
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Charkhat Gorgich et al. 
Substance Abuse Treatment, Prevention, and Policy            (2024) 19:9 
https://doi.org/10.1186/s13011-024-00591-0

Substance Abuse Treatment, 
Prevention, and Policy

*Correspondence:
Abdolhakim Ghanbarzehi
Abdolhakimghanbarzehi@yahoo.com

Full list of author information is available at the end of the article

Abstract
Background Crack heroin is a novel opiate derivative with highly addictive properties and unfamiliar health 
consequences. It causes a variety of brain dysfunctions that are mediated by neurochemical alterations and abnormal 
neuroplasticity. Brain-derived neurotrophic factor (BDNF) is a widely recognized biological marker implicated in the 
neuropathology of substance use during substance use disorder and withdrawal. Its involvement can significantly 
contribute to the severity of withdrawal symptoms. Hence, this study aimed to evaluate BDNF levels in crack heroin 
users before and after withdrawal.

Methods In this cross-sectional study, 148 male participants were recruited and divided into two groups: persons 
with crack heroin use disorder (n = 74) and the controls (n = 74). The BDNF serum levels were measured in both crack 
heroin users and control groups upon hospitalization and again after twenty-one days of withdrawal using the 
enzyme-linked immunosorbent assay.

Results The results demonstrated that BDNF levels in persons with crack heroin use disorder upon admission 
were significantly lower than the levels observed upon discharge and in the control group (p < 0.05). Additionally, a 
significant difference in BDNF levels was found between persons with crack heroin use disorder at admission and 
discharge (p = 0.038). Furthermore, BDNF levels showed an inverse correlation with the daily dose of substance use (r= 
-0.420, p = 0.03) and the duration of crack heroin use (r= -0.235, p = 0.001).

Conclusions A progressive increment in BDNF levels during early detoxification is associated with the daily amount 
of substance use and the duration of substance use. Our findings suggest that changes in BDNF serum levels during 
crack heroin use disorder and withdrawal could serve as potential biomarkers for assessing the intensity of withdrawal 
symptoms and substance use-related behaviors.
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Background
Substance use is recognized as a major multifaceted and 
relapsing public health problem worldwide, with signifi-
cant socio-economic consequences [1]. Crack cocaine 
is a brain-stimulant narcotic substance with a chemi-
cal composition and derivation similar to cocaine; how-
ever, its production method is different, making it highly 
addictive compared to cocaine [2, 3]. For the first time, 
crack cocaine emerged in Europe and the United States 
in the late 1970s, and since then, its use has become 
increasingly prevalent in other societies [4]. The use of 
crack cocaine has significant consequences on the brain.

When crack-cocaine is ingested, it can inhibit the reup-
take and recycling of catecholamines, particularly dopa-
mine and serotonin for example, as soon as is taking 
crack-cocaine it can inhibit the reuptake and recycling 
of catecholamines, particularly dopamine, and sero-
tonin. This leads to the accumulation of excess levels of 
these neurotransmitters in the brain circuits associated 
with pleasure, reward, and substance use centers [5, 6]. 
Consequently, it results in feelings of euphoria, alertness, 
and heightened energy levels [7]. Moreover, research has 
demonstrated that even short-term consumption of crack 
cocaine can lead to the rapid development of intensity 
and obsession with substance use disorder. This, com-
bined with the high potential for relapsing, makes crack 
cocaine use one of the most dangerous consequences [7, 
8].

In recent years, the use of a new form of heroin-based 
opiate (nicknamed “crack”) with different symptoms has 
rapidly spread as a highly addictive substance in east-
ern societies, especially in Iran (known as Iranian crack) 
[9]. This substance, a condensed and pure form of her-
oin, causes short-term euphoria, which is considered 
the major motivation behind its use. However, it is also 
accompanied by unpleasant side effects, such as sleepi-
ness, miosis, rhinorrhea, epiphora, pain, slowed func-
tioning, and loss of consciousness. Furthermore, crack 
is associated with various physiological, behavioral, and 
cognitive impairments [10, 11]. Crack heroin, due to its 
quick and easy preparation, easy access, and odorless 
nature, has a high prevalence. According to unofficial 
reports, crack usage is second only to opioid use in terms 
of frequency among persons who use substances in Iran 
[9].

