumulation of the bile salts which causes progressive �brogenesis, in�ammation, and cirrhosis
(Heinrich et al., 2011, Zarrindast et al., 2012, Yokota et al., 2018). Moreover, numerous cognitive and non-
cognitive processes altered. For example, BDL may impair the learning and memory process (Nasehi et
al., 2013b), cause anxiolytic behaviors (Nasehi et al., 2013a), induce analgesic effect (Hasanein et al.,
2007), produce variations in sleep pattern (Newton, 2008), and result in tremor (Chung et al., 2005). These
potential differences are related to the release of neurotransmitters, the action of synaptic cleft enzymes,
and the receptors in the postsynaptic membrane (Cauli et al., 2009). Research demonstrated that
cholestasis can be altered the activity of opioidergic, dopaminergic, histaminergic, adrenergic,
glutamatergic, GABAergic, cholinergic, and serotoninergic systems (Zarrindast et al., 2012).

An apparent enrichment of the endogenous opioid levels in cholestatic liver disorders and animal models
of cholestasis has been reported (Mombeini et al., 2006, Nelson et al., 2006, Davis, 2007). Consequently,
there is an idea that endogenous opioids contribute to the pathophysiology of cholestasis (Talaenko et
al., 2005, Ebrahimkhani et al., 2006, Zarrindast et al., 2012, Nasehi et al., 2013a). Moreover, there is a
document of reduced opioid receptor numbers in the brains of cholestatic rodents (Bergasa et al., 1992),
and patients with cholestatic itching and BDL animals can show an opioid withdrawal-like syndrome
after being given opioid receptor antagonists (Bergasa et al., 1995, Hasanein et al., 2007). The opioid
system has 3 super-families of the G-protein binding receptors including the µ, δ, and κ receptors. The µ-
opioid receptors are involved in key opioid functions, for instance, anxiety and pain behaviors as well as
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physical dependence (Voronina et al., 1994, Vekovischeva et al., 2001, Saxe et al., 2006, Pasternak and
Pan, 2011, Sanchez-Fernandez et al., 2014).

Anxiety is a psychiatric disorder. It is recognized through behavioral, somatic, and cognitive symptoms.
Anxiety can be induced via numerous autoimmune, metabolic, endocrines, and toxic illnesses (Kessler et
al., 2005). Furthermore, pain is one of the productions of the nociceptive feature that is of key importance
to survival (Emam et al., 2016). Moreover, repeated treatment with opioid drugs may cause drug
dependence (Zarrindast et al., 2003). As mentioned above, cholestasis diseases are related to the
elevation of endogenous opioid levels (Mombeini et al., 2006, Nelson et al., 2006, Davis, 2007), and µ-
opioid receptors are participated in the modulation of anxiety-related behaviors, causing anti-nociceptive
effect, and induction of drug dependence (Voronina et al., 1994, Vekovischeva et al., 2001, Saxe et al.,
2006, Pasternak and Pan, 2011, Sanchez-Fernandez et al., 2014), so the present research aimed to reveal
the possible role of the opioidergic system in the control of anxiety and pain behaviors in cholestatic and
addicted mice using the elevated plus-maze and tail-�ick apparatuses.

Materials And Methods
Ethical approval

This research was performed according to the ethical standards approved by the Research and Ethics
Committee of Tehran University of Medical Sciences and was approved by the local ethical committee at
the Faculty of Pharmacology (NIH publications No. 80-23). 

Animals

256 adult male Naval Medical Research Institute (NMRI) mice weighing 25–35 g (5-8 weeks old) obtained
from the Tehran University of Medical Sciences (Tehran, Iran). 10 mice were kept in the Plexiglas cages
with controlled room temperature, 22 ± 2 ◦C, with a 12 h light/12 h dark cycle that lights on 07:00 h. Mice
had free access to water ad libitum and a standard diet except for the limited times of experiments. All
experimentations were performed between 8 a.m. and 12 p.m. Each test group was included 8 mice and
each mouse was only used once. In this study, all investigational techniques and subjects used were
according to the National and International laws and policies (the Ethics Committee of the Faculty of
Science; Tehran University of Medical Sciences).

Bile duct ligation (BDL) surgery and induction of cholestasis

In this investigation, we used 2 experimental groups including the sham-operated (i.e. without BDL) and
BDL mice. BDL surgery was carried out under hydrochloride (50 mg/kg) and xylazine (4 mg/kg)
anesthesia. The sham-operated animals included laparotomy, bile duct identi�cation, and surgery without
ligation or deletion (to assess possible stress caused through surgery). In the BDL animals, the common
bile duct was ligated using two ligatures nearly 5 mm apart, then transected at the midpoint among the
two ligatures  (Bergasa et al., 1994). Sterile 0.9% physiological saline at a volume of 1 ml/mice
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administrated intraperitoneally immediately after operation (to elude the probable drop in the blood
pressure because of bloodshed in belly surgery). Instantly after the operation, each animal was located in
a cage by itself to elude injury dehiscence and was relocated to its cage 4 h afterward the operation
(Zarrindast et al., 2012, Nasehi et al., 2013a). The operative death was less than 5%.

