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 Background: Increased levels of endogenous opioids have been observed in patients with schizophrenia; however, the in-
fluence of these endogenous opioids on the biology of schizophrenia remains unclear. The aim of this study 
was to evaluate the impact of beta-endorphin (BE) on the course of schizophrenia and risk of relapse.

 Material/Methods: The study included 25 patients hospitalized with schizophrenia and 47 controls. Their symptoms were evalu-
ated using Positive and Negative Syndrome Scale (PANSS) and composite index at five points: at the onset of 
hospitalization; after 4, 6 and 10 weeks of treatment; and after 12 months. b-endorphin plasma concentra-
tions were assessed in patients at study enrollment and after 6 weeks of treatment. Data regarding rehospi-
talization during follow-up were also collected.

 Results: Patients had higher BE concentration than controls at study enrollment (P=0.002) and after 6 weeks (P=0.000). 
BE levels increased during treatment (mean 0.538ng/mL vs. mean 0.624 ng/mL; P=0.007). No correlation was 
found between BE concentration and PANSS subscale score at any stage of the study. A higher BE level at study 
enrollment was related to a predominance of negative symptoms after 1 year, measured with composite in-
dex (R=–0.404; P=0.045). Patients who were later hospitalized again were significantly more likely to demon-
strate an increase in BE levels over 6 weeks (P=0.001).

 Conclusions: Individuals with schizophrenia demonstrated higher BE concentrations than healthy controls; this tendency 
was particularly apparent in those affected by negative symptoms. The imbalance in the endogenous opioid 
system might adversely alter the course of disease and predispose patients to persistence of negative symp-
toms, despite antipsychotic treatment.
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Background

Excess levels of endogenous opioids have been widely reported 
in patients with schizophrenia, and it has been hypothesized 
that such imbalances in opioid-dopamine interaction can in-
fluence the pathogenesis of schizophrenia [1]. Although find-
ings in this field were initially promising, interest in the top-
ic has generally died off. In addition, studies that have been 
published were weakened by various limitations, mainly small, 
non-homogenous patient samples, short periods of observa-
tion, and less accurate methods of biochemical assay [2,3]. 
Although further studies have provided some additional in-
formation, the role of endogenous opioids in pathogenesis of 
schizophrenia remains unclear. Scientific interest in this area 
is once again increasing. There are more data about biochem-
istry of endogenous opioids and their levels may be easy to 
detect using more precise methods. Moreover, research in 
this area is expanding to and opioid receptor has been postu-
lated to play a role in the pathogenesis of schizophrenia [4].

Beta-endorphin (BE) is believed to be the most potent endoge-
nous opioid detectable in both the peripheral and central nervous 
systems. Elevated BE concentrations are thought to influence 
the activity of dopamine, a precursor of endogenous opioids. 
Dopamine release is also indirectly enhanced by presynaptic 
opioid μ receptors, which also decrease dopamine pathway in-
hibition [5]. Endogenous opioid immunoreactivity has also been 
detected in various brain structures, including the hippocam-
pus, olfactory bulb, band of Broca, basal ganglia, and cerebel-
lum [6], some of which play crucial roles in the pathogenesis of 
schizophrenia. In addition, opioid μ receptors modulate meso-
limbic-mesocortical dopamine activity [7]. It has been suggest-
ed that some symptoms might be precipitated by alterations 
in BE level associated with a dysfunction in the modulatory ef-
fect of endogenous opioids on the dopaminergic system [8].

Numerous studies also indicate that opiate antagonists may 
have potential antipsychotic properties [9,10]. Significantly el-
evated BE concentrations have been found in patients with 
schizophrenia compared to healthy controls [11–13]. Despite 
symptomatic improvement, the course of schizophrenia of-
ten fluctuates and acute positive symptoms often overlap 
with negative and cognitive symptoms. Significantly higher BE 
concentrations also have been found in patients with schizo-
phrenia who have severe negative symptoms than in those 
with predominantly acute positive symptoms, and that vari-
ous individually-tailored antipsychotic treatments result in an 
observed “normalization” of BE levels [11]. It should be not-
ed that both negative symptoms at discharge from the hos-
pital and severe positive symptoms at admission are predic-
tors of a chronic course of schizophrenia [14]. Individuals with 
a chronic course of schizophrenia recently have been shown 
to have significantly higher BE levels than those in whom the 

disease is episodic [13], hence it is likely that a specific pat-
tern of BE secretion may be related to the predominant type 
of psychopathology.

The aim of this study, therefore, was to determine whether 
BE concentration associated with exacerbation or relapse of 
schizophrenia symptoms has an impact on the effects of long-
term treatment and risk of rehospitalization. To our knowl-
edge, it is the first study that evaluated the impact of BE lev-
els on te clinical course of schizophrenia and risk of severe 
symptomatic relapse. Previous research considered the role of 
endogenous opioids mainly in acute psychosis during a short 
observation period.