Moreover, its pharmacokinetic properties lead to rapid 
absorption and delivery in the central nervous system 
(CNS). Consequently, this can facilitate the development 
of severe substance use patterns and withdrawal symp-
toms after a short period of substance use [8, 12]. Studies 
have demonstrated that crack heroin has a distinct chem-
ical composition, substance use pattern, side effects, and 
clinical symptoms compared to common crack [9, 10, 
13].

A wealth of evidence suggests that substance use leads 
to alterations in the immunological and hormonal equi-
librium state of the brain to adapt to the new molecular 
and neurochemical status caused by substance use disor-
der. These alterations result in structural, functional, and 
long-term neuroplasticity changes in the neuronal cir-
cuits of individuals with substance use [14–16]. Following 
these new adaptations in neuronal circuits, changes also 
occur in neurobiological biomarkers. Importantly, some 
of these biomarkers can be used to predict the severity of 
the disease, treatment outcome, craving, relapse, and the 
intensity of crack withdrawal symptoms [16–18].

In this regard, brain-derived neurotrophic factor 
(BDNF) is the best-known and most abundant neu-
rotrophin in the brain. As a consequence of addictive 
substance use, it leads to structural alterations in neural 
circuits, particularly in the brain areas associated with 
the reward circuitry in substance use disorder [11, 19]. 
BDNF participates in several essential functions that 
are necessary to maintain the brain’s equilibrium state, 
including neuron survival, neurogenesis, neurotransmit-
ter modulation, and, notably, synaptic adaptations and 
neuroplasticity changes [19].

During substance use or withdrawal stages, BDNF 
serum levels undergo significant fluctuations related to 
substance use, and this is involved in many substance-
related behavioral changes, including relapse, substance 
craving, and sensitization [11, 20, 21]. As a result, mea-
suring BDNF serum levels can be a valuable strategy for 
predicting relapse, craving, and withdrawal severity at 
different stages, as well as assessing treatment adher-
ence in individuals with substance use disorder [21–23]. 
Sordi et al. revealed that BDNF levels at admission and 
discharge were lower than those in the control group 
during early abstinence from crack cocaine, although an 
increment was found in BDNF after a withdrawal period. 
Their findings imply that variations in BDNF levels could 
serve as potential biomarkers for assessing substance 
use severity [23]. Pianca et al. also observed a reduction 
of BDNF levels in adolescent crack cocaine users before 
and after abstinence compared to the controls. They 
highlighted that these levels were associated with recent 
substance use, indicating their potential as biomarkers 
for assessing the progression and prognosis of substance 
use [7]. In another investigation by Zhang et al. concern-
ing BDNF serum levels in opiate users, it was found that 
serum levels of BDNF were increased during early heroin 
withdrawal. These findings suggest that BDNF levels may 
play a key role in opiate-induced substance use disorder 
and withdrawal [24]. Since different substances can cause 
varying substance use patterns in vulnerable individuals, 
they also have different effects on distinct components 
of the substance use cycle [25]. Therefore, studying bio-
markers that can reflect neurochemical changes in the 
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brain during substance use and withdrawal periods can 
be crucial for clinical use. These biomarkers can serve as 
a basis for proposing the disease course and assessing the 
severity of abstinence symptoms in persons with a sub-
stance use disorder undergoing rehabilitation.

At the present time, little is known about changes in 
BDNF serum levels in crack heroin users. Thus, the main 
goal of the current study was to evaluate BDNF serum 
levels in persons with crack heroin use disorder before 
and after withdrawal.