Induction of dependence 

Five days after BDL operation, animals were rendered dependent on morphine and tramadol, according to
the manner used formerly (Zarrindast and Farzin, 1996). Morphine sulfate and tramadol were
administrated subcutaneously (s.c.) and intraperitoneally (i.p.), respectively 3 times daily at 8, 12, and 16
h upon the following dosage design. The 3 dosages were 25, 50, and 75 mg/kg, respectively. The
maximum dose of the third daily injection was injected to diminish any overnight withdrawal. Morphine
and tramadol were injected over a maximum of 3 days for any group of animals. Also, a dosage of 50
mg/kg of morphine and tramadol was injected on the 4th day (2 h before naloxone injection). Loss of
weight (7–8 %) and death (1%) was observed with chronic injections of morphine and tramadol.

Drugs 

Morphine sulfate (Temad, Iran), tramadol hydrochloride (Tehran Daru, Iran), and naloxone hydrochloride
ampoules (Tolidaru, Iran) were used in this study. All drugs were dissolved in saline. Morphine and
naloxone were administrated s.c. but tramadol was administrated i.p. in a volume of 1 ml/kg. The control
groups received saline. The dosages of drugs used were those active in prior investigations (Zarrindast
and Farzin, 1996, Zarrindast et al., 1999, Zarrindast et al., 2002). 

Elevated plus-maze (EPM) apparatus

The elevated plus maze (EPM) is a common method of anxiety, which is used as a valuable test for
studying anxiogenic or anxiolytic properties of drugs by measuring the amount of time spent in the open
arm and the number of open arm entrances (Pellow et al., 1985, Walf and Frye, 2007). All tests were
carried out in a silent, weakly lit room, separated from the colony room. Animals were permitted to
familiarize themselves with the testing room for 1 h previous to the test. The EPM device had two equally
size open arms (30 cm × 5 cm) and two equally sized closed arms (30 cm × 5 cm). The two closed arms
had 15 cm high with black walls, and these arms were related to a central 5 × 5 cm part. To evade the
animal from falling, a rim of Plexiglas (3 mm high) bounded the edge of the open arms. Mice were alone
located in the midpoint of the maze device facing a closed arm and were allowed 300 sec of free
exploration. The following parameters were measured: (a) the number of entries into the open arms, (b)
the number of entrances into the closed arms, (c) the total time spent in the open arms and (d) the total
time spent in the closed arms was recorded. The entrance was considered as the existence of all paws in
the arms. The percentage of open arm entries and open arm time as the standard anxiety parameters
(Rodgers and Johnson, 1995) were recorded as follows: (a) %OAT (the ratio of times spent in the open
arms to total times spent in any arm × 100); (b) %OAE (the ratio of entries into open arms to total entries
× 100). (c) Total arm entrances were recorded as a comparatively pure index of locomotor activity. 
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Tail-�ick apparatus 

A tail-�ick device was used for assessing the nociceptive response to a thermal stimulus (Borj Sanat
Company, Iran). The response time between the start of the heat stimulus and the removal of the tail from
the heat source was recorded via a sensor as the tail-�ick latency time. Since the tail-�ick latency time
(sec) typically depends on the proximal-distal position of heating on the tail, the tail was marked with a
line in 10 mm increments beginning at the tip (total of 5 increments). Each animal was silently wrapped
in a soft towel, then the dorsal surface of the tail from its distal end was located in the device every 15
min (for 60 min) after saline and drug administrations. The heat source and a timer were activated
instantaneously through a pedal. Both were �nished automatically via a tail movement which exposed a
photocell under the tail and/or by the observer at the end of a 10-sec cut-off time. This cut-off time was
determined to elude skin damage. Individual tail removal latency times were converted to the percentage
of maximum possible effect (%MPE) through the following formula: %MPE = [(test latency-baseline
latency)/ (cut-off latency-baseline latency)] × 100. There were no meaningful changes in baseline tail-�ick
latency times between the test groups before the application of the drugs and/or saline. For all data, the
area under the curve (AUC) of %MPE vs. time was considered from 0 to 60 min by the trapezoidal rule to
de�ne the overall magnitude and the time of effect for the tail-�ick test. The procedures have been
clari�ed in Table 1.

[Table 1 near here]

Experimental design

Experiment 1

In experiment 1, 16 groups of mice were used, which 8 groups were included the sham-operated mice and
the other 8 groups were included the BDL mice. %OAT, %OAE, and locomotor activity was measured in the
sham-operated and BDL mice. The sham-operated and BDL mice received saline (1 ml/kg), naloxone (2
mg/kg), morphine (50 mg/kg), tramadol (50 mg/kg), morphine (50 mg/kg) + tramadol (50 mg/kg),
morphine (50 mg/kg) + naloxone (2 mg/kg), tramadol (50 mg/kg) + naloxone (2 mg/kg) and morphine
(50 mg/kg) + tramadol (50 mg/kg) + naloxone (2 mg/kg). 

