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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 significant socio-economic consequences [1]. Crack cocaine is a brain-stimulant narcotic substance with a chemical composition and derivation similar to cocaine; however, 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 reuptake and recycling of catecholamines, particularly dopamine and serotonin for example, as soon as is taking crack-cocaine it can inhibit the reuptake and recycling of catecholamines, particularly dopamine, and serotonin. 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, combined 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 eastern societies, especially in Iran (known as Iranian crack) [9]. This substance, a condensed and pure form of heroin, causes short-term euphoria, which is considered the major motivation behind its use. However, it is also accompanied by unpleasant side effects, such as sleepiness, miosis, rhinorrhea, epiphora, pain, slowed functioning, 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 symptoms after a short period of substance use [8, 12]. Studies have demonstrated that crack heroin has a distinct chemical 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 equilibrium state of the brain to adapt to the new molecular and neurochemical status caused by substance use disorder. These alterations result in structural, functional, and long-term neuroplasticity changes in the neuronal circuits 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 neurotrophin 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, neurotransmitter 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, measuring BDNF serum levels can be a valuable strategy for predicting relapse, craving, and withdrawal severity at different stages, as well as assessing treatment adherence 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. concerning 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 biomarkers that can reflect neurochemical changes in the 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 substance 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 potentially serve as biomarkers in persons with crack heroin use disorder during substance use and withdrawal periods, 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 substance use disorder as the controls.
The 74 persons with crack heroin use disorder were recruited after fulfilling the Diagnostic and Statistical 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 substance use treatment centers in Zahedan, Iran. The persons 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, persons 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 positive urine test for opiates on admission, and [4] no prior treatment or abstinence-related to substance use disorder during the past year. Persons with substance use disorder 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 diseases, [4] HIV seropositivity, [5] acute withdrawal symptoms, [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 psychiatrists, [7] persons with mixed substance use [8] debilitating cognitive changes, and [9] cancer.
The 74 persons without substance use disorder were randomly selected from among volunteers with no history of substance use disorder and no diagnosis of neurological 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 physical 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 criteria, 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 baseline 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 prepared 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 determined 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 streptavidin-peroxidase conjugate in sample diluent (diluted 1:200) for 20 min. After rinsing, the samples were incubated with substrate solution and then with sulfuric acid (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 independent Student’s t-test was applied to determine the difference 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 coefficient was used to assess the correlation between BDNF and substance-related characteristics. Data analysis and graph representations were performed using SPSS version 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 treatment centers with the diagnosis of crack heroin use disorder. During the abstinence period, there were 43 individuals for various reasons, such as leaving the abstinence 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. During 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 specific 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 substance 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, marital 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).
Table 1Sociodemographic 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-value

	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




The BDNF serum levels
The results revealed a significant difference between BDNF levels in persons with crack heroin use disorder 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 difference was observed between BDNF serum levels of persons with crack heroin use disorder at baseline and post-detoxification (p = 0.038) (Table 2).
[image: ]
Fig. 1Evaluation 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)


Table 2The 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



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 significant increase in serum BDNF levels after the 21-day inpatient withdrawal period of persons with crack heroin use disorder, as compared to the admission time. Additionally, we observed a rise in BDNF levels after hospital 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 discharge 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 neurobiology of opioid use disorder are still unknown. A better understanding of the mechanisms of substance-related neuroadaptations may help us to characterize the neurobiology of substance use disorders, interindividual variability in substance use, and treatment response [28].
Evidence obtained from various preclinical and clinical studies has demonstrated that neurotrophins, particularly BDNF levels, play an inseparable role in neuroadaptations 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 modifications associated with substance use, also supports and maintains dopaminergic neurons in the midbrain and is involved in the modulation of dopamine release, contributing 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 disrupting the function of dopaminergic neurons located in the VTA and nucleus accumbens [30]. These pieces of evidence implicate that substance use leads to considerable 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 significantly 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 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 compared to the baseline. Their results revealed that alterations in BDNF levels during the protracted withdrawal period were correlated with withdrawal symptoms [37]. In this regard, clinical studies have shown that BDNF levels may increase during withdrawal to return to normal levels in order to restore normal functions in the damaged 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 levels following chronic substance use and the increase in BDNF levels during early abstinence periods [39]. Other evidence from clinical studies suggests that another possible 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 peripheral BDNF levels are necessary to protect dopaminergic 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 pathophysiological basis for substance use-related disorders. Among the neuroadaptive responses to addictive substances, 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 intracellular 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, evaluating BDNF serum levels in persons with crack heroin use disorder not only can be suggested as a valuable clinical biomarker to follow up the treatment process, predict substance-related behaviors, and determine withdrawal prognosis in the clinic, but it can also indirectly demonstrate changes that occur in the mesencephalic dopaminergic 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 significant 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 associated 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 demonstrated 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 investigation. 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. Second, all the participants in our study were male, which limits the generalization and interpretation of our findings. 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 clarify 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 evaluations 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.