Methods
Study design
The present case-control study investigated BDNF serum 
concentrations to elucidate the underlying mechanisms 
and identify neurobiological molecules that could poten-
tially serve as biomarkers in persons with crack heroin 
use disorder during substance use and withdrawal peri-
ods, as compared to persons without substance use 
disorders.

Participants
A total of 148 male participants were investigated and 
divided into two independent groups: (I) Persons with 
crack heroin use disorder and (II) persons without sub-
stance use disorder as the controls.

The 74 persons with crack heroin use disorder were 
recruited after fulfilling the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition, (DSM-5) 
criteria, as determined through clinical examination by 
two expert psychiatrists specializing in opiate (heroin) 
use disorder. The persons with crack heroin use disorder 
were referred to Ofough Bidari and Bahari Digar sub-
stance use treatment centers in Zahedan, Iran. The per-
sons with crack heroin use disorder provided consent to 
participate in and complete the substance abstinence/
detoxification program (21 days) during hospitalization 
(Inpatient unit). During the hospitalization period, per-
sons with substance use do not receive any treatment/
medication.

The inclusion criteria for the persons with crack heroin 
use disorder were as follows:

 [1] age between 18 and 60 years old, [2] a history of at 
least one year of persistent crack heroin use, [3] a posi-
tive urine test for opiates on admission, and [4] no prior 
treatment or abstinence-related to substance use disor-
der during the past year. Persons with substance use dis-
order with the following conditions were excluded from 
the study: [1] any neurobiological, neurodegenerative, 
and psychiatric disorders, [2] a history of brain surgery 
and metabolic and chronic diseases, [3] infectious dis-
eases, [4] HIV seropositivity, [5] acute withdrawal symp-
toms, [6] any substance use other than crack heroin or 
nicotine according to fulfilling the DSM-5 criteria, which 

was evaluated and ruled out by two experienced psychia-
trists, [7] persons with mixed substance use [8] debilitat-
ing cognitive changes, and [9] cancer.

The 74 persons without substance use disorder were 
randomly selected from among volunteers with no his-
tory of substance use disorder and no diagnosis of neu-
rological and psychological diseases. They had no family 
relationship with persons with crack heroin use disorder, 
no specific medication history, and no chronic metabolic 
diseases, as confirmed through medical history and phys-
ical examination conducted by the same psychiatrists.

Sociodemographic characteristics
Sociodemographic information was gathered through 
standardized instruction during a structured interview 
as part of the precise clinical assessment. After ensuring 
that the participants met the inclusion and exclusion cri-
teria, their information was recorded.

Blood sampling and processing
A peripheral blood sample (10 ml) was collected from the 
brachial vein of all participants after an 8-hour fasting 
state. The blood was transferred into a tube without any 
anticoagulant. In the crack heroin group, blood sampling 
was conducted at two times: (I) at admission as the base-
line within the first 24 h of registration, and (II) at the end 
of the treatment period on the 21st day of withdrawal, 
following a negative urine opiate test. For participants in 
the control group, blood sampling was performed only 
once on the evaluation day.

As soon as the blood was collected, serum was pre-
pared by centrifugation at 4000×g for 10 min at 4 °C. The 
resulting supernatant was then stored at -80 °C before the 
immunoassay.

The BDNF serum levels measurement
Serum BDNF levels in the crack heroin group were deter-
mined at baseline and after three weeks of follow-up and 
compared to the controls using a commercially available 
enzyme-linked immunosorbent [18] assay kit as per the 
manufacturer’s protocol (R&D Systems, Minneapolis, 
Minnesota, MN, USA).