Experiment 2

In experiment 2, 16 groups of mice were used. Similar to experiment 1, eight sham-operated groups and
eight BDL groups received saline (1 ml/kg), naloxone (2 mg/kg), morphine (50 mg/kg), tramadol (50
mg/kg), morphine (50 mg/kg) + tramadol (50 mg/kg), morphine (50 mg/kg) + naloxone (2 mg/kg),
tramadol (50 mg/kg) + naloxone (2 mg/kg) and morphine (50 mg/kg) + tramadol (50 mg/kg) + naloxone
(2 mg/kg). Tail-�ick latency time of each animal was recorded by the tail-�ick device.

Statistical analysis
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Kolmogorov–Smirnov �t test was done to determine the distribution normality and variance homogeneity
of results. The results were statistically evaluated by the one-way (one-way ANOVA) and two-way
analyses of variance (two-way ANOVA). All obtained results are indicated as the mean ± standard error of
the mean (S.E.M.). Following a meaningful F-value, Post-hoc analysis (Tukey-test) was done for
assessing exact inter-group comparisons. In all cases, P < 0.05 was revealed as statistically signi�cant.

Results
The effect of BDL and drug dependence on anxiety behavior

In Fig. 1, the effect of BDL and addiction to the opioid drugs (morphine and tramadol) on anxiety
behavior is exhibited. Two-way ANOVA followed by Tukey's test showed that induction of cholestasis and
addiction to opioid drugs increased %OAT [treatment effect: F(1,112) = 15.612, P < 0.001, dose effect:
F(7,112) = 7.983, P < 0.001, treatment-dose interaction: F(7,112) = 2.475, P < 0.05; Fig. 1A] and %OAE
[treatment effect: F(1,112) = 20.403, P < 0.001, dose effect: F(7,112) = 11.529, P < 0.001, treatment-dose
interaction: F(7,112) = 2.286, P < 0.05; Fig. 1B]  but not locomotor activity [treatment effect: F(1,112) =
0.435, P > 0.05, dose effect: F(7,112) = 0.132, P > 0.05, treatment-dose interaction: F(7,112) = 0.545, P >
0.05; Fig. 1C] in the sham-operated and BDL mice. 

[Fig. 1 near here]

The effect of BDL and drug dependence on pain behavior

Fig. 2 indicated the effects of BDL and addiction to morphine and tramadol on tail-�ick latencies. Two-
way ANOVA followed by Tukey's test for repeated measures over time (presented in Fig. 2A, left panel)
exhibited a signi�cant interaction between the opioid drugs doses and the time intervals on MPE% [time
intervals effect: F (1, 56) = 13.741, P < 0.001; opioid drugs effect: F (3, 56) = 15.226, P < 0.001; time
intervals × opioid drugs interaction: F (3, 56) = 24.662, P < 0.001; Fig. 2A, left panel] in the sham-operated
mice. Furthermore, Tukey’s multiple comparisons showed that alone administration of morphine and
tramadol as well as co-administration of them together and naloxone at the time intervals of 15, 30, 45,
and 60 min enhanced MPE%. Also, the similar analyze revealed a signi�cant interaction among the opioid
drugs doses and the time intervals on MPE% [time intervals effect: F (1, 56) = 10.350, P < 0.001; opioid
drugs effect: F (3, 56) = 8.496, P < 0.001; time intervals × opioid drugs interaction: F (3, 56) = 9.482, P <
0.001; Fig. 2A, right panel] in BDL mice. Tukey’s multiple comparisons exhibited that alone injection of
morphine and tramadol as well as co-treatment of them together at the time intervals of 15, 30, 45, and
60 min increased MPE%. 

In addition as shown in Fig. 2B, one-way ANOVA followed by Tukey's post-hoc analysis for normalized
AUC of MPE% values showed that induction of addiction had a signi�cant effect  in the tail-�ick device in
the sham-operated [F(7,56) = 20.053, P < 0.001, Fig. 2B; left panel] and BDL mice [F(7,56) = 14.286, P <
0.001, Fig. 2B; right panel]. 
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[Fig. 2 near here]

Histology

At the end of all tests, liver tissues were examined and processed to verify BDL operation on the tissue
morphology. The liver tissues were �xed in the neuter formol and buffered with 10% phosphate, then
processed using the routine technique of para�n inclusion. Histological sections of 4 µm were stained
via the hematoxylin-eosin technique for morphological assessment (�g. 3) (Titford, 2005, Llewellyn,
2009).