Material and methods

Participants

Forty-nine adult patients with schizophrenia diagnosed accord-
ing to ICD-10 criteria and 47 healthy controls were enrolled 
in the study. All patients were hospitalized in the Department 
of Affective and Psychotic Disorders Medical University of 
Lodz for exacerbation or relapse of schizophrenia symptoms. 
The Positive and Negative Symptoms Scale (PANSS) and com-
posite index (CI) were used to assess psychopathology severi-
ty and predominance of negative symptoms [15]. The CI is ob-
tained by subtracting the PANSS negative symptoms subscale 
score from the positive subscale score. PANSS examination 
with CI estimation was performed at the onset of hospitaliza-
tion, and after 2, 6, and 10 weeks of treatment. In controls, 
blood concentration of BE was assessed on enrollment in the 
study (BE); in the patient sample, it was measured at the on-
set of hospitalization (BE1) and again after 6 weeks of treat-
ment (BE2).

Short-term results in the primary patient sample have previ-
ously been described [16]. Following the end of the first phase 
of the study, 25 of the 49 patients went on to continue treat-
ment in the outpatient psychiatric unit of the Department of 
Affective and Psychotic Disorders. After 1-year follow-up, these 
25 patients were examined again using PANSS and composite 
CI. Their clinical status was also compared to those from the 
previous stages of assessment and correlated with BE con-
centration. Data were also collected on the duration of illness 
(DOI) and number of hospitalizations (Hn) and rehospitaliza-
tions after the first phase of study.

Exclusion criteria were as follows: diagnosis other than schizo-
phrenia, psychoactive substance abuse, chronic somatic dis-
ease, age below 18 years. All participants included in the study 
were somatically healthy. A full physical examination and blood 
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testing including morphology and C-reactive protein level were 
performed in all participants before BE concentration assay.

Patients were receiving pharmacological treatment compris-
ing second-generation antipsychotic therapy, either alone 
or combined with first-generation antipsychotics. All partic-
ipants gave their informed consent prior to their inclusion in 
the study. The study was approved by the Ethics Committee 
of the Medical University of Lodz (Nr RNN/53/18/KE). The au-
thors assert that all procedures contributing to this work com-
ply with the ethical standards of the relevant national and in-
stitutional committees on human experimentation and with 
the Helsinki Declaration of 1975, as revised in 2013.

Biochemical assay

To measure plasma BE concentration, 2.6 mL of peripher-
al blood was collected from participants in EDTA tubes. All 
blood draws were done between 7 and 8 am. Immediately 
after collection, the trypsin inhibitor aprotinin was added to 
each tube; following this, each tube was immediately placed 
in storage (0.6 trypsin inhibitor unit [TIU]/100 uL of blood). 
The tubes were centrifuged and the obtained plasma samples 
were stored at –70°C for final BE concentration assay using a 
Phoenix Pharmaceuticals b-endorphin ELISA Kit EK-022-14CE.

Statistical analysis

The data were verified for normality of distribution using the 
Shapiro-Wilk test and equality of variance using Levene’s 
test. For parameters with normal distribution, the Student’s 
t-test was used to compare means between groups and in 
other cases. For parameters with non-normal distribution, 
the Mann-Whitney U-test was used to compare unpaired sam-
ples and Wilcoxon’s test was used to compare paired samples. 
Correlations were analyzed with the Spearman’s rank correla-
tion coefficient. All statistical analyses were performed using 
Statistica CSS software (version 13). Results of the quantitative 
variables are presented as mean±SD (standard deviation) or 
median. The limit of statistical significance was set at P<0.05 
for all the analyses.

Results

The control sample consisted of 25 females and 22 males, 
aged 25 to 59 (mean 38.95 years; SD±8.839). The final group 
of patients included 13 females and 12 males, aged 20 to 62 
(mean 43.52; SD±11.582). The compared study groups did not 
differ in terms of gender (Ch2=0.01; P=0.923) or age (t=1.868; 
P=0.065). Mean duration of illness (DOI) in individuals with 
schizophrenia was 13.560 years (min=1.0 year, max=32 years; 

SD±8.756). Mean number of psychiatric hospitalizations before 
inclusion in the study was 6.56 (min=1.0, max=19; SD±4.673).