Briefly, flat-bottomed 96-well microtiter plates were 
coated with 4  µg/ml of anti-BDNF capture antibody in 
PBS overnight at 4 °C. The plates were then rinsed twice 
with wash buffer and incubated with the samples diluted 
1:200 in 1% bovine serum albumin. The BDNF standard 
curve ranged from 7.8 to 500 pg/ml. After washing the 
plates, 0.2  µg/ml of the anti-BDNF detection antibody 
was added and incubated for 2  h at room temperature. 
The samples were rinsed again and incubated with strep-
tavidin-peroxidase conjugate in sample diluent (diluted 
1:200) for 20 min. After rinsing, the samples were incu-
bated with substrate solution and then with sulfuric acid 
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(H2SO4) as the stop solution. Subsequently, the BDNF 
concentrations were calculated spectrophotometrically 
by measuring the absorbance at 450 nm wavelength using 
a microplate reader. The proceedings were conducted in 
duplicate by an expert operator who was blinded to the 
samples and the study design. The concentrations were 
represented as pg/mL. The intra-assay and inter-assay 
coefficients of variation were both less than 10%.

Statistical analysis
The distribution of all variables was assessed using 
the Shapiro-Wilk test. The findings were presented as 
mean ± standard error of the mean (SEM). The indepen-
dent Student’s t-test was applied to determine the differ-
ence in BDNF levels between the two groups. To compare 
the levels of BDNF at admission and discharge times, 
the paired t-test was used. Pearson’s correlation coeffi-
cient was used to assess the correlation between BDNF 
and substance-related characteristics. Data analysis and 
graph representations were performed using SPSS ver-
sion 22.0 and GraphPad Prism 8.0 software for Windows, 
respectively. The significance level was set at p < 0.05.

Results
Sociodemographic characteristics of participants
In the present study, 74 persons with crack heroin use 
disorder were included in the final analysis. But in total, 
117 individuals were admitted to the substance use treat-
ment centers with the diagnosis of crack heroin use 
disorder. During the abstinence period, there were 43 
individuals for various reasons, such as leaving the absti-
nence period before the end of the period (n = 27), severe 
insomnia disorders requiring taking medication (n = 4), 
severe anxiety and mood disorders (n = 5), the occurrence 
of severe withdrawal symptoms (n = 7) as diagnosed by 
the psychiatrists were excluded from the study. Dur-
ing the initial screening of the study, individuals with a 

history of mixed substance use were excluded from the 
study by psychiatrists.

We assessed a total of eighty volunteers, six of whom 
were excluded from the study because they had chronic 
metabolic disorders, heavy smoking, or were using a spe-
cific medication.

A total of 148 male participants, including 74 persons 
with crack heroin use disorder and 74 controls, were 
recruited for the present study. The mean age in persons 
with crack heroin use disorder and persons without sub-
stance use disorder was 31.09 ± 0.8 and 32.47 ± 1.25 years, 
respectively. The sociodemographic characteristics of the 
persons with crack heroin use disorder and the controls 
are detailed in Table 1. As shown in Table 1, there were 
no significant differences in age, education years, mari-
tal status, and body mass index (BMI) between the two 
groups (p > 0.05). However, a significant difference was 
found in weight between persons with crack heroin use 
disorder and the controls (p < 0.05).

The BDNF serum levels
The results revealed a significant difference between 
BDNF levels in persons with crack heroin use disor-
der at baseline (10,610 ± 1803 pg/mL) and the controls 
(21,717 ± 3591 pg/mL) (p = 0.008). However, there was no 
statistically significant difference in BDNF levels between 
persons with crack heroin use disorder on discharge 
(26,555 ± 6840 pg/mL) and the controls (21,717 ± 3591 
pg/mL) (p = 0.52) (Fig. 1). Furthermore, a significant dif-
ference was observed between BDNF serum levels of 
persons with crack heroin use disorder at baseline and 
post-detoxification (p = 0.038) (Table 2).

In other words, the serum BDNF levels in persons with 
crack heroin use disorder at baseline were significantly 
lower compared to levels after withdrawal/abstinence 
and compared to the controls. The results also indicated 
that despite the increase in serum BDNF levels at the end 
of the 21-day withdrawal period, a significant difference 
was not observed in relation to the control levels.

Association between BDNF levels, demographic and 
substance-related characteristics
The results indicated that BDNF serum levels in persons 
with crack heroin use disorder were not significantly 
associated with age, BMI, education, marital status, and 
age of first substance use (p > 0.05). However, serum 
BDNF levels were negatively correlated with the duration 
of crack heroin use disorder (r = -0.235, p = 0.001) and the 
daily amount of its use (r= -0.420, p = 0.03).