[Fig. 3 near here]

Discussion
Effects of cholestasis and drug dependence on anxiety behaviors  

The present results indicated that the induction of cholestasis and injection of morphine and tramadol
increased %OAT and %OAE while did not affect the locomotor activity in the sham-operated and BDL
mice, suggesting an anxiolytic behavior. On the other hand, the application of naloxone, a µ-opioid
receptor antagonist, decreased %OAT and %OAE whereas did not change locomotor activity in the sham-
operated and BDL mice showing the anxiogenic behavior of this antagonist. According to our results,
research revealed that cholestasis and the application of morphine cause anxiolytic behaviors in
rodents (Eslimi et al., 2011, Nasehi et al., 2013a, Reza Zarrindast et al., 2013). As stated before, acute and
chronic liver failure for instance cholestasis, vary the level of activity of many neurotransmitter systems,
for example, the opioidergic system (Zhang et al., 2004). The plasma level of the endogenous opioid
peptide augmented in the cholestatic patients and rodents (Gholipour et al., 2008). Opioids are involved in
the pathophysiology and manifestation of cholestasis (Bergasa et al., 2000). Furthermore, cholestasis
could modify the release of corticotrophin-releasing hormone (Burak et al., 2002) which may be related to
the cognitive and non-cognitive behaviors induced by cholestasis (Reza Zarrindast et al., 2013). 

Opioid addiction prompts disturbances in mood and triggers anxiety and cognitive de�ciencies
(Swendsen and Merikangas, 2000). Moreover, Motaghinejad and coworkers (2016) reported that regular
standard application of morphine in a continuous pattern supports the initiation of dependency but a
controlled treatment declines morphine dependency and diminishes the severity of withdrawal syndrome.
Also, these researchers reported that numerous dosage treatments of morphine can weaken morphine-
prompted anxiety and cognition de�cits (Motaghinejad et al., 2016). Changing several morphine
regimens reduced morphine-produced anxiety behavior as determined by decreased levels of cortisol and
augmented frequency of entrances and time spent in the open arm of the EPM (Motaghinejad et al.,
2014). 

According to these studies, we suggested that anxiolytic behaviors observed in cholestatic and addicted
mice may be related to the enhancement of the plasma levels of opioid peptides in cholestatic mice
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(Gholipour et al., 2008) and administration of numerous dosage treatments of morphine (Motaghinejad
et al., 2016) which initiated the enhancement of %OAT and %OAE in the sham-operated and BDL mice.
Another possibility for these results may be due to the reduction of cortisol levels in cholestatic and
addicted mice (Burak et al., 2002, Motaghinejad et al., 2014).

Effects of cholestasis and drug dependence on pain behaviors 

The current study found that generation of cholestasis and addiction to opioid drugs (morphine and
tramadol) prolonged the tail-�ick latency, showing the analgesic effect. However, treatment with naloxone
reverses the analgesic effect produced via cholestasis and opioid drugs. We proposed that alone
administration of morphine or tramadol, as well as co-administration of them, together resulted in
the activation of µ-opioid receptors as well as activation of catecholamine and serotonergic
receptors (Gholami et al., 2015, Esmaeili et al., 2017, Subedi et al., 2019) which caused an analgesic
effect in cholestatic and addicted mice. This is in agreement with other studies that the administration of
morphine and tramadol produced an anti-nociceptive effect through the activation of µ-opioid
receptors (Fazli-Tabaei et al., 2005, Zeng et al., 2013, Sousa and Ashmawi, 2015). The analgesic effects
of opioid drugs may stem from the opposing effects of µ-opioid receptors on the GABA inhibitory
neurons (Heinricher et al., 1994) and glutamate neurotransmission (Schepers et al., 2008) in the central
nervous system (CNS). According to our �ndings, Nelson et al. (2006) reported that cholestatic rodents
exhibit anti-nociceptive behavior in response to a thermal stimulus, which is reversed through the opioid
receptor antagonist (naloxone) (Nelson et al., 2006). Moreover, the anti-nociceptive effect has been
reported in cholestatic patients. So, Tian and coworkers (2016) reported that cholestatic patients
indicated analgesia response. These researchers displayed that patients experiencing the orthotopic liver
transplantation for cholestatic diseases exhibited lesser postoperative pain scores and needed less
morphine for analgesia in comparison to patients undergoing liver resection (Tian et al., 2016).  

The opioid drugs were used therapeutically for numerous centuries, understanding that the opioid drugs
are also very addictive (Rivat and Ballantyne, 2016). The opioid analgesics act on the brain via coupling
to the opioid receptors in the brain, spinal cord, and other parts of the body and decrease the pain
sensation. Opioid category drugs, for example, morphine is a very potent analgesic drug, however, is used
less because of its adverse effects of addiction, dependency, and constipation (Gholami et al., 2015,
Subedi et al., 2019). Also, tramadol is used for the treatment of pain and has a potent analgesic
effect (Bravo et al., 2017). The analgesic in�uence of tramadol is ten times lesser than morphine
nonetheless is preferred to be safe in comparison to morphine. Tramadol is described as safe since it
does not prompt addiction when compared with other opioid analgesics (Preston et al., 1991, Subedi et
al., 2019). It prompts an analgesia property by presenting the agonistic activity to the µ-opioid
receptors as well as catecholamine and serotonergic receptors (Gholami et al., 2015, Esmaeili et al., 2017,
Subedi et al., 2019). Moreover, the combination of a μ-opioid agonist with another non-μ-opioid analgesic
may have augmented analgesic effectiveness and/or a better safety pro�le (Smith, 2008). Additional
support comes from the �ndings that the analgesic drugs with double mechanisms of function (μ-opioid
receptor agonist and a second mechanism) tend to have improved therapeutic properties. For example,
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tramadol is a μ-opioid receptor agonist which increases serotonin and norepinephrine transmission,
too (Reeves and Burke, 2008, Thorn et al., 2011). 

