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Summary 
Decades of studies on alcohol dependence showed that it is a very complex and multifactorial 
disorder. Several receptor systems are involved in development and susceptibility to alcohol 
abuse; however, there are some which play a crucial role in its pathogenesis, e.g. dopaminergic 
or opioid system. In this paper, an effort is made to explain the role of endogenous opioid 
system activity in alcohol dependence. To achieve the goal, we use a unique model is 
used which shows mice lines that are divergently selected for high (HA) and low (LA) 
stress-induced analgesia. This process allowed for selecting individuals characterised by 
hyperactive (HA) or hypoactive (LA) opioid system. Basing on the performed experiments, 
we proved that delta opioid receptors play a critical role in the development of addiction. 
The most notable achievement is an unspecific reaction of mice with the hyperactive opioid 
system to naloxone – an unspecific opioid system antagonist, which is currently approved in 
the pharmacotherapy of dependent patients.    
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Streszczenie
Uzależnienie od alkoholu jest chorobą wieloczynnikową, za której etiologię odpowiedzialnych 
jest kilka mechanizmów. Wieloletnie badania pozwoliły na zidentyfikowanie kilku układów 
receptorowych, które są zaangażowane w rozwój oraz podatność do uzależnienia od 
alkoholu, jednakże niektóre z nich odgrywają krytyczną rolę w jego patogenezie np. układ 
dopaminergiczny lub opioidowy. W niniejszym artykule przedstawiamy wyniki badań, 
których celem było określenie roli endogennej aktywności układu opioidowego w uzależnieniu 
od alkoholu. Do realizacji tego celu wykorzystano unikalny model myszy selekcjonowanych w 
kierunku wysokiej (HA) oraz niskiej (LA) analgezji postresowej. Proces selekcji pozwolił na 
wybranie osobników charakteryzujących się wysoką (HA) oraz niską (LA) aktywnością układu 
opioidowego. Na podstawie przeprowadzonych eksperymentów, udowodniliśmy krytyczną 
rolę receptorów opioidowych typu delta w rozwoju uzależnienia od alkoholu. Godnym uwagi 
osiągnięciem było wykazanie niespecyficznej reakcji myszy o wysokiej aktywności układu 
opioidowego na nalokson – niespecyficznego antagonistę receptorów opioidowych, który jest 
aktualnie używany w farmakoterapii uzależnionych pacjentów.

Słowa kluczowe: uzależnienie od alkoholu, selekcjonowane linie myszy, układ opioidowy
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Introduction

Alcohol dependence is a multi-stage relapsing disorder, whose etiology is not fully understood. It is believed 
that several mechanisms are engaged in the development and course of alcohol illness. The complexity of this 
disorder manifests itself by the involvement of several receptor systems (glutaminergic, GABAergic, opioid, 
cannabinoid, dopaminergic, cholinergic, serotonergic) in mediating the rewarding and reinforcing effects 
of ethanol [1,2,3]. The abovementioned stages of which alcohol abuse consists of are: I – initiation of ethanol 
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consumption, II – maintenance of consumption, III – craving and IV – relapse. It is environmental factors (i.e. 
stress) that are mainly responsible for the first phase of alcohol dependence. The further stage is caused by 
genetic factors (i.e. polymorphisms in alcohol metabolism genes) or genetic-environmental factors interactions. 
Craving or reinstatement of reward results from neuroadaptations, mainly in glutaminergic and GABAergic 
transmission, occurring during chronic ethanol ingestion [4,5,6]. As there is no effective pharmacotherapy of 
dependent patients, most of them return to alcohol drinking within three-years after the therapy [7].

The impact of the opioid system neurotransmission on the development and course of alcohol dependence is 
well-documented, hence experiments in which mouse characterised by high and low endogenous opioid system 
activity are used may help in better understanding of its role in the addiction process or trying to develop some 
new pharmacotherapies [3,8]. This model is well documented in the subjects with alcohol dependence [9,10,11], 
effects of chronic mild stress (CMS) [12], melanoma growth [13,14], and morphine efficacy [15]. It was developed 
on the basis of differences in the level of stress-induced analgesia (SSIA) resulting from the opioid system activity 
[16]. Thence two contrary lines were established: high-analgesia (HA), characterised by very high phenomenon 
of SSIA and low-analgesia (LA). Despite different endogenous opioid system activity, both lines have distinct 
blood-brain barrier (BBB) permeability [17]. Opposing to LA mice, HA mice have a very low selectivity of the 
BBB, which is the effect of lower expression of cell adhesion proteins – claudins and occludins [18]. 