Discussion
The findings of the current study demonstrated a sig-
nificant increase in serum BDNF levels after the 21-day 
inpatient withdrawal period of persons with crack heroin 

Table 1 Sociodemographic and substance use-related 
characteristics in persons with crack heroin use disorder and the 
controls
Characteristics Crack heroin 

dependence
(n = 74)

Controls
(n = 74)

p-
val-
ue

Age (years) 31.09 ± 0.8 32.47 ± 1.25 0.33
BMI 21.96 ± 2.45 23.54 ± 3.60 0.27
Education (years) 7.15 ± 0.67 8.13 ± 9.46 0.79
Marital status Single 32 16 0.52

Married 40 48
Age of the first substance use 20.8 ± 3.20 - NA
Duration of substance use 
(years)

4.75 ± 3.62 - NA

Daily dose of substance use (gr) 1.36 ± 0.5 - NA
* Significant, NA: Not applicable, BMI: Body mass index
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use disorder, as compared to the admission time. Addi-
tionally, we observed a rise in BDNF levels after hospi-
tal detoxification. To the best of our knowledge, this 
work represents the first report on BDNF serum levels 
in chronic crack heroin users at both admission and dis-
charge times.

Substance use disorder is a chronic and intricate brain 
disorder accompanied by a broad spectrum of behavioral, 
cognitive, and neurochemical changes [26]. A growing 
body of evidence suggests that long-lasting substance 
use, especially psychostimulant substances, can lead 
to structural and functional changes in different brain 
regions, potentially resulting in transient or permanent 
maladaptive neuroadaptations [27, 28]. However, the 
underlying mechanisms of such changes and the neuro-
biology of opioid use disorder are still unknown. A better 
understanding of the mechanisms of substance-related 
neuroadaptations may help us to characterize the neuro-
biology of substance use disorders, interindividual vari-
ability in substance use, and treatment response [28].

Evidence obtained from various preclinical and clinical 
studies has demonstrated that neurotrophins, particu-
larly BDNF levels, play an inseparable role in neuroadap-
tations induced by substance use and substance-related 
behaviors, such as craving, withdrawal severity, and 
relapse [8, 23, 29]. BDNF is a well-known neuropeptide 
that not only plays a role in neurodevelopment but also 
has a significant impact on many vital functions of the 
mesolimbic dopaminergic system, especially in substance 
use disorder. It has been proposed that the rewarding 
properties of substances originate from dopamine release 
in the ventral tegmental area (VTA) and projections to 
other related neuronal circuits [30].

It has been shown that BDNF, in addition to being 
involved in new neuroplastic and neuroadaptive modifi-
cations associated with substance use, also supports and 
maintains dopaminergic neurons in the midbrain and is 
involved in the modulation of dopamine release, contrib-
uting to the development of psychological dependencies 
in persons with opioid use disorder [31, 32].

A large body of evidence has demonstrated that the 
use of cocaine and heroin exerts their effects by disrupt-
ing the function of dopaminergic neurons located in 
the VTA and nucleus accumbens [30]. These pieces of 
evidence implicate that substance use leads to consider-
able neurotoxicity, resulting in structural and functional 
changes in different brain areas [15, 33]. Moreover, recent 
studies have shown that neurotrophin levels, especially 
BDNF, undergo changes during active substance use 
or post-detoxification of psychostimulants [22–24, 34]. 
Various studies on the effects of substance use on BDNF 
levels during substance use or withdrawal periods have 
reported heterogeneous and conflicting results.