In conclusion, due to the effects of s.c. injection of morphine (signi�cant augmentation of anxiolytic and
anti-nociceptive responses in the cholestatic and addicted mice), the effects of i.p. injection of tramadol
(increasing of anxiolytic and analgesic behaviors in the cholestatic and addicted mice), and co-injection
of morphine and tramadol (induction of anxiolytic and enhanced analgesic effects in the cholestatic and
addicted mice), it can be proposed that µ-opioid receptors play a key in the modulation of anxiety and
pain behaviors in cholestatic and addicted mice. The �ndings of the present investigation also support
the main role of µ-opioid receptors in the pathophysiology of cholestasis as well as the modulation of
anxiety and pain behaviors. Based on the �ndings of the present research, it can be proposed that co-
administration of morphine and tramadol increased their effectiveness of them for induction of anxiolytic
response as well as analgesic effect both in cholestatic and addicted mice. Nevertheless, more
experiments are required to clarify the exact mechanisms of action between morphine and tramadol on
the modulation of anxiety and pain behaviors.

Declarations
Acknowledgments

We are thankful to all contributors for their participation.

Author contribution

FK wrote the manuscript. YI and NR acquired the animal data. MRZ was responsible for the study
concept, design, and assisted with the data analysis and interpretation of �ndings. The authors critically
reviewed the content and approved the �nal version for publication.  The authors declare that all data
were generated in-house and that no paper mill was used.

Competing Interests 

No �nancial or other con�icts of interest are declared.

Compliance with ethical standards

The study was performed under ethical standards in all aspects.

Availability of data and materials 

All data and materials are available. 

Consent to Participate

All authors declare consent to participate.



Page 10/19

Consent to Publish 

All authors declare consent to publish.

Funding

This research received no speci�c grant from any funding agency in the public, commercial, or not-for-
pro�t sectors. 

Author statement

FK wrote the manuscript. YI and NR acquired the animal data. MRZ was responsible for the study
concept, design, and assisted with the data analysis and interpretation of �ndings. The authors critically
reviewed the content and approved the �nal version for publication. The authors declare that all data
were generated in-house and that no paper mill was used.

Con�ict of interest

No �nancial or other con�icts of interest are declared.

Compliance with ethical standards

The study was performed in accordance with ethical standards in all aspects.

References
1. Baumgartner U, Scholmerich J, Weitzel C, Ihling C, Sellinger M, Lohle E, Ruf G, Gerok W, Farthmann

EH (1995) Pattern of bile acid regurgitation and metabolism during perfusion of the bile duct
obstructed rat liver. J Hepatol 22:208–218

2. Bergasa NV, Alling DW, Talbot TL, Swain MG, Yurdaydin C, Turner ML, Schmitt JM, Walker EC, Jones
EA (1995) Effects of naloxone infusions in patients with the pruritus of cholestasis. A double-blind,
randomized, controlled trial. Ann Intern Med 123:161–167

3. Bergasa NV, Alling DW, Vergalla J, Jones EA (1994) Cholestasis in the male rat is associated with
naloxone-reversible antinociception. J Hepatol 20:85–90

4. Bergasa NV, Mehlman JK, Jones EA (2000) Pruritus and fatigue in primary biliary cirrhosis. Baillieres
Best Pract Res Clin Gastroenterol 14:643–655

5. Bergasa NV, Rothman RB, Vergalla J, Xu H, Swain MG, Jones EA (1992) Central mu-opioid receptors
are down-regulated in a rat model of cholestasis. J Hepatol 15:220–224

�. Bravo L, Mico JA, Berrocoso E (2017) Discovery and development of tramadol for the treatment of
pain. Expert Opin Drug Discov 12:1281–1291

7. Burak KW, Le T, Swain MG (2002) Increased sensitivity to the locomotor-activating effects of
corticotropin-releasing hormone in cholestatic rats. Gastroenterology 122:681–688



Page 11/19

�. Cauli O, Rodrigo R, Llansola M, Montoliu C, Monfort P, Piedra�ta B, El Mlili N, Boix J, Agusti A, Felipo V
(2009) Glutamatergic and gabaergic neurotransmission and neuronal circuits in hepatic
encephalopathy. Metab Brain Dis 24:69–80