Conclusion
Based on the findings, it can be concluded that the neurotoxicity 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 heroin 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.

Acknowledgements
The authors would like to appreciate the Deputy of Research of Iranshahr University of Medical Sciences (IRSHUMS) for financially supported this research (Project No: 9413-16).

Author contributions
AG and HF co-designed the study, supervised all the experiments, and analyzed the results. EACG, MGR and HP participated in the literature review, data analysis, prepared figures, and drafted the manuscript. All authors read, modified and approved the final version of the manuscript.

Funding
This study was supported financially by Iranshahr University of Medical Sciences, Iranshahr, Iran (Grant No. 9413-16).

Data availability
Not applicable.

Declarations
Ethics approval and consent to participate
This survey was confirmed and supervised by the Iranshahr University of Medical Sciences (IRSHUMS), Iranshahr, Iran (Reg. No: IR.IRSHUMS.REC.1394.2). All human experimental procedures were in accordance with the Declaration of Helsinki. For enrolled subjects the objectives of the trial were explained and then a written informed consent were signed by all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	1.
Drugs EMCf, Addiction D. European drug report 2019. Publications Office of the European Union Luxembourg; 2019.


	2.
Devlin RJ, Henry JA. Clinical review: major consequences of illicit drug consumption. Crit Care. 2008;12(1):1–7.


	3.
Kaye S, Darke S. Injecting and non-injecting cocaine use in Sydney, Australia: physical and psychological morbidity. Drug Alcohol Rev. 2004;23(4):391–8.PubMed


	4.
Fernandez AD. Lines across Europe. Nature and extent of Cocaine use in Barcelona, Rotterdam and Turin1993.


	5.
Goertz RB, Wanat MJ, Gomez JA, Brown ZJ, Phillips PE, Paladini CA. Cocaine increases dopaminergic neuron and motor activity via midbrain α1 adrenergic signaling. Neuropsychopharmacology. 2015;40(5):1151–62.PubMed


	6.
Verma V. Classic studies on the interaction of cocaine and the dopamine transporter. Clin Psychopharmacol Neurosci. 2015;13(3):227.PubMedPubMedCentral


	7.
Pianca TG, Rohde LA, Rosa RL, Begnis APA, Ferronatto PB, Jensen MC, et al. Crack cocaine use in adolescents: clinical characteristics and predictors of early initiation. J Clin Psychiatry. 2016;77(10):3917.


	8.
dos Anjos Rosário B, de Nazaré MFS, Estadella D, Ribeiro DA, de Barros Viana M. Behavioral and neurobiological alterations induced by chronic use of crack cocaine. Rev Neurosci. 2020;31(1):59–75.


	9.
Farhoudian A, Sadeghi M, Vishteh HRK, Moazen B, Fekri M, Movaghar AR. Component analysis of Iranian crack; a newly abused narcotic substance in Iran. Iran J Pharm Research: IJPR. 2014;13(1):337.PubMedPubMedCentral


	10.
Aberoumandi SM, Vousooghi N, Tabrizi BA, Karimi P. Heroin-based crack induces hyperalgesia through β-arrestin 2 redistribution and phosphorylation of Erk1/2 and JNK in the periaqueductal gray area. Neurosci Lett. 2019;698:133–9.PubMed


	11.
Anders QS, Ferreira LVB, Rodrigues LCM, Nakamura-Palacios EM. BDNF mRNA expression in leukocytes and frontal cortex function in drug use disorder. Front Psychiatry. 2020;11:469.PubMedPubMedCentral


	12.
Schuch-Goi SB, Goi PD, Bermudez M, Fara LS, Kessler FP, Pechansky F, et al. Accumbens volumes are reduced among crack-cocaine users. Neurosci Lett. 2017;645:86–9.PubMed


	13.
Anbar AP, Piran T, Farhadi M, Karimi P. Iranian crack induces hepatic injury through mitogen-activated protein kinase pathway in the liver of Wistar rat. Iran J Basic Med Sci. 2018;21(11):1179.