Hirsch et al. reported a great variability in BDNF levels 
during the detoxification period in crack users. They also 
stated that plasma BDNF levels significantly decreased 
after a short 14-day detoxification period compared to 
the admission time [18]. On the contrary, in line with 
our findings, Pianca et al. revealed that BDNF serum 
levels in crack-cocaine users at admission time were sig-
nificantly lower than at discharge time and compared to 
the controls. Their findings also showed an increase in 
BDNF levels after an early abstinence period (21 days) 
compared to the controls; however, this increment was 
not statistically significant [35]. Furthermore, Sordi et 
al. reported lower BDNF levels in persons with crack-
cocaine use disorder at admission and discharge time 
compared to the control group. However, they observed 
that BDNF levels increased at discharge compared to 
hospitalization but not compared to the controls [23]. 
Our findings demonstrated that BDNF serum levels in 
persons with crack heroin use disorder at discharge were 
higher than at admission time and in the control group; 
however, these increased levels did not show a significant 

Table 2 The BDNF serum level values in persons with crack 
heroin use disorder and the controls
Test Time Crack heroin 

user disorder
(n = 74)

Controls
(n = 74)

p-
value

BDNF
(pg/mL)

Admission 10,610 ± 1,803 21,717 ± 3,591 0.008*
Discharge 26,555 ± 6,840 21,717 ± 3,591 0.52

* Significant

Fig. 1 Evaluation of serum BDNF levels in the controls and persons with 
crack heroin use disorder on admission and discharge. Data are expressed 
as mean ± SEM. Differences between the controls and persons with crack 
heroin use disorder by the independent t-test and between persons with 
crack heroin use disorder after and before detoxification were analyzed 
via the paired t-test. (*p < 0.01 indicates significant difference between 
the controls and persons with crack heroin use disorder on admission; 
#p < 0.05 indicates significant difference between serum BDNF levels on 
admission and discharge; ns p > 0.05 no significant differences were found 
between serum BDNF levels in persons with crack heroin use disorder on 
discharge and the controls)
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difference with the controls, which is consistent with 
other studies [23, 35, 36]. On the other hand, Zhang et 
al. found a significant increase in serum BDNF levels 
after 26 weeks of abstinence from heroin use when com-
pared to the baseline. Their results revealed that altera-
tions in BDNF levels during the protracted withdrawal 
period were correlated with withdrawal symptoms [37]. 
In this regard, clinical studies have shown that BDNF lev-
els may increase during withdrawal to return to normal 
levels in order to restore normal functions in the dam-
aged neuronal circuits caused by substance use [36]. In 
contrast to the above-mentioned studies, the findings 
of the case-control study conducted by Sarkar reported 
that BDNF serum levels did not differ between control 
subjects and opioid dependents. They also found similar 
findings regarding BDNF levels before and after 10 days 
of detoxification [38]. Based on the content, it appears 
that the neurotoxicity induced by substance use directly 
or indirectly affects the mechanisms of BDNF synthesis, 
leading to the suppression of its production. Evidence 
supporting this claim includes the decrease in BDNF lev-
els following chronic substance use and the increase in 
BDNF levels during early abstinence periods [39]. Other 
evidence from clinical studies suggests that another pos-
sible reason for the neurobiological changes and increase 
in BDNF levels during early detoxification or withdrawal 
periods in substance users is likely due to the activation 
of compensatory mechanisms in the CNS in response 
to the neurotoxic effects of substance use [40, 41]. Such 
compensatory processes in substance users and other 
neurological disorders have been reported in various 
studies [15, 42–44]. It is possible that elevated periph-
eral BDNF levels are necessary to protect dopaminer-
gic neurons from substance-induced neurotoxic effects. 
Meanwhile, it has been shown that BDNF plays a trophic 
role for midbrain dopaminergic neurons as it enhances 
their survival and protects them from neurodegenerative 
processes [45]. Reciprocally, it has been proposed that 
mesencephalic dopaminergic neurons are a key patho-
physiological basis for substance use-related disorders. 
Among the neuroadaptive responses to addictive sub-
stances, structural and functional plasticity has received 
considerable interest. Both structural and functional 
neuroplasticity occur at pre-and post-synaptic sites in 
the mesolimbic dopaminergic axis [46, 47]. Additionally, 
studies have demonstrated that BDNF and extracellular 
dopamine act as two determining factors in neuronal 
remodeling and plasticity induced by substance use [46, 
47]. Interestingly, these molecules share similar intracel-
lular molecular pathways called MEK-ERK1/2 and PI3K-
Akt-mTOR. These pathways selectively activate TrkB and 
dopamine D3 receptors, which play a role in perikaryon 
and dendrite growth, respectively [46]. This content 
indicates the close and mutual interaction of BDNF and 