9. Chung CH, Wang CH, Tzen CY, Liu CP (2005) Intrahepatic cholestasis as a paraneoplastic syndrome
associated with pheochromocytoma. J Endocrinol Invest 28:175–179

10. Davis M (2007) Cholestasis and endogenous opioids: liver disease and exogenous opioid
pharmacokinetics. Clin Pharmacokinet 46:825–850

11. Ebrahimkhani MR, Kiani S, Oakley F, Kendall T, Shariftabrizi A, Tavangar SM, Moezi L, Payabvash S,
Karoon A, Hoseininik H, Mann DA, Moore KP, Mani AR, Dehpour AR (2006) Naltrexone, an opioid
receptor antagonist, attenuates liver �brosis in bile duct ligated rats. Gut 55:1606–1616

12. Emam AH, Hajesfandiari N, Shahidi S, Komaki A, Ganji M, Sarihi A (2016) Modulation of nociception
by medial pre-optic area orexin a receptors and its relation with morphine in male rats. Brain Res Bull
127:141–147

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

14. Esmaeili Z, Mohammadi S, Nezami A, Rouini MR, Ardakani YH, Lavasani H, Ghazi-Khansari M (2017)
A disposition kinetic study of Tramadol in bile duct ligated rats in perfused rat liver model. Biomed
Pharmacother 91:251–256

15. Fazli-Tabaei S, Yahyavi SH, Alagheband P, Samie HR, Safari S, Rastegar F, Zarrindast MR (2005)
Cross-tolerance between antinociception induced by swim-stress and morphine in formalin test.
Behav Pharmacol 16:613–619

1�. Gholami M, Saboory E, Mehraban S, Niakani A, Banihabib N, Azad MR, Fereidoni J (2015) Time
dependent antinociceptive effects of morphine and tramadol in the hot plate test: using different
methods of drug administration in female rats. Iran J Pharm research: IJPR 14:303–311

17. Gholipour T, Riazi K, Noorian AR, Jannati A, Honar H, Doratotaj B, Nik HH, Shariftabrizi A, Dehpour AR
(2008) Seizure susceptibility alteration following reversible cholestasis in mice: Modulation by
opioids and nitric oxide. Eur J Pharmacol 580:322–328

1�. Hasanein P, Parviz M, Keshavarz M, Javanmardi K, Allahtavakoli M, Ghaseminejad M (2007)
Modulation of cholestasis-induced antinociception in rats by two NMDA receptor antagonists: MK-
801 and magnesium sulfate. Eur J Pharmacol 554:123–127

19. Heinrich S, Georgiev P, Weber A, Vergopoulos A, Graf R, Clavien PA (2011) Partial bile duct ligation in
mice: a novel model of acute cholestasis. Surgery 149:445–451

20. Heinricher MM, Morgan MM, Tortorici V, Fields HL (1994) Disinhibition of off-cells and
antinociception produced by an opioid action within the rostral ventromedial medulla. Neuroscience
63:279–288

21. Kessler RC, Brandenburg N, Lane M, Roy-Byrne P, Stang PD, Stein DJ, Wittchen HU (2005) Rethinking
the duration requirement for generalized anxiety disorder: evidence from the National Comorbidity
Survey Replication. Psychol Med 35:1073–1082



Page 12/19

22. Llewellyn BD (2009) Nuclear staining with alum hematoxylin. Biotech Histochem 84:159–177

23. Mombeini T, Roushanzamir F, Jorjani M, Pourpak Z, Gaskari SA, Mehr SE, Dehpour AR (2006)
Alteration in speci�c opioid-receptor labeling on peripheral blood leukocytes of bile duct-ligated rat.
Pathophysiology 13:111–117

24. Motaghinejad M, Fatima S, Banifazl S, Bangash MY, Karimian M (2016) Study of the effects of
controlled morphine administration for treatment of anxiety, depression and cognition impairment in
morphine-addicted rats. Adv biomedical Res 5:178

25. Motaghinejad M, Motevalian M, Asadi-Ghalehni M, Motaghinejad O (2014) Attenuation of morphine
withdrawal signs, blood cortisol and glucose level with forced exercise in comparison with clonidine.
Adv Biomed Res 3:171

2�. Nasehi M, Ka� F, Zarrindast MR (2013a) Differential mechanisms of opioidergic and dopaminergic
systems of the ventral hippocampus (CA(3)) in anxiolytic-like behaviors induced by cholestasis in
mice. Eur J Pharmacol 714:352–358

27. Nasehi M, Piri M, Abbolhasani K, Zarrindast MR (2013b) Involvement of opioidergic and nitrergic
systems in memory acquisition and exploratory behaviors in cholestatic mice. Behav Pharmacol
24:180–194

2�. Nelson L, Vergnolle N, D'Mello C, Chapman K, Le T, Swain MG (2006) Endogenous opioid-mediated
antinociception in cholestatic mice is peripherally, not centrally, mediated. J Hepatol 44:1141–1149