Patients had higher BE1 concentration at study enrollment 
than did controls (mean 0.538ng/mL SD±0.104 vs. mean 
0.470 ng/mL ±0.078; P=0.002). Similarly, after 6 weeks of treat-
ment, BE2 concentration was also higher in patients than in 
controls (mean 0.624ng/mL ±0.112 vs. 0.470 ng/mL ±0.078; 
P=0.000) (Figure 1). Among the patient sample, BE levels in-
creased significantly during treatment (BE1 mean 0.538ng/mL 
SD±0.104 vs. BE2 mean 0.624ng/mL ±0.112; P=0.007). No re-
lationships were observed between sex and BE concentration 
in controls (P=0.063) or between BE1 and BE2 in the patient 
sample (P=0.745 vs. P=0.055). The age of participants in the 
control group was not related to BE concentration (R=–0.001; 
P=0.994). In addition, among the patients, no relationship was 
observed between BE1 and BE2 (R=0.316; P=0.124), nor be-
tween BE1 and age (R=0.093; P=0.657).

No correlation was observed between BE1 and PANSS total or 
PANSS subscale scores at any stage of the study, nor between 
BE2 and the PANSS total or subscale scores. However, a neg-
ative correlation was observed between BE1 and composite 
index after 1-year follow-up (CI 5) (R=–0.404; P=0.045): high-
er BE1 levels were associated with a greater predominance of 
negative symptoms.

During 1-year follow-up, 60% (15/25) of patients were hospi-
talized again. They were significantly more likely to demon-
strate higher BE2 scores than those who were not hospital-
ized again (P=0.038) (Figure 2). In contrast, while the patients 
who were not hospitalized tended not to display significant 
elevations of BE after 6 weeks of treatment (BE1=0.505 vs. 
BE2=0.541; P=0.495), those who were rehospitalized tend-
ed to demonstrate a significant increase in BE (BE1=0.561 vs. 
BE2=0.678; P=0.002). In addition, while the two subgroups 
demonstrated similar mean BE1 scores (P=0.193), the rehos-
pitalized group displayed significantly higher BE2 scores than 
the others (P=0.001) (Table 1).

Discussion

Our findings provide indirect evidence for the involvement 
of endogenous opioids in the pathogenesis and course of 
schizophrenia. Initially higher BE concentration was related 
with a prevalence of negative symptoms after 1-year follow-
up. Moreover, the presence of an elevated, and increasing, BE 
concentration during pharmacological treatment of an acute 
episode of psychosis was associated with a greater chance of 
rehospitalization in the following months. These findings sug-
gest that a “hypermorphinegic” pathology could, at least par-
tially, determine an adverse course of disease, characterized 
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by the survival of negative symptoms and the risk of recur-
rence of the disease.

Although previous studies suggest that opioid antagonists 
may possess potentially antipsychotic properties, the major-
ity of research on the topic have only been based on small, 
non-homogeneous patient samples consisting of participants 
with various diagnoses (schizophrenia, schizoaffective disor-
der, depressive disorder). Early studies have found that ad-
ministration of BE produces auditory hallucinations, agitation, 
and conceptual disorganization, and that naloxone blocks the 

development of these signs; however, the final results have 
been inconsistent [17,18].

Opioid antagonists have been found to be effective as an adju-
vant treatment rather than producing a cure. Marchesi et al. [10] 
reported significant therapeutic efficacy in patients with chron-
ic schizophrenia and severe negative symptoms, and that the 
addition of adjuvant naltrexone to antipsychotics was espe-
cially effective in patients with negative symptoms. The weak-
ness of this study was its small sample size (n=12) and relative-
ly short evaluation period for combined treatment (14 days).
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Figure 1.  Blood concentration of BE in study groups: controls, 
patients at enrollment in the study (BE1), and after 6 
weeks of treatment (BE2).
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Figure 2.  Blood concentration of BE2 in samples from 
rehospitalized and non-hospitalized individuals at 
1-year follow-up.

Characteristics

Means (±SD)
P value 
(<0.05)Hospitalized patients

N=15
Non-hospitalized patients 

N=10

Age (years)
44.800 (12.049)
min=26; max=62

41.600 (11.177)
min=20; max=5

0.512

Sex; Male: Female 6: 9 6: 4 0.567

BE1 (ng/mL)*
0.561 (0.096)

min=0.360; max=0.693
0.505 (0.112)

min=0.327; max=0.645
0.193

BE2 (ng/mL)**
0.678 (0.080)

min=0.557; max=0.844
0.541 (0.106)

min=0.415; max=0.752
0.001

Duration of illness (years)
14.867 (8.927)
min=2; max=31

11.600 (8.566)
min=1; max=32

–

Number of hospitalizations***
7.467 (5.383)

min=1; max=19
5.200 (3.120)

min=1; max=11
–

Table 1. Characteristics of patient samples.