dopamine in substance use-related disorders. Thus, eval-
uating BDNF serum levels in persons with crack heroin 
use disorder not only can be suggested as a valuable clini-
cal biomarker to follow up the treatment process, predict 
substance-related behaviors, and determine withdrawal 
prognosis in the clinic, but it can also indirectly demon-
strate changes that occur in the mesencephalic dopami-
nergic system.

Furthermore, considering the important role of BDNF 
as a valuable biomarker in substance use disorder, a 
recent study found that peripheral BDNF can indicate the 
severity of executive cognitive behaviors in persons with 
substance use disorder and may be used as a biomarker 
in these users [48]. Several studies have indicated a signif-
icant correlation between BDNF levels and the severity 
of substance use during the early stages of detoxification 
[23, 36]. Another study showed a negative association 
between changes in BDNF serum levels and long-term 
withdrawal symptoms [37]. Roso et al. reported that 
chronic use of cocaine is related to BDNF reduction, but 
increasing levels of BDNF during withdrawal are associ-
ated with cocaine craving and withdrawal symptoms [39]. 
Another study showed that high levels of BDNF after 3 
weeks of cocaine withdrawal predicted earlier and more 
severe relapse [40]. Similarly, our findings also demon-
strated an inverse correlation between the duration of 
crack heroin use, the daily amount of crack heroin use, 
and serum levels of BDNF after 21 days of detoxification 
in persons with a substance use disorder.

Based on these findings, it is possible that changes in 
BDNF levels after the detoxification period can serve as 
a potential biomarker for predicting substance-related 
behaviors, such as substance-seeking behaviors, relapse, 
and the severity of withdrawal symptoms.

There are a number of limitations in the present inves-
tigation. First, we only evaluated BDNF values in the 
serum of the participants and not in the brain. At this 
point, serum and peripheral BDNF levels may display 
some variation compared to the brain BDNF levels. Sec-
ond, all the participants in our study were male, which 
limits the generalization and interpretation of our find-
ings. In addition, the second evaluation of the BDNF level 
has been carried out after twenty-one days and it may not 
reflect variations over the longer term. In order to clar-
ify the association between serum BDNF levels and the 
duration of abstinence, it will be necessary to long-term 
follow-up period. Another important limitation of the 
study was that neuropsychological tests and clinical eval-
uations related to craving and abstinence symptoms were 
not performed, which may be potentially associated with 
cognitive dysfunctions, neuroplasticity, and BDNF levels 
in crack heroin users. They need further investigation.
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Conclusion
Based on the findings, it can be concluded that the neu-
rotoxicity induced by crack heroin suppresses BDNF, 
and a 21-day abstinence period from crack heroin use 
increases the serum levels of BDNF in crack heroin 
users. These changes in BDNF levels are associated with 
substance-related characteristics and may predict the 
intensity of withdrawal symptoms and substance-related 
behaviors. Therefore, alterations in BDNF levels during 
the substance use and withdrawal cycle can be utilized as 
a potential prognostic biomarker in the clinical setting to 
manage and predict substance use-associated behaviors 
caused by substance-related neurochemical changes. It 
seems that an increase in BDNF serum levels during the 
early abstinence period may be associated with crack her-
oin pathophysiology.

Given the intimate interaction of BDNF levels and 
the function of dopaminergic neurons, along with the 
vital role of dopamine in substance use, further studies 
to investigate and elucidate their relationship are highly 
recommended.
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