29. Newton JL (2008) Fatigue in primary biliary cirrhosis. Clin Liver Dis 12:367–383 ix

30. Pasternak G, Pan YX (2011) Mu opioid receptors in pain management. Acta Anaesthesiol Taiwan
49:21–25

31. Pellow S, Chopin P, File SE, Briley M (1985) Validation of open:closed arm entries in an elevated plus-
maze as a measure of anxiety in the rat. J Neurosci Methods 14:149–167

32. Preston KL, Jasinski DR, Testa M (1991) Abuse potential and pharmacological comparison of
tramadol and morphine. Drug Alcohol Depend 27:7–17

33. Reeves RR, Burke RS (2008) Tramadol: basic pharmacology and emerging concepts. Drugs Today
(Barc) 44:827–836

34. Reza Zarrindast M, Eslimi Esfahani D, Oryan S, Nasehi M, Torabi Nami M (2013) Effects of dopamine
receptor agonist and antagonists on cholestasis-induced anxiolytic-like behaviors in rats. Eur J
Pharmacol 702:25–31

35. Rivat C, Ballantyne J (2016) The dark side of opioids in pain management: basic science explains
clinical observation. Pain Rep 1:e570

3�. Rodgers RJ, Johnson NJ (1995) Factor analysis of spatiotemporal and ethological measures in the
murine elevated plus-maze test of anxiety. Pharmacol Biochem Behav 52:297–303

37. Sanchez-Fernandez C, Montilla-Garcia A, Gonzalez-Cano R, Nieto FR, Romero L, Artacho-Cordon A,
Montes R, Fernandez-Pastor B, Merlos M, Baeyens JM, Entrena JM, Cobos EJ (2014) Modulation of
peripheral mu-opioid analgesia by sigma1 receptors. J Pharmacol Exp Ther 348:32–45



Page 13/19

3�. Saxe G, Geary M, Bedard K, Bosquet M, Miller A, Koenen K, Stoddard F, Moulton S (2006) Separation
anxiety as a mediator between acute morphine administration and PTSD symptoms in injured
children. Ann N Y Acad Sci 1071:41–45

39. Schepers RJ, Mahoney JL, Shippenberg TS (2008) In�ammation-induced changes in rostral
ventromedial medulla mu and kappa opioid receptor mediated antinociception. Pain 136:320–330

40. Smith HS (2008) Combination opioid analgesics. Pain Physician 11:201–214

41. Sousa AM, Ashmawi HA (2015) Local analgesic effect of tramadol is not mediated by opioid
receptors in early postoperative pain in rats. Braz J Anesthesiol 65:186–190

42. Subedi M, Bajaj S, Kumar MS, Yc M (2019) An overview of tramadol and its usage in pain
management and future perspective. Biomed Pharmacother 111:443–451

43. Swendsen JD, Merikangas KR (2000) The comorbidity of depression and substance use disorders.
Clin Psychol Rev 20:173–189

44. Talaenko AN, Krivobok GK, Pankrat'ev DV, Goncharenko NV (2005) [Neurochemical mechanisms of
dorsal pallidum in antiadverse effects of anxiolytics of different models of anxiety]. Ross Fiziol Zh
Im I M Sechenova 91:776–784

45. Thorn DA, Zhang Y, Peng BW, Winter JC, Li JX (2011) Effects of imidazoline I(2) receptor ligands on
morphine- and tramadol-induced antinociception in rats. Eur J Pharmacol 670:435–440

4�. Tian B, Wang XL, Huang Y, Chen LH, Cheng RX, Zhou FM, Guo R, Li JC, Liu T (2016) Peripheral and
spinal 5-HT receptors participate in cholestatic itch and antinociception induced by bile duct ligation
in rats. Sci Rep 6:36286

47. Titford M (2005) The long history of hematoxylin. Biotech Histochem 80:73–78

4�. Vekovischeva OY, Zamanillo D, Echenko O, Seppala T, Uusi-Oukari M, Honkanen A, Seeburg PH,
Sprengel R, Korpi ER (2001) Morphine-induced dependence and sensitization are altered in mice
de�cient in AMPA-type glutamate receptor-A subunits. J Neurosci 21:4451–4459

49. Voronina TA, Chobanov NG, Molodavkin GM, Zhukov VN (1994) [Increase in anxiety and decrease in
pain sensitivity in offspring of rats after prenatal morphine exposure]. Biull Eksp Biol Med 118:154–
156

50. Walf AA, Frye CA (2007) The use of the elevated plus maze as an assay of anxiety-related behavior
in rodents. Nat Protoc 2:322–328

51. Yokota S, Ono Y, Nakao T, Zhang P, Michalopoulos GK, Khan Z (2018) Partial Bile Duct Ligation in the
Mouse: A Controlled Model of Localized Obstructive Cholestasis. J Vis Exp