To this date, over 90 generations of HA and LA were bred and selection is still maintained according to 
the protocol outlined in the Institute of Genetic of Animal Breeding of Polish Academy of Sciences [16,19]. In 
this paper, current findings on alcohol dependence in this unique model are presented. Secondly, the issue of 
morphine tolerance is discussed. 

Aim of the work

The goal of this paper is to show current findings on alcohol dependence in this unique model of mice.

Alcohol dependence in HA and LA mice

As it was mentioned above after many years of research, it is well-documented that opioid system plays 
a critical role in the development of ethanol dependence and further ethanol consumption [3,20]. Activation 
of specific types of opioid receptors, after alcohol administration, may result in producing rewarding (delta 
and mu opioid receptors activation) or aversive (kappa opioid receptors activation) effects [21,22]. Due to high 
differences in endogenous opioid system activity, HA and LA mice were proposed as a  good model to study 
the effect of this receptor system in ethanol dependence [9]. However, these lines cannot be considered as 
alcohol preferring and non-preferring lines, because of aversion to 8% alcohol and low difference of ethanol 
preference between them; approximately 25% preference in LA and 10% in HA mice in normal conditions [9]. 
Additionally, metabolism of alcohol is on the same level in both lines, which was assessed by measuring blood 
ethanol concentration (BEC) [10].

The first study performed on HA and LA lines on ethanol dependence proved that the congenital difference 
in endogenous opioid system activity causes differences in ethanol intake. In normal conditions, hyperactivity 
of this receptor system slightly decreases the daily consumed amount of ethanol [9]. Applying chronic mild 
stress (CMS) conditions causes that the LA mice are more likely to drink ethanol – almost 5 times more than in 
normal conditions, while there was no change of preference in the HA strain. Therefore, it has been postulated 
that CMS reveals a  hidden phenotype, where a  low endogenous activity of the opioid system plays a  critical 
role in the predisposition to the development of alcohol dependence [9]. Further studies showed that a chronic 
stress stimulus leads to the development of depressive-like behaviour only in the mice characterised by a high 
endogenous activity of the opioid system, which was assessed in a tail-suspension test (TST). Moreover, the hot-
plate test (HP) revealed that stressful conditions are responsible for a slight increase of nociception in the HA 
mice, whereas there was no such effect in the LA mice. Ingestion of small doses of ethanol by the high analgesia 
mice caused an attenuation of CMS-induced depressive-like behaviour and pain perception [12].

Sequencing the Oprd1 gene, which codes delta opioid receptors, revealed an interesting transition C320T 
resulting in an A107V substitution, present in the colony of HA and LA mice [10]. In both lines, individuals with 
the CT genotype demonstrate an increased ethanol intake and preference, both in normal and CMS conditions, 
but the genotype effect is more significant in the mice with the endogenously hypoactive opioid system. Similarly 
to the previous studies, the development of depressive-like behaviour was defined by TST. After ingestion of 
ethanol under normal conditions, immobility time during TST remained unchanged in both genotypes of HA 
and LA mice. However, under stressful conditions, the presence of C320T transition results in a  lower anti-
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depressive effect of ethanol in the HA mice. Surprisingly, in the CT LA mice, ethanol caused pro-depressive effect 
despite a small effect of CMS [10].

The latest study performed on these divergently selected mouse lines focused on determining the role of 
endogenous opioid system activity and the subtypes of opioid receptors in the development of alcohol dependence 
[11]. Non-selective pharmacological antagonism of the opioid system by intraperitoneal administration of 
naloxone (NLX) resulted in a drastic increase of ethanol intake and preference in mice with a hyperactive opioid 
system. The development of depressive-like and anxiety-like behaviour, assessed in the TST and elevated-plus 
maze test (EPM), was observed during NLX therapy in HA mice, which may be a possible mechanism responsible 
for their high increase of ethanol consumption parameters. Ethanol ingestion had an anti-depressive and 
anxiolytic effect making individuals feel better and leading to uncontrolled ethanol consumption. This result is 
very interesting, as it points to a danger of using other non-selective antagonist of the opioid system – naltrexone, 
which is FDA approved drug in the therapy of alcohol-dependent patients [11]. However, stimulation of this 
receptor system by morphine caused slight attenuation of ethanol self-administration in both lines, but in the 
HA mice, the effect was more pronounced [Unpublished data]. 