* b-endorphin concentration at study enrollment; ** b-endorphin concentration after 6 weeks of treatment; *** all previous psychiatric 
hospitalizations.
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In another study, adding naltrexone to neuroleptic therapy 
yielded significant amelioration of symptoms involving de-
terioration and social withdrawal in the treatment compared 
to placebo group, which demonstrated no improvement; this 
therapeutic effect was particularly pronounced among pa-
tients with severe negative symptoms [19]. However, no clin-
ical antipsychotic benefit was observed when naltrexone was 
added to a neuroleptic agent during a 2-week course of treat-
ment in a group of 21 patients with schizophrenia, with a pla-
cebo group as control [20]. The total course of treatment was 
3 weeks. Interestingly, it was also reported that naltrexone 
could decrease mannerisms and polydipsia in patients with 
chronic schizophrenia and improve social withdrawal [21]. 
Rapaport et al. [22] investigated the antipsychotic properties 
of nalmefene, a potent, long-acting opioid antagonist, admin-
istered as an adjuvant, in a group of 11 first-generation neu-
roleptic-stabilized patients. Nalmefene administration result-
ed in a significant decrease in psychotic symptoms in nine of 
the patients.

The opioid receptor system (μ) is involved in impaired senso-
rimotor gating, attentional set-shifting, and other critical cog-
nitive processes in schizophrenia [23]. Dopamine metabolism, 
reuptake, and release are known to be altered by opioid ago-
nists. Becerra et al. [24] reported that morphine mediates ac-
tivation of the orbitofrontal cortex and hippocampus among 
in healthy volunteers, which suggests that opioids might po-
tentially enhance cognitive functions. Stefano et al. [25] pro-
posed that low doses of morphine may act as adjuvant thera-
py for cognitive function improvement in schizophrenia.

BE concentration also has been found to be elevated in cas-
es of acute psychotic symptoms and decreased in those of 
chronic schizophrenia [26]; in addition, intracerebral adminis-
tration of BE caused rigid immobility in rats, which is regarded 
as an analog of catatonia in humans [27]. A study of neuropep-
tide concentration in drug-naïve patients with schizophrenia 
found them to have increased levels of BE in comparison with 
controls [28]. The authors reported a tendency for patients 
to demonstrate lower BE levels, with greater improvement 
in positive symptoms and poorer in negative ones; however, 
the pharmacologically-treated sample was very small (nine 
individuals) and was evaluated after only a 4-week course of 
treatment. Panza et al. [29] noted that 15 drug-naïve patients 
with schizophrenia demonstrated similar BE concentrations 
to controls before a 2-week course of haloperidol administra-
tion, but these levels were significantly elevated after 2 and 
15 days of treatment.

It has also been found that elevated BE levels decreased among 
inpatients with predominantly negative symptoms and in-
creased in those with severe positive symptoms. After effective 
pharmacological treatment, both groups of patients demon-
strated “normalized” BE levels, similar to those in healthy con-
trols. The increase in BE concentration after treatment might 
be related to reduction of dopamine inhibitory tone on endog-
enous opioids and resolution of positive symptoms [11]. It is 
thought that second-generation antipsychotics might ame-
liorate negative symptoms via the relatively potent antago-
nism of 5HT2A serotonin receptors and the weaker blockade 
of D2 dopamine receptors in the frontal cortex [30]. In the cur-
rent study, our participants displayed relatively better control 
of negative symptoms than in previous studies, possibly be-
cause they were receiving treatment based on second-genera-
tion antipsychotics or combined therapy with a first-generation 
neuroleptic; however, individuals with a higher BE concentra-
tion were more likely to demonstrate negative symptomatol-
ogy, measured using the composite index.

BE concentration was only assessed in patients twice, in the 
early stages of the observation period: no data are available 
about the further dynamics of BE concentration changes. In ad-
dition, no analysis was performed of the relationship between 
BE level and specific pharmacological treatment. Furthermore, 
BE concentration in peripheral blood does not directly reflect 
central endogenous opioid levels; however, blood withdrawal 
is less invasive and more acceptable for patients than cerebro-
spinal fluid analysis. This was a particularly important point, 
assessment of biological material from our patients, who had 
acute schizophrenia symptoms, was required before treatment 
administration. However, the main limitation of our study is 
its small patient sample size, hence our results may only be 
interpreted as a “fishing expedition: rather than as a propos-
al for further research. Finally, the reasons for rehospitaliza-
tion of patients in our study, such as uncontrolled treatment 
withdrawal or relapse during the natural course of disease de-
spite regular treatment, were not analyzed.

Conclusions

An imbalance in the endogenous opioid system appears to 
be involved in modulation and persistence of negative symp-
toms. The presence of elevated levels of BE, and their further 
elevation during antipsychotic treatment, may further predis-
pose patients to chronicity of disease and increase risk of sig-
nificant exacerbation of symptoms.
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