52. Zarrindast MR, Assadi E, Oryan S, Torkaman-Boutorabi A, Sahebgharani M (2003) In�uence of
histamine, cimetidine and pyrilamine on naloxone-induced jumping in morphine-dependent mice. Eur
J Pharmacol 471:105–112

53. Zarrindast MR, Farzin D (1996) Nicotine attenuates naloxone-induced jumping behaviour in
morphine-dependent mice. Eur J Pharmacol 298:1–6



Page 14/19

54. Zarrindast MR, Habibi M, Borzabadi S, Fazli-Tabaei S, Hossein Yahyavi S, Rostamin P (2002) The
effects of dopamine receptor agents on naloxone-induced jumping behaviour in morphine-dependent
mice. Eur J Pharmacol 451:287–293

55. Zarrindast MR, Hoseindoost S, Nasehi M (2012) Possible interaction between opioidergic and
cholinergic systems of CA1 in cholestasis-induced amnesia in mice. Behav Brain Res 228:116–124

5�. Zarrindast MR, Naghipour B, Roushan-zamir F, Shafaghi B (1999) Effects of adenosine receptor
agents on the expression of morphine withdrawal in mice. Eur J Pharmacol 369:17–22

57. Zeng P, Chen JX, Yang B, Zhi X, Guo FX, Sun ML, Wang JL, Wei J (2013) Attenuation of systemic
morphine-induced analgesia by central administration of ghrelin and related peptides in mice.
Peptides 50:42–49

5�. Zhang Y, Hong JY, Rockwell CE, Copple BL, Jaeschke H, Klaassen CD (2012) Effect of bile duct
ligation on bile acid composition in mouse serum and liver. Liver Int 32:58–69

59. Zhang YT, Zheng QS, Pan J, Zheng RL (2004) Oxidative damage of biomolecules in mouse liver
induced by morphine and protected by antioxidants. Basic Clin Pharmacol Toxicol 95:53–58

Tables
Table 1 The table clari�es procedures.



Page 15/19

Fig. Drug injection) Effect on
anxiety

Effect on pain

 

 

 

 

1

Saline (1 ml/kg)

Naloxone (2 mg/kg)

Morphine (50 mg/kg)

Tramadol (50 mg/kg)

Morphine (50 mg/kg)+tramadol (50 mg/kg) 

Morphine (50 mg/kg)+naloxone (2 mg/kg)

Tramadol (50 mg/kg)+naloxone (2 mg/kg) 

Morphine (50 mg/kg)+tramadol (50 mg/kg)+naloxone
(2 mg/kg)

    

 

 Anxiolytic effect
    

 

 

 

 

-

 

 

2

 

Saline (1 ml/kg)

Naloxone (2 mg/kg)

Morphine (50 mg/kg)

Tramadol (50 mg/kg)

Morphine (50 mg/kg)+tramadol (50 mg/kg) 

Morphine (50 mg/kg)+naloxone (2 mg/kg)

Tramadol (50 mg/kg)+naloxone (2 mg/kg) 

Morphine (50 mg/kg)+tramadol (50 mg/kg)+naloxone
(2 mg/kg)

 

 

-

 

 

Analgesic
effect 

Figures



Page 16/19

Figure 1

The effect of BDL and addiction to opioid drugs on anxiety behavior in mice. Sixteen groups of mice were
used. The eight sham-operated groups and eight BDL groups received saline (1 ml/kg), naloxone (2
mg/kg), morphine (50 mg/kg), tramadol (50 mg/kg), morphine (50 mg/kg) + tramadol (50 mg/kg),
morphine (50 mg/kg) + naloxone (2 mg/kg), tramadol (50 mg/kg) + naloxone (2 mg/kg) and morphine
(50 mg/kg) + tramadol (50 mg/kg) + naloxone (2 mg/kg). %OAT, %OAE, and locomotor activity was
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measured in the sham-operated and BDL mice. Each bar indicated the mean ± S.E.M of %OAT (A), %OAE
(B) or locomotor activity (C). Signi�cant differences: * P < 0.05 and ** P < 0.01 compared to saline group. 

Figure 2

The effect of BDL and addiction to opioid drugs on pain behavior in mice. (A; left panel) The percentage
of maximal possible effect (MPE%) of morphine in the sham-operated groups at 15, 30, 45, and 60 min
after administration. (A; right panel) The percentage of maximal possible effect (MPE%) of morphine in
BDL groups at 15, 30, 45, and 60 min after injection. Each bar showed the mean of MPE% ± S.E.M. *P <
0.05, **P < 0.01 and ***P < 0.001 as compared with saline control group. (B) The area under the curves
(AUCs) measured for %MPEs in a 60-min period in the tail-�ick test (left panel for the sham-operated
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groups and right panel for BDL groups). Each bar exhibited the mean of AUC ± S.E.M. *P < 0.05, **P <
0.01 and *** P < 0.001 as compared with the saline control group.

Figure 3

Histological sections of the liver tissues in the sham-operated and BDL mice. The histological sections
vary for inter-cellular space and the number of cells.
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