An administration of a selective DOR antagonist – naltrindole (NTI), resulted in a very high increase of ethanol 
intake and preference – almost 90% preference for ethanol in HA mice, while no effect of DOR blockade was 
observed in LA mice. Results from other studies on DOR impact on ethanol consumption are not consistent. Some 
studies point out that the blockage of DOR or knock out of DOR gene induces ethanol intake [23,24,25]. However, 
there are also many studies reporting that treatment by DOR specific antagonists causes attenuation of ethanol 
drinking parameters [26,27,28,29]. Differences may result from different animal models used in the experiments 
but also because of the presence of delta1 and delta2, which have an opposing effect on ethanol consumption [30]. 
Moreover, the administration of NTI to CT heterozygotes of both lines caused no effect, despite their higher 
basal ethanol preference. It has been proven that C320T transition causes dysfunction of the DOR, resulting in 
the absence of NTI effect on ethanol consumption [10,11]. While comparing the studies by Sacharczuk et al. and 
Poznanski et al., different degree in response to congenital dysfunction and pharmacological blockage between 
HA and LA mice is explained by the possibility of compensation of delta opioid receptors dysfunction by mu 
opioid receptors in HA individuals with C320T transition, hence the genetic effect is more significant in LA mice. 
Additionally, pharmacological antagonism is ‘artificial’ at a specific point in time, thus there is no compensation 
mechanism established, and effect of the pharmacological blockade is more significant in HA mice [10,11]. 

Using cyprodime (CYP) – a selective MOR antagonist, induced an effect in the same manner as DOR blockage 
but with lower efficiency. This result is not consistent with other studies considering MOR blockage or MOR KO 
mice [31,32,33]. It has been proposed that difference may be a result of the development of the compensatory 
mechanism, which may neutralise the lack of rewarding the effect of endogenous opioids [11].

The antagonism of third opioid receptor subtype – KOR, by nor-Binaltorphinine slightly brought down ethanol 
intake and preference [11]. A  number of pharmacological and knock-out studies indicate that impairment of 
dynorphin/kappa opioid receptor system causes attenuation of voluntary ethanol consumption [34,35,36,37,38]. 
Morales et al. observed that nor-Binaltorphimine attenuated a voluntary ethanol intake in female adults. They 
concluded that it might be related to sex differences in response to stressful situations (e.g. isolate-housing) 
[38]. Another publication reported that a systemic administration of nor-Binaltorphimine causes attenuation of 
ethanol consumption only in ethanol-dependent animals, while there was no effect in nondependent individuals 
[36]. Also, mice lacking kappa opioid receptors or preprodynorphin displayed a lower ethanol intake than their 
wild-type counterparts [34,35]. 

To this date, studies on alcohol dependence performed on HA and LA mice confirmed that the opioid system 
plays an essential role in the risk of occurrence and course of alcohol dependence. They also showed that the 
role of the interaction between genetic risk factors (low endogenous opioid system activity) and environmental 
factors (chronic mild stress) is critical in the development of ethanol dependence [9,10,11,12,39]. Also, it has 
been proven that DOR plays a major role in the development and course of alcohol illness [10,11]. The results 
obtained from these dependence studies may also lead to the explanation of the low therapeutic effect of 
nonselective antagonists of the opioid system in the pharmacotherapy of addicts. Ineffectiveness of this drug 
has been explained by blockage of all subtypes of opioid receptors, which have a different influence on ethanol 
intake [11]. Summarising, alcohol dependence is a very complex disorder and its pharmacotherapy should be 
personalised to avoid severe consequences as it was shown by using the non-selective opioid antagonist.

Review of research on alcohol dependence...
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Morphine tolerance in HA and LA mice

Another issue related to dependence studied in HA and LA mice was the phenomenon of tolerance. Both 
lines were examined for tolerance to morphine-, stress-induced analgesia and cross-tolerance between them. 
Panocka et al. showed that an approximately 2-week period of everyday swimming can cause tolerance to 
stress-induced analgesia in mice. By applying more severe procedure of chronic stress (swimming every 2h for 2 
days), it is possible to produce cross-tolerance to analgesic effect of morphine. They explained this phenomenon 
by continuous ligand binding to opioid receptors which causes their desensitisation during harsher stress 
procedure [15]. Repeated injections of morphine also produced tolerance, resulting in decreased analgesia 
effect of this drug. HA mice are more sensitive to morphine-induced analgesia approximately 4-fold, despite that 
there were no differences in the degree of tolerance to morphine between HA and LA mice [40]. Further studies, 
in which a nonclassical model of dependence was used, showed that despite genetic differences between both 
lines, there were no differences in the degree of morphine dependence [41].

Conclusions

We concluded that due to very unique characteristics of HA and LA mice such as a  different endogenous 
opioid system activity and differences in blood-brain barrier structure, they can be used in a broad spectrum 
of medical studies such as alcohol dependence, pain or melanoma studies. Studies on our model showed that the 
naloxone, an FDA approved the drug, can be very dangerous in the therapy of people with enhanced opioid system 
activity. Also, our results indicate that pharmacotherapy of alcohol-dependent patients is very complicated due 
to individual traits in patients. Accordingly, it should be personalised in the most cases. 
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