	14.
McEwen BS. Allostasis and allostatic load: implications for neuropsychopharmacology. Neuropsychopharmacology. 2000;22(2):108–24.PubMed


	15.
Heidari Z, Mahmoudzadeh-Sagheb H, Shakiba M, Alhagh Charkhat Gorgich E. Stereological Analysis of the brain in methamphetamine abusers compared to the controls. Int J High Risk Behav Addict. 2017;6(4):e63201.


	16.
White FJ, Kalivas PW. Neuroadaptations involved in amphetamine and cocaine addiction. Drug and alcohol dependence. 1998.


	17.
Zaparte A, Viola TW, Grassi-Oliveira R, da Silva Morrone M, Moreira JC, Bauer ME. Early abstinence of crack-cocaine is effective to attenuate oxidative stress and to improve antioxidant defences. Psychopharmacology. 2015;232:1405–13.PubMed


	18.
Hirsch GE, Jaskulski M, Hamerski HM, Porto FG, da Silva B, Aita CAM, et al. Evaluation of oxidative stress and brain-derived neurotrophic factor levels related to crack-use detoxification. Neurosci Lett. 2018;670:62–8.PubMed


	19.
Sharma V, Singh TG, Kaur A, Mannan A, Dhiman S. Brain-derived neurotrophic factor: a novel dynamically regulated therapeutic modulator in neurological disorders. Neurochem Res. 2023;48(2):317–39.PubMed


	20.
Huang MC, Chen CH, Liu HC, Chen CC, Ho CC, Leu SJ. Differential patterns of serum brain-derived neurotrophic factor levels in alcoholic patients with and without delirium tremens during acute withdrawal. Alcoholism: Clinical and Experimental Research. 2011;35(1):126– 31.


	21.
Heberlein A, Dürsteler-MacFarland KM, Lenz B, Frieling H, Grösch M, Bönsch D, et al. Serum levels of BDNF are associated with craving in opiate-dependent patients. J Psychopharmacol. 2011;25(11):1480–4.PubMed


	22.
Gueye AB, Allain F, Samaha A-N. Intermittent intake of rapid cocaine injections promotes the risk of relapse and increases mesocorticolimbic BDNF levels during abstinence. Neuropsychopharmacology. 2019;44(6):1027–35.PubMed


	23.
Sordi AO, Pechansky F, Kessler FHP, Kapczinski F, Pfaffenseller B, Gubert C, et al. Oxidative stress and BDNF as possible markers for the severity of crack cocaine use in early withdrawal. Psychopharmacology. 2014;231:4031–9.PubMed


	24.
Zhang J, Zhang X, Su H, Tao J, Xie Y, Han B, et al. Increased serum brain-derived neurotrophic factor levels during opiate withdrawal. Neurosci Lett. 2014;571:61–5.PubMed


	25.
Koob GF, Le Moal M. Addiction and the brain antireward system. Annu Rev Psychol. 2008;59:29–53.PubMed


	26.
American Psychiatric Association, Association D. AP. Diagnostic and statistical manual of mental disorders: DSM-5. American psychiatric association Washington, DC; 2013.


	27.
George O, Koob GF. Individual differences in prefrontal cortex function and the transition from drug use to drug dependence. Neurosci Biobehavioral Reviews. 2010;35(2):232–47.


	28.
Seger D. Cocaine, metamfetamine, and MDMA abuse: the role and clinical importance of neuroadaptation. Clin Toxicol. 2010;48(7):695–708.


	29.
Volkow ND, Koob G, Baler R. Biomarkers in substance use dependences. ACS Chem Neurosci. 2015;6(4):522–5.PubMed


	30.
Wise R, Bozarth M. Brain mechanisms of drug reward and euphoria. Psychiatric Med. 1985;3(4):445–60.


	31.
Ducray A, Kipfer S, Huber AW, Andres RH, Seiler RW, Schlattner U, et al. Creatine and neurotrophin-4/5 promote survival of nitric oxide synthase-expressing interneurons in striatal cultures. Neurosci Lett. 2006;395(1):57–62.PubMed


	32.
Barker JM, Taylor JR, De Vries TJ, Peters J. Brain-derived neurotrophic factor and addiction: pathological versus therapeutic effects on drug seeking. Brain Res. 2015;1628:68–81.PubMed


	33.
Costa KG, Cabral DA, Hohl R, Fontes EB. Rewiring the addicted brain through a psychobiological model of physical exercise. Front Psychiatry. 2019;10:600.PubMedPubMedCentral


	34.
Cheng M, Liu Q, Wang Y, Hao Y, Jing P, Jiao S, et al. MMP-9-BDNF pathway is implicated in cognitive impairment of male individuals with methamphetamine addiction during early withdrawal. Behav Brain Res. 2019;366:29–35.PubMed


	35.
Pianca TG, Rosa RL, Ceresér KMM, de Aguiar BW, de Abrahão RC, Lazzari PM, et al. Differences in biomarkers of crack-cocaine adolescent users before/after abstinence. Drug Alcohol Depend. 2017;177:207–13.PubMed


	36.
Von Diemen L, Kapczinski F, Sordi AO, de Magalhães Narvaez JC, Guimarães LSP, Kessler FHP, et al. Increase in brain-derived neurotrophic factor expression in early crack cocaine withdrawal. Int J Neuropsychopharmacol. 2014;17(1):33–40.


	37.
Zhang K, Jiang H, Zhang Q, Du J, Wang Y, Zhao M. Brain-derived neurotrophic factor serum levels in heroin-dependent patients after 26 weeks of withdrawal. Compr Psychiatr. 2016;65:150–5.


	38.
Sarkar S, Jain R, Kethawath SM, Gupta R, Kumar M. Serum BDNF levels in patients with opioid dependence during the early withdrawal period: a case control study. Neurosci Lett. 2018;681:100–4.PubMed


	39.
Corominas-Roso M, Roncero C, Eiroa-Orosa FJ, Gonzalvo B, Grau-Lopez L, Ribases M, et al. Brain-derived neurotrophic factor serum levels in cocaine-dependent patients during early abstinence. Eur Neuropsychopharmacol. 2013;23(9):1078–84.PubMed


	40.
D’Sa C, Fox HC, Hong AK, Dileone RJ, Sinha R. Increased serum brain-derived neurotrophic factor is predictive of cocaine relapse outcomes: a prospective study. Biol Psychiatry. 2011;70(8):706–11.PubMedPubMedCentral


	41.
Sadri-Vakili G, Kumaresan V, Schmidt HD, Famous KR, Chawla P, Vassoler FM, et al. Cocaine-induced chromatin remodeling increases brain-derived neurotrophic factor transcription in the rat medial prefrontal cortex, which alters the reinforcing efficacy of cocaine. J Neurosci. 2010;30(35):11735–44.PubMedPubMedCentral


	42.
Heidari Z, Moghtaderi A, Mahmoudzadeh-Sagheb H, Gorgich EAC. Stereological evaluation of the brains in patients with parkinson’s disease compared to controls. Rev Rom Med Lab. 2017;25(3):265–74.


	43.
Heidari Z, Mahmoudzadeh-Sagheb H, Moghtaderi A, Ramazanpour N, Gorgich EAC. Structural changes in the brain of patients with relapsing-remitting multiple sclerosis compared to controls: a MRI-based stereological study. Ir J Med Sci. 2020;189:1421–7.PubMed


	44.
Heidari Z, Mahmoudzadeh-Sagheb H, Shakiba M, Charkhat Gorgich EA. Brain structural changes in Schizophrenia patients compared to the control: a MRI-Based Cavalieri’s Method. Basic Clin Neurosci. 2023;14(3):355–64.PubMedPubMedCentral


	45.
Hyman C, Hofer M, Barde Y-A, Juhasz M, Yancopoulos GD, Squinto SP, et al. BDNF is a neurotrophic factor for dopaminergic neurons of the substantia nigra. Nature. 1991;350(6315):230–2.PubMed


	46.
Collo G, Cavalleri L, Spano P. Structural plasticity in mesencephalic dopaminergic neurons produced by drugs of abuse: critical role of BDNF and dopamine. Front Pharmacol. 2014;5:259.PubMedPubMedCentral


	47.
Volkow ND, Michaelides M, Baler R. The neuroscience of drug reward and addiction. Physiol Rev. 2019;99(4):2115–40.PubMedPubMedCentral


	48.
Cunha PJ, Gonçalves PD, Ometto M, Dos Santos B, Nicastri S, Busatto GF, et al. Executive cognitive dysfunction and ADHD in cocaine dependence: searching for a common cognitive endophenotype for addictive disorders. Front Psychiatry. 2013;4:126.PubMedPubMedCentral




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Brain-derived neurotrophic factor serum levels as a candidate biomarker for withdrawal in crack heroin dependence


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13011_2024_591_Fig1_HTML.png
BDNF levels (pg/mL)

40000 -

30000 =

20000 -

10000 =

=3 Control
# B3 Admission
1 El Discharge

T
Control Admission Discharge





OEBPS/css/sidebar